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INTRODUCTION.

Up to the present time very little attention has been paid to the
diseases of fishes, and to their parasites from the standpoint of the
effect produced by them upon the host. Yet there can be na doubt that
a knowledge of such diseases would be of great practical value. Any
one who considers the proportions that fish epidemics may attain will
hardly be inclined to question the utility of searching investigation in
this direction. Thus. to take a single instance, in the epidemic of 1884
in Lake Meudota, Prof. Forbes!® states that:

It was estimated that fully 300 tons had died up to that time. On August 7 the
Madison Transeript reported that 200 tons lad been hauled away by the city
authorities during the four woeks preceding and that the fishes wore still dying.

Epidemics of similar extent have been reported in Europe.

The important results in the way of prevention of epidemics among
domesticated animals and cultivated plants obtained as the result of
scientific investigation afford some ground for the hope that similar

! Bull, U, 8. Fish Com. for 1888 (1890), v, p. 482,
F 092—5
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results may be obtained here. Obviously the first step in work of this
kind is the collection of facts, especially those bearing upon the parasite,
its pature, life-history, intermediate hosts, enemics, and its connection
(whether causal or otherwise) with diseases or other morbid processes
in its host. Such data are a necessary preliminary to preventive or
curative measures.

The present paper is a contribution toward the object indicated. A
few words now as to its scope. The attempt has been made to compress
theentire literature (as faras possible, every known fact) into onearticle.
Further, every form ! which has been at any time definitely referred to
the group is hercincluded. Such collection of forms necessarily involved
the exercise of some judgment as to specific identities and distinctions.
As most of the known species are available only in the form of descrip-
tions, usually very meager, and of drawings which, especially the older
ones, represent ouly the most general features,? it is hardly reasonable
to hope that any first attempt at compilation of the synonymy will
prove satisfactory in all respects. Still in many cases the synonymy

"is fairly well established.

The main guide in the corrclation of the deseribed forms has beeun
identity of host and seat. Of course it is not contended that this proves,
but merely that it more or less strongly suggests, identity of parasite.
The confirmatory test is naturally a comparison of figures and descrip-
tions. This latter test will of course be preferred to the test by iden-
tity of seat as soon as we shall be in the possession of sufliciently
accurate and detailed descriptions and figures, but in the.present stato
of our knowledge the mere absence of difference between more or less
incomplete descriptions and figures of two forms with different habitats,
produces no conviction in my mind of the identity of the forms. In gen-
eral it is only where a double correlation (of host and seat on the one
side, and of descriptions and drawings on the otker) has been possible,
that different forms have been united. In other words, the presump-
tion throughout has been in favor of distinctness. From this fact it may
be expected that future investigation will tend to reduce somewhat the
number of forms here recognized.

The nomenclature has been compared and revised, and for all recog-
nizable species binomial names have been substituted for the clumsy
circumlocutions “psorosperms of the pike,” ete., formerly in use. It
ay perhaps be thonght thatin my preliminary paper and in the present

'Although it has been my aim to include in this paper descriptions and figures of
all forms ever definitely referred to the Myxosporidia, the species noted on pp. 135~
1387 have been omitted.

2It must be further noted that hardly one of the older writers regarded these torms
from a taxonomicstandpoint. Their principal desiro wasto work out the life-history
and affinities of the group rather than of the individual species; and thoy seem to
have observed the latter mainly for the light they shed upon the life-history of
the group as & whole, contenting themselves with designating the difierent forms as
‘¢ psorosperms of the pike,” etc.
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one, too many specific names have been introduced. In answer might
be pleaded the difficulty, in a first attempt of this kind, of judging exactly
how many species to recognize, and it is not impossible that future
expericnce may require the suppression of a few of the names proposed.
Regarding this contingency, however, asone of the incidents of an initial
revision, the author will view with considerable equanimity the relega-
tion to synonymy of such names as may prove toberedundant. Finally,
as regards this branch of the subject, it should be stated that the main
indication seemed to be the building up from the literature of a series
of synonymic units which could be later, if necessary, welded into a
more compact specific synonymy. This indication has been fulfilled,
nearly all the units here constructed consisting merely of an original
description and copies of the same by subsequent authors.

The plates appended to this paper include cvery published figure of
every myxosporidian species (species Nos. 27 to 102, inclusive); further,
every published figure of every species formerly regarded as myxo-
sporidian but now rejected or queried (species Nos. 1 to 26, inclusive),
excepting only some figures of .I’sorospermia scienw-umbre, the figures
of the species referred to on pp. 135-137, and the figures of Lithocystis
schneideri in Schneider’s Tablettes Zoologiques, which work was not
accessible.

In the course of my studies I have been perplexed by the usual num-
ber of quotatibns without any or with only cryptographic references.
In the hope of obviating this in the future, intelligible references are
given for all statements made and, it is belicved, for all important facts.

A number of new terms are introduced in this paper, as it is con-
sidered very desirable to have the definiteness and specialization of
terms keep pace with the increasing detail of knowledge. They are
defined on pp. 120-122. An exceedingly instruetive instance of the con-
fusion resulting from the application of the same name to two entirely
different structures is afforded by the history of the filaments (see
Pp. 87-88). It such non-diserimination were to continue far, we should
have to construct an elaborate synonymy for every structure as well
as for every species.

The lack of a uniform (often, indeed, of any) system of arrangement
of data forms, unfortunately, a marked feature in many papers. With
very few exceptions the scheme given below has been adhered to through-
out this paper. It may ot prove to be the best possible, but if it serve
to secure the adoption of some regular order (what particular one mat-
ters, perhaps, not a great deal) it will have fulfilled its object. The
Principles underlying it are:

(@) Describe all structures, etc., in the order of their occurrence in the
life cycle, beginning with the adult; the process of formation of a struc-
ture to precede the description of that structure.

(D) Describe structures in order of position from without inward.
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(¢) Describe important and constant structures before unimportant
and inconstant ones.

(d) Describe structure before function.

The principal exception is the change of place of the cyst, which for
convenience is placed before the myxosporidium. Properly (were
arrangement an end rather than a means) it should follow the myxo-
sporidium, But the cyst occupies quite a subordinate (almost, so to
speak, an accidental) position in the life cycle, and it sheds little light
upon any of the structures either of the adult or of the spore. Further,
to place it between the myxosporidinm and the spore would make an
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awkward break in the continuity of the life-history.
The following is the order adopted, based upon the principles given:

L. Synonymy:

a. Recognized binomial name, au-
thority, date.

b. Synonymy prior to -recognized
name, in parenthesis.

o. Reference to proposition of recog-
nized name, followed by sub-
sequent synonymy.

II. Cyst:

a. Formation,

b. Structure.

(1) Macroscopic (form,size, color,
ete.).

(2) Microscopic (a) structure and
origin of membrane and (b)
contents.

III. Myxosporidinm:
a. Genorsl characters (form, size,
color, ete.).
b. Ectoplasm.
o. Endoplasm:
(1) General description,
(2) Nuclei.
(3) ‘*Granules” and “ globules.”
(4) Vacuoles.
(6) Inclusions, notably pigment.
d. Pseudopodia.
6. Amaeboid movements.

IV. Spore formation:
a. Formation and segmentation of
pansporoblast.
b. Development of sporoblast into
spore (in same order as descrip-
tion of spore, below).

V. Spore:
a. General description (form, size,
tailed or not, etc.).
b. Shell:
(1) Physico-optico-chemical
characters.
(2) Valves, position and separa-
bility.

c. Tail.
d. Capsules:
(1) Number, position, eto.
(2) Filaments.
e. Sporoplasm:
(1) Forn.
(2) Nuclei.
(3) Vacuole.:
(4) “Granules” and “globules.”
VI. Exit of sporoplasm, and completion
of life cycle with earlier stages of
development of myxosporidinm.
VII. Habitat; seat, season, frequency.
VIII. Pathological anatomy:
a. Morbid structures (in order of
formation):
(1) Cell intection.
(2) Tumors.
(3) Ulcers (1ater stage of tumors).
IX. Effects and symptoms.
X. Epidemics:
a. ¥Fishes affected; territory cov-
ered; extent of ravages.
b. Causes.
(1) Predisposing or contributory:
(a) Age, ete.
(b) Pollution of streams.
(2) Exciting: Mode of infection.

Further, were it not for the abundant evidence to the contrary, fur-
nished by the literature, it would seem superfluous to urge that every
report should contain, at least, the following data:

Host.—The place and date of collection, the water-temperature, the
scientific name! of the host, together with the age (or size) of the latter,

! Upon this last point too much stress can not bo 1aid. The habit of recording the
host merely by the popular name (often local, always more or less ambiguous, and
not infrequently designating a whole genus) is greatly to be deprecated, as ident-
fieation is rendered difficult or impossible, especially for students of other times and
countries,
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the name of the person collecting, and particularly that of the person
identifying it.

Microscopic technique.—Especially the fixation process and the stains
found most useful should be mentioned. ‘

Parasite.—Besides the indications contained in the above outline for
arrangement, the gaps in the Tabular Key (pp. 138-165) offer an invit-
ing field for future work. One other point should receive most careful
attention, viz, a close comparison of the (at present probably unduly
multiplied) forms habitant upon the same host, and especially those in
the same organ of the same host. In this way a few years will suffice
to condense the present synonymy to its proper dimensions. It may
be added that even the dimeusions of the spores—the most accurate
of all data—are sometimes omitted.

Effects and epidemics.—Above all, attention should be directed to
gathering accurate data as to the extent, the species of fishes affected
and those exempt, the territory invaded, the season, as far as possible
the relative potency as causative factors of temperature, water pollu-
tion, ete. The effects of all remedies tried, whether successful or not,
should of course be recorded.

Reduction of measurements.—The older authors recorded their meas-
urements in thousandths of a line.! I have reduced these to u’s.
Owing to the number of inches (also, consequently, of lines) in use in
Germany, the original measurements are quoted in pareuthesis. In
1853 Robin ? reduced the German measurements to decimals of a milli-
meter, He assumed 1/ = 2,25 mm. Biitschli®adopts the same equiv-
alent for the ¢ Linie” ('), Wherever my results differ from Robin’s
I have noted his figures in parenthesis along with the original measure-
ments.

The following are the calculations and the resulting equivalents
adopted:

One Prussian foot = 1-0298 English fect.

One Prussian inch = 1-0298 English inches.

One m. = 39-371 English inches = 38-2317 Prussian inches.

One nm. = 0'0382317 Prussian inches == 045878 Prussian lines.

Thus 1 ¢ Linie” = 2-18 mm, nearly instead of 2:25 mm.

Fortunately the discrepancies are slight. All spore-measurements
are in w's; cyst measurements in decimals of a millimeter.

As regards the translations, I am responsible for all, with the excep-
tion of Kolesnikoff’s article the translation of which was made by
Mr. Israeli, of the Surgeon-General's Library. Dr. Robert Stein, of

'In the only case where I could find a direct comparison between Miillor’s ¢ Linie”
and the millimeter, viz, Miiller's translation of Gluge’s x%y of a mm, for Glugea
anomala (Gluge, Bull. Acad. Roy. Belg., 1838, v, p. 774; Miiller, Miiller’s Archiv.,
1841, p. 491), us 0-0020/, Miiller regards the forwer as equal to 2 mm.,

? Hist, Nat. des Végét. Parasites.

¥8ee Chloromyazum mucronatum (p. 264).



70 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

the U. 8. Geological Survey, has, however, helped me in a number of
points connected with this branch of the subject.

I am indebted to many friends for assistance. In particular, I ‘wish
to acknowledge my deep indebtedness to Dr. C. W. Stiles, of the
Department of Agriculture, for-numerous judicious suggestions and
for encouragement and aid in very many ways, especially in the study
of the nuclei. M. Thélohan very geuerously placed at my disposal
notes on, the synonymy of several species. The synonymy of the
piscine hosts has been revised by Dr. Theodore Gill. TFinally, I desire
to thank the officials connected with the Library of the Surgeon-Gen-
eral, U. 8. Army, for numerous courtesics extended me in the course
of a protracted examination of the valuable collections under their
charge. .

As far as possible, this paper has been brought up to January 1,
1894. Several subscquent papers have also been included (see pp.
128-129). *
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GENERAIL DESCRIPTION OF THE SUBCLASS MYXOSPORIDIA.
L_NOMENCLATURE AND DEFINITION.
SupkiNGpoM PROTOZOA.
Class Srorozoa Leuckart, 1879 (emendated).

The following is Leuckart’s definition ! verbatim, with the exception
of the proposition of the Gregarinida as the type order, a proposition:
that is implied by Leuckart’s language. The words inclosed in brackets
should, as shown by subsequent observations, be omitted from the

class definition.

Unicellular parasites [of stablo body-form], destitute [of pseudopodia and] of
cilire, covered with a smooth, more or less solid cuticle, At the anteridr eud not
seldom a proboscidiform attachment-apparatus.  Movements on the whole little
striking, worm-liko or feebly amaboid. Mode of life always parasitic; nutrition
by endosmosis. Reprodiection by more or less hard-shelled spores (pseudonavicelle;
psorosperms) formed in the interior of the protoplasm in variable but very consid-
erable numbers,? either progressively or simultancously (in thoe latter case at the
termination of growth and after encystment). Germinal portion of spore consisting
of falciform protoplasmic rods (Gregarinida; Coccidia) or a siugle protoplasinic mass
(Myxosporidia) ; typo order Gregarinida.

Subelass MY X0sroribia Biitschli, 1881.

Zoolog. Jahres-Ber. f. d. J. 1880, 1, p. 1625 ib., Biitschli, 1881, Ztschr..f. wiss, Zool.,
XXXV, pp. 630, 650; ib., Biitschli, 1882, Bronn’s Thicer-Reich, 1, p. 590; ib. of all
subscquent authors; Myxosporide: (Psorospermidas J. Miiller)® Ziirn, 1882,
Dio thierischen Parasiten, Weimar, p. 816; Myzxospora* (error) Mégnin, 1885,
Compt. Rend. hehdom. Soc. Biol. Paris, 11, p. 447; subclass Myzosporidia, Lan-
kester, 1885, Encyel. Britan., 9 ed., X1x, p. 855; «Pgorospermidwe J. Miiller,”s
Kocl, 1887, Incyklop. d. gesamnt. Thierheilkde u. Thierzucht, 1v, p. 94.

TI1)X SUBCLASSIC DESIGNATION.
Miiller, in 1841, denominated the forms observed by him merely as
“Pgorospermien.” Everything points to the conclusion that this name

was used merely indefinitely as a group designation. He neither
‘Proposed it as a generic name nor did he anywhere latinize it. He

1 Dio Parasiten des Menschen, 1879, 2 ed., p. 241.

3Compare Bisporogenesis in index.

% An error; Miiller did not propose any such family. Ziirn’s definition is quoted
to show tho errors (italics):

“Order 4. Myrosporide (I’sorospermide, J. Miiller). TFrequentin and on fishes
and Amphibia. The nuclens-less, ofton granulated protoplasm, is surrounded tube-
like Ly a cnticle. ITrom the young protoplasm of theso tubes, single or double con-
toured, fusiform, oval, or round spores originate without previous encystment. In the
8pore originato one or sereral germs, mostly resembling a nucleus-less, but somewhat
granulated plasma-globule, or representing a needle-shaped (stabf srmige) body. The
8pore membranoe often provided with 1 or 2 filamenis) buists in order to free the only
very rarely motile gorms.”

* ¢ Pgorospermies des ppissons ou Myzospora de Biitschli.”
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used it in the same sense in the paper published by him and Retzius in
1842, and was followed in this use by Creplin, also in 1842. In 1843
his article of 1841 was reprinted in French in Rayer’s Archives. In
this the German ¢Psorospermien” is rendered by the French ¢psoro-
spermies,” both of them the exact equivalent of the general indefinite
English plural psoresperms. If anything is needed to complete
the evidence it is found in the fact that not one of these observers
proposed a single binomial name. So it is certain that the term was
ased by Miiller and his immediate successors as a general group term
and not as a generic designation. And it was so used in 1845 by Dujar-
din, and in 1851 by Leydig, ncither of whom employed a generic name.
Further, they did not use any specific (binomial) names, all of their
species, like those of previous authors, being designated as ¢psoro-
spermies du brochet,” ¢ Psorospermien der Hecht,” or by a similar title.

The first author to apply the binomial nomenclature to the ¢ psoro-
sperms” was Charles Robin. Inhis Histoire Naturelle des Véyétaux Par-
asttes (1853) were collected descriptions and figures of nearly all of the
previously described forms. Robin there defines the ¢ psorosperms”
as a tribe of Diatoms, as follows:

Tribus Psorospermem Ch. R. .

Phycoma ex cellulis organicis compositum; cellulw albwm, fuscwe, lutescentes vol
achromatice. - Generatio ignota. (Piscinm parasiticea.)

I form this group to receive a certain number of species of parasitic forms
described first by J. Mitller, and since carefully studied by hir, Retzius, and myself,

From the foregoing it will be seen that to the subclassic (ordinal or
tribal) name was appended an exceptionally clear definition. In the
group thus defined Robin placed a single genus, Psorospermia Robin,
which must, thercfore, stand as the type genus of the group. His
generic definition was: « Characteres tribus.” Robin failed to designate
any particular species as the generic-type. He reproduced descrip-
tions and figares of 10 forms made known by other authors, under the
customary headings of % psorosperms of the pike,” ete. In addition to
this, however, he inserted a description and figures of a single species
of his own, which was the only one provided with a binomial name, or
in other words the only species (in the nomenclatural sense) present.
It is plain, therefore, that this species (P. sciene-wmbre Robin) must
stand as the generic type.! ‘

Curiously enouglh, however, of all the species collected by Robin
this is almost the only one which can not be regarded as a myxospo-
ridian. That it can not be so regarded is evident from a careful exam-
ination of his definition and figures. Unfortunate as it is that the
name Psorospermia must henceforth be restricted to organisms having

1In order to place the matter beyond doubt, I now propose to limit the genus
Psorospermia Robin, as above indicated, viz: to forms of the type of I’. science-umbre
Robin, which speciocs I propose as the generic type. I further propese Psorospermia
88 the type genus of Robin’s tribe Psorospermem.
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no affinity with the “psorosperms,” it is none the less inevitable that,
as between the generic definition and the type species, the generic name
must follow the fate of the type species.

Mobin’s name Psorospermia can not, therefore, be employed as the sub-
classic designation of, and for the same reason it can not be used as a
generic name in, the Myzrosporidia.

In this connection it may be noted that the name Psorospermium has
obtained currency in the Sporozoa. Apparently I have not found the
original use of the name, and can only give the following references.
The forms are nonmyxosporidian (see also p. 135)- '

Psorospermium, Panlioki, 1872, Mag. f. d. gesammt. Thierheilkde, Borlin, xxxvi,

p. 6; ib., Rivolta, 1878, Giorn. Auat, Fisiol. e Patol., Pisa, X, p. 233,
THE SUBCLASSIC DEFINITION.!

Sporozoe, whose adult stage is characterized by the presence of ium-
erous nuclei originating by division; further by the power of ameboid
movement,? and by the mode of spore formation, which takes place
in definite transparent areas (pansporoblasts), and which is progressive,
not being confined to the last stage of the life cycle;3 whose spores
exhibit always 2 and sometimes 3 axes of symmetry and possess a shell
Tesistant to chemical reagents, 1 or more capsules (each inclosing a
coiled filament capable of extrusion), and a single mass of sporoplasm;
type order Pheenocystes.

I.—_MORPHOLOGY.
GENERAL DESCRIPTION OF STRUCTURE.

Omitting discussion of controverted questions and of peculiarities
correlated with generic differences, the life-history and morphology of
the subclass may be briefly outlined as follows:

In all the Mywosporidia two distinct stages are recognizable, viz, the
myxosporidium (growth-reproduction or adult stage) and the spore,
In addition a cyst may be present (see p. 77).

1. The myzrosporidium.—At the time of its exit from the spore the
myxosporidium possesses nuclei and sometimes a vacuole. It now*

!Original, The first definition of the group was given by Lankester, as follows:

“Sporozoa, in which the ouglena-phase is a large multinucleate ameceba-like
organism. The cysts arc imporfectly known, but appear to be simple. Sonre attain
& diametor of two lines. "The spores are highly characteristic, having each a thick
¢0at which is usually provided with a bifurcate process or may have thread capsules
(like nematocysts) in its substance. The spores contain a single nucleus and are not
known to produce falciform young, but in one case have lLicen seen to liberate an
dmeebula, The further development is unknown. Tho Myzosporidia are parasitic
beneath the opidermisof the gills and fins, and in the gall bladder and urinary bladder
of fishes, both fresh-water and marino.”

:Excopt possibly Thelokania, in which the myxosporidinm is unknown.

Noted by Biitschli (Broun’s Thier-Reich, 1882, 1, p. 595) in Myzxobolus millleri and

Myzidium lieberkiihnii. .

{Fide Pfeiffer; cf. Korotneff ; seo pp. 187,238, pl. 9, fig. 1, and pl. 46, fig. 1b.
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enters upon an intracellular existence, penetrating into the interior
- of the red blood and other cells of the host, where, protected b y the
cell membrane, it grows hy feeding on the cell contents. I nally,
its continued growth produces distension, and ultimately rupture of
the cellmembrane, and the myxosporidium becomes free. It now
moves about amaboidly, grows larger, the nuclei become more num-
erous through karyokinesis, and spore formation begins. This last
process is not confined to the last stages of the life cycle, but begins
early and is progressive.

At this period the myxosporidium exhibits the following structure:

In outline it is vermiform, sacculated, roundish or not infrequently
entirely irregular (see pls. 29, 37-39, 43-45). It usually possesses the
power of amaboid movement and generally exhibits a distinct separa-
tion of ectoplasm and endoplasm (see pl. 39, figs. 1, 2, and pl. 44, fig. 1).

The ectoplasm (see pl. 16, fig. 4; pl. 39, fig., 1; and pl. 44, fig. 3) is
very transparent, quite or nearly destitute of granules, sometimes more
or less radiate-striate, and is often prolonged into pseudopodia which
only involve the endoplasm when of very large size. The pseudopodia
sometimes form a shaggy or bristly coat over the whole, or a part of
the myxosporidium (sec pl. 44, fig. 1a).

The endoplasm (see pl. 37, fig. 4; pl 38, fig. 1, and pl. 39, fig. 1).
is more or less coarsely granular and contains numerous nuclei, fat-
globules, hiematoidin crystals (pl. 44, fig. 5) and other pigment. The
nuclei are derived from the primitive nuclei of the myxosporidium (the
nuclei of the sporoplasm; see below). The hwmatoidin erystals are
usually found within the fat-globules. The myxosporidium may contain
other extraneous pigment, e. g., bile-, and perhaps a proper, pigment
(see pp. 76, 277).

Spore formation: Each nucleus attracts to it a portion of the sur-
rounding myxoplasm to form a pale, solid globule termed the pansporo-
blast (pl. 12, fig. 1 a~c, and pl. 47, fig. 1 @, b) which later segments into a
number of sporoblasts (pl. 12, fig. 1 &, 4, and pl. 47, fig. 1 ¢, d), each of
which develops into a spore. .

2. Spore.—This always contains three elements, shell, capsule with
filament, and sporoplasm. The shell (see pl. 16, fig. 3, and pl. 28, fig. 1)
is exceedingly transparent, very resistant to chemical reagents, and is
frequently bivalve. The capsule (pl. 26, fig. 7, cap.) is a pyriform,
hollow, elastic-walled body which always contains a single coiled
thread (filament) capable of extrusion. The sporoplasm (pl. 26, fig.
7, spo.) is always a single mass of protoplasm. It contains nuclei (n),
and sometimes a vacuole (fig. 7, vac.), which when present is always
single. At maturity the shell splits when bivalve, or dissolves when
univalve, thus setting free the sporoplasm (pl. 15, fig. 7 b), which, now
become the myxosporidium, rebegins the life cycle.
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DETAILED DESCRIPTION OF INDIVIDUAL STRUCTURES.
“PSOROSPERMS” TIHE SPORES.

The older writers scem to have tacitly admitted that their “psoro-
sperms” represented the spore stage. Thus Lieberkiilin! says that cer-
tain animals fix themselves to the skin of fishes and in reproduction fall
apartinto the “psorosperms.” Balbiani,® however, regarded the ¢pso-
rosperms” as an adult ecryptogam. This view he subsequently virtually
abandoned.? All the later authors, without exception, have regarded
the myxosporidium as the adult.

TIIE MYXOSPORIDIUM,.

This was first observed by Dujardin in 18435 (see p. 273). It occurs
freo or attached. Size 2 mwm. or, more usually, much less, without
constant or characteristic body-form, being cylindrical, ribbon-, or
club-shaped, or more or less globular or irregularly amaboid, cousisting
of colorless or more or less yellowish protoplasm (pigment usually
extraneous, see p. 76); usnally, probably always, showing a more or less
(frequently quite) distinet differentiation into cctoplasm and endoplasm.
In the cyst-forming Mywosporidia (e. £., the branchicolous forms) the
differentiation is also, at least in the older myxosporidia, very sharp.

LCTOPLASM.

Torming a very transparent granule-free or exceedingly finely
granular zone, from which all of the elements characteristic of the
endoplasm are absent.

! Miiller’s Archiv., 1854, p. 357.

2 Compt. Rend. Acad. Sci. Pavis, 1863, LvI1, p. 159.

3 Journ, do Microgr., 1883, vi1, pp. 198, 201, 276.

4 Pfeiffer rogards the large myxosporidia as composed by the fusion of many small
ones, Ho thus explains progrossive spore formation:

“With the viow here expressed that the smallest psorosperm-tubes of the barbel
are simple myxosporidia (¢ sporoblasts’) similar to those of Kimeria in the schomatic
table, and to thoso of the Microsporidia; turther, that the large tubes are a con-
glomerato of many different individual parasites which have run together accident-
ally in Gregarino fashion, and that their cyst nature originates through cicatricial
incapsuliug by the host, some things apparontly do not entirely agree. W hy are the
large tubes empty in the middle? Where have thocontents gone? (They can not be
& consumed residual mass.) How are to be explainoed the appearances simulating
nuelear division on the capsule wall in figs. 9 and 14% Does this last-mentioned
Tact compel us to admit after all a progressive endogenous division and a succossive
infection? We have above answered this in tho negative; they must admit of
definite solution when more compurative investigations (e. g., upon batrachiaus
and birds) shall be at hand.”

Subsequently (see p. 227) he explains the emptiness of the contral portion by a
Supposition of spore-migration towards the periphery in search of better nutritive
conditions, '

A similar prossure-fusion occurs in “Myzosporidium” bryogoides (p. 188).
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ENDOPLASM,

Much more coarsely and more or less yellowish granular, containing
numerous nuclei, fat-globules, and sometimnes one or more vacuoles;
also pigment.

Nuclei.—First observed by Prof. Biitschli! in Myxidium lieberkiihnii,
where their nuclear nature was shown both by their structure and by
their affinity for carmine; always very numerous, the smallest oceur-
ring only in the youngest forms, strewn irregularly through the endo-
plasm. As in a number of species the nuclei have been observed to
originate by division, there is every reason tosuppose that such origin
obtains throughout the subclass? and that the myxosporidium nuclei
are to be referred back to the nuclei of the sporoplasm.

“ Granules” and ¢ globules.”—Many of the structures loosely termed
“ granules” and “globules” by the older authors are really nuclei, and
this should be borne in mind in reading their deseriptions, which have
sometimes been reproduced without change (see also pp. 209, 220).

According to Biitschli (see page 283), these bodies are of a fatty
nature, as shown by their complete solubility in alcohol. According
to.several other authors, the haematoidin erystals are found within
globules whose fatty nature was presumed from the same reaction.
Thélohan, however (sce below), while admitting the solvent action
of aleohol upon certain chromatophorous globules observed by him
in Chloromyxwum leydigii and in Myxidium lieberkiihnii, denies their fatty
nature, as osmic acid is without action upon them.

Fat-globules.—TFeebly glittering; size variable; always present except
in very young individuals; especially frequent in Myxidium lieberkiiknii.

Vacuoles.—Sometimes one or more; number, position, and presence
inconstant; apparently always nonpulsating.

Pigment.—Although it has heretofore seerned probable® that all pig-
ment occurring in the Myxosporidia was of extraneous origin, it would
appear now, from Thé¢lohan’s recent observations, as though perhaps
the presence of proper pigment must be admitted. This observer says:?

In many myxosporidia which live in the free state in the natural cavities one
finds the endoplasm riddled with strongly colored globules whose tint varies from
golden yellow to brown. Very numerous in Myzidium, they give to the internal
face of the pike’s bladder a characteristic yollow tint; they also exist in Chloro-
myzum leydigii (Mingaz.). As these elements do not resist the action of alcohol or
that of the essential oils, one finds no trace of them in sections; they are not fatty,
as osmic acid is without action upon them.

Chloromyzum fluviatile also contains similar structures.

! Ztschr. f. wiss. Zool., 1881, XXXV, pp. 632-633; Bronn’s Thier-Reich, 1882, 1, pp.
594-595. Biitschli (1882) was the first to suggest the generality in the Myzosporidia
of the multinucleate condition. Lankester (see p. 73, foot note 1) took the samo view.

* This is also Thélohan’s opinion (Bull. Soc. philomat. Paris, 1892, 1v, p. 169).

3 As Biitschli remarked in 1881 (Ztschr. f. wiss. Zool., XXXV, pp. 642, 649). Cf. also
Pigment in index,
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The extraneous pigment consists of hmmatoidin crystals, whose
origin, mode of oceurrence, etec., are discussed clsewhere (p. 285).

Pseudopodia.'—Usually blunt, simple or lobed ectoplasmic processes,
involving the endoplasm only when very large. In Mywzidium lieber-
Lithnii subpermanent bristle-like pseudopodia have also been observed
(see p. 285).

Amaboid movements.—These have been seen in a number of species.?
They are slow or active; sometimes absent, owing to the deleterious
effect of so-called “indifferent” fluids.

THE CYST.

Encystment.>—This—or at least the tissue-imbedding which is so
termed (see below)—is the usual preliminary to reproduction in Myxo-
bolus. Reproduction takes place without it, however, exceptionally
in Mywobolus, and constantly in those forms inhabiting the cavities of

the hollow organs.
MACROSCOPIC APIPEARANCES,

The most striking feature of the myxmporu]mn cyst is the invariadble
absence of pigmentation. It is always of a cream-white color.® 1In size
it varies within very wide limits, from a fraction of a millimeter to
clusters of several centimeters in length. Shape also extremely variable,
mostly spherical to fusiform. Usually it is easily detachable from its
Place in the tissues. The cyst contents are always milky or creamy,
usually fluid, sometimes from deficiency of water, caseous, and counsist
of spores and more or less ¢ granular matter.”

MICROSCOPIC APPEARANCES,

Cyst membrane.~In harmony with his view of the nature of the con-
tents of the Glugea anomala cyst, Gluge® regarded the cyst membrane
as formed by the ¢ solidification of an albuminous matter ” of the host.

Concerning this structure in Myxobolus miilleri, Biitschli” remarks
that it differs from the type of membrane usual among the unicellular
organisms (particularly the Gregarines) in its plasmatic nature, being

! In Mile. Leclercq’s description of the Myzosporidia (Bull. Soc. Belg. de Microsc.,
1890, xv1, p. 100) the erroneous statement is made that the Myzosporidia do not omit
pseudopodm

2 Notably Myxobolus ellipsoides and M yridium licherkihnii (pp. 222, 286).

3 From the view that the Myrosporidia undergo a true (7oologlcnl) reproduction-
encystment, Biitschli (Bronn’s Thier-Reick, 1882, 1, pp. 592, 593) dissents.

‘Cf. Lieberkithn, 1854, Bull. Acad. Roy. Belg., xx1, pt. 2, p. 23; Thélohan, 1890,
Annal, de Microgr., 11, pp. 197-198.

8 Of course not all white (uonpigmented) cysts are myxosporidian. Some Trema-
todes occur in similar cysts, though they seem more usually to excite the deposition
of piginent.

¢ Bull. Acad. Roy. Belg., 1838, v, p. 775.

59" Ztschr. f, wiss. Zool., 1881, XXXV, pp. 632,633; Broun’s Thier-Reich, 1882, 1, pp.

2, 593,
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composed of clear, very finely granular protoplasm, containing many
small nuclei which possess a distinet dark membrane and a somewhat
irregular outling, and stain intensely with alum carmine. Itis difficult
to determine certainly whether this membrane is formed by the myxo-
sporidium or by the host. Opposing the myxosporidian origin (which,
however, is in no wise excluded) is the relatively greater size of the
membrane nuclei compared with those of the endoplasm.

Balbiani’s! views of c¢yst structure may be summed up thus:

Membrane of rather firm toxture, very thick (sometimes 10 ) without structure,
showing small refringent granulations. In spite of Biitschli’s asscrtion of the
presence of carmine-staining nuclei, Balbiani could find nothing definite. e is
disposed to regard the membrane as a production of the parasite rather than of
the host.

Ludwig? believes the cyst membrane to be probably a production of
the host.

Thélohan?® could find no nuclei in the cyst membrane and believes
their absence an argument of real value in favor of the derivation of
the membrane from the (similarly nonnucleated) myxosporidian ecto-
plasm. TFinally, he says, Cystodiscus immersus (which is free-floating)
is surrounded by a clearly defined structureless membrane.

Perugia* has, it scems to me, recently made an important contribu-
tion to this subject. This observer has seen in Myxobolus mugilis a
cyst which contained three separate myrosporidia. (Sece p. 213, pl. 14,
fig.5.) Tt is hard to resist the conclusion that, in this case at least, the
host furnished the cyst membrane. But itis equally difficult to deny
that in certain other forms, cspecially Cystodiscus immersus, which is
free-floating in the bile, (1) that there is a membrane and (2) that such
membrane is a product of the myxosporidium. Still other species (e. g.,
Myzidium lieberkiihnii) show an ectoplasmic memnbrane. I suspect the
explanation to be that the “cyst membrane” is really composed of two
concentric membranes, one (the inner and coustant one, whose degree
of development and of condensation, however, probably varies greatly)
being the cctoplasm of the myxosporidium and the other (the outer and
inconstant one, being absent, for example, in the free-floating forms)
being a product of the tissues of the host.

TFinally Thélohan® has recently put forth cssentially the same view,
viz, that the so-called cyst membrane is not, derived from but is merely
the ectoplasm of the myxosporidium modified. His observations are
as follows:

Those Myxosporidia which form well-defined cysts (e. g., the branchi-
colous species) have the ectoplasm still distinct, but no pseudopodia
are seen. TFormerly he admitted the existence of a cyst membrane

! Journ. de Microgr., 1883, vir, pp. 199, 200.

8 Jahresber. d. rhein. Fisch.-Vereins Bonn, 1888, p. 31,
3 Annal. de Microgr., 1890, 11, pp. 203-205.

4 Boll. Scientif., Pavia, 1891, x111, pp. 23, 24.

$ Bull. Soc. philomat. Paris, 1892, 1v, pp. 168, 169,
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formed by the parasite. Thélohan now believes a true membrane to
be absent, the psendo-membrane being merely the denser, most external
layer of the ectoplasm, peculiarly modified (coagulated and contracted)
under the action of the fixing and hardening reagents. It can then
take on the aspect of a membrane, the resemblance being sowetimes
even further heightened by its exhibiting very definite strise.

Sections of a barbel’s intestine showed connective tissue spaces
cach inclosing a myxosporidium with an often very well differentiated
external zone which presented a very distinet striation. Although at
first regarding this as a confirmation, Théloban, after a more thorough
examination, varying the observation methods and studying a great
number of sections of different myxosporidian species, became con-
vinced that these pscudo-membranes are artificial productions, the
result of a rougher action of the rcagents on the more exposed external
ectoplasmic layers, which action accentuates their differentiation and
exaggerates their characters. In fact this membraniform layer can be
seen to become continuous, without a line of demarcation, with the
ectoplasm proper.

Further, a similar appearance was sometnnes observed in sections of
the pike’s urinary bladder, where (the myxosporidia being free and
motile) there can be no question of a cyst membrane. Moreover, the
distinction is much more apparent in sections after the action of re-
agents (under which conditions the limit of the 2 layers is clearly indi-

cated and marked by a continuous, often very pronounced, line) than
in fresh preparations,

Thélohan' says that, as Biitschli remarks, the age of the cyst can
be inferred from its size, the less advanced cysts being larger with a
central zone containing the older spores and an outer one containing
nuclei and spores in process of formation. -The oldest cysts are small,
contain no nuclei, and spore formation has ceased, only developed spores
being present.

SPORE FORMATION
GENERIC RELATIONS.

This process exhibits differences which not only serve as ordinal
characters, but which appear also to stand in some sort of relation to
generic lines.

Thus in Glugea we have polysporogenetic pansporoblastic spore for-
Ination within a myxosporidium, the pansporoblast not subpersistent
as a sporophorous vesicle.

In Pleistophora wehave polysporogenetic pansporoblastic spore forma-
tion, no myxosporidium (completely transformed into pansporoblasts$),
the pansporoblast subpersistent as a sporophorous vesicle.

1 Annal. de Microgr., 1890, 11, p. 204.
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In Thelohania the myxosporidium appears to be absent (completely
transformed into pansporoblasts?); the pansporoblast constantly pro-
duces 8 spores,

The process in Cystodiscus is imperfectly known (see p. 280).

Nothing is known of the process in Spharomyza,

The rule in Myxobolus appears to be pansporoblastic spore formation
with tripartite sporoblast segmentation. Although at first sight M. miil-
leri appears to constitute an exception to the rule, I have endeavored
elsewhere (p. 218) to show that this species really conforms to it.

Chloromyxzum (as represented by C. leydigii; also C. incisum) through-
out all its various habitats is characterized by monosporogenetic pan-
sporoblastic spore formation. In C.mucronatum, however, Licberkiihn
appears to have observed 2 spores in the pansporoblast.

Nothing is known of the process in Spherospora.

In Myxosoma also nothing is known beyond the fact that the spores
are developed within a myxosporidium.

Beyoud the very striking peculiarity of bisporogenesis, nothing is
known as to the process in Ceratomyzxa (see p. 274).

Myzidium (M. lieberkiiknii) appears to be characterized by pansporo-
blastic spore formation, without sporoblast segmentation. As,however,in
M. lieberkiiknii the developed capsule isa structure plainly separate from,
and not continuous in substance with, the sporoplasm, its abstriction
from the latter must occur at some period of the development. As this
abstriction would differ from the Myzobolus segmentation mainly in the
time of its occurrence, the real amount of ditiercnce between the 2 pro-
cesses becomes problematical.!

HISTORY.

From the following (which, unfortunately, I have been unable to
examine further) it seems to me probable that Leuckart recognized the
pansporoblast as early as 1847. In speaking of the spores, he says:?

Their formation takes place in an endogenous manner in the interior of special
cells, asI havealready shown in another place (Gittingische Gelehrte Anzeiger, 1847,
p. 1032).

Leydig’s description? is as follows:

A clear pale-contoured vesicle is first differentiated, in which a number

!'Prof. Biitschli (Bronn’s Thier-Reich, 1882, 1, p. 600) takes, apparently with special
reference to this species, the view that the capsules seem to lie not near, but in the
sporoplasm, which appears to cover them with a delicate prolongation. This view
is also, he remarks, to be expected from the developmental history. This, however,
doubtless means only that the capsules are surrounded on all sides by the sporoplasm,
not that they are continuous in substance therewith.

2 Archiv. f. physiol. Heilkde, 1852, X1, p. 435.

' 3Muller's Archiv., 1851, p. 226. Leydlig, it will be remembered, erroneously regarded
this structure as a vesicle (Tochierblase). His observations were made upon Chloro-
myzum 16ydigii and C. incisum,
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of granules originate. During the subsequent progress in development
up to the ripe psorosperm, changes take place in the form of the vesi-
cles, the character of the contour, and the contained corpuscles. The
latter first elongate, one pole becomes sharpened, the whole corpuscle
assumes the familiar clearness of outline, the granules diminish in
number and form (perhaps through fusion or after previous solution)
the 4 capsules. The contour of the sporoblast also becomes sharp.

Lieberkiihn (see Chloromywum mucronatum, p. 265) first noted the pan-
sporoblast as a solid plasma-sphere, but he did not trace the connection
of the solid sphere with Leydig’s vesicles.

In 1880, Gabriel noted, in Myxidium licberkihnit (see p. 287), that the
vacuole stage of the pansporoblast is a subsequent. and not the original
condition. It is quite evident, however, that he did not understand
the mode of pansporoblast formation. )

In 1881, Biitschli' showed that the pansporoblast is primarily not a
vacuole, but a plasma-sphere. The segmeutation of this and the devel-
opment of the resulting sporoblasts were also traced.

PROCISS.?

Formation and segmentation of the pansporoblast—The first step in
Pausporoblast formation is the condensation around each of the numer-
- ous nuclei (of the endoplasm) of a small clear-contoured sphere of myxo-
plasm, which seems limited by a thin envelope resulting from a conden-
sation of its peripheral layer, the whole constituting a pansporoblast.
This subsequently shrinks slightly, so as to appear as a ball surrounded
by a vacant space, and this latter in its turn by the membrane. The
nucleus then divides {by karyokinesis) and redivides so that one very
soon has a sphere (pansporoblast) with a dozen nuclei. The sphere
then segments into two hemispheres (sporoblasts) which remain sur-
rounded by the original pansporoblast membrane. Each sporoblast
contains several nuclei (sce below). The nuclei which do not enter into
the formation of the two sporoblasts are rejected and are found in a
small mass of protoplasm which remains (along with the two sporo-
blastS) within the original pansporoblast membrane.

In this connection it is well to quote from Kuustler and Pitres? the
following erroneous description: :

This envelope [tho ectoplasm] would contain, according to Biltschli, small nuclei.
The nuclei, in proportion as the cyst [membraned myxosporidium}] enlarges, divide;
the protoplasm is condensed around thom to form oval bodics, which Balbiani considers the
8pores; this author has indeed seen there the formation of four faloiform corpuscles [italics
my own, for errors].

' Ztsohr, f. wiss. Zool., XXXV, pp. 645-646; Bronn's Thier-Reich, 1882, 1, p. 596.

*Description based upon Thélohan’s (Compt. Rend. Acad. Sci. Paris, 1890, cx1,
D. 693). For the process in the Cryptocystes, soo p. 201,

3Journ. de Microgr., 1884, viir, p. 474.

Fo92 6




82 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

Development of the sporoblasts into the spore.—As noted by Biitschli
and Balbiani® in the 2-capsuled forms (Mywobolus), each sporoblast
divides into 3 unequal uninucleated masses, 2 small and 1 large, des-
tined to form respectively the 2 capsules? and the sporoplasm.

a. Development of the capsules.—Very soon there is produced in each
of the two smaller masses, ordinarily in the neighborhood of the nucleus
(see above) a small, rounded, clear vacuole, distinguishable from the
surrounding protoplasm by the absence from all points of its wall, of
granulation. Next a small protoplasmic button forms at some point of
the wall and advances progressively into the vacuole, crowding its con-
tents back against the sides, so that after a time it becomes a pyriform
body surrounded by a clear layer (the vacuolic contents) and connected
with the protoplasm by a pedicle. Little by little the pedicle becomes
strangulated, the pyriform body thus finally becoming free. During
this time it has acquired & membrane, and a filament is produced within -
it, evidently at the expense of its protoplasm, although Thélohan was
unable to follow all the stages of the process. Around the capsulc
thus formed one finds the nucleus,® and débris of the protoplasmi¢
globule which has given birth to the capsule. The nucleus remuins
most frequently attached to the capsule, but sometimes it becomes
separated and is found engulfed in the sporoplasm. During develop-
ment the capsules have no fixed direction, orientation taking place later.

b. Development of the sporoplasm.—The third mass becomes the sporo-
plasm. Very early 2 nuclei, generally near together, are seen. They
persist to maturity. Thélohan was unable to determine whether these
exist primitively in the sporoblasts (which would then contain 4 nuclei
instead of 3, as Biitschli supposes) or whether they result from
division. » ]

¢. Development of the finished spore.—The spores, until now rounded or
oblong, very soon assume their definite and characteristic shape and
acquire an envelope. The tail is folded against one side of the spore,
becoming straight only after the rupture of the pansporoblast mem-
brane, which latter persists a rather long time,

! Biitachli for M. miilleri; Balbiani for M, cllipsoides (see pp. 218, 223).

% Not rarely, especially in Myzobolus ellipsoides, 3 to 8 capsules are found., The
constant association with each of a nucleus shows that their formation takes place
in the usual manner. In this case the [pan]sporoblast without doubt incloses an
abnormal number of nuclei. Sometimes it even seems probable that a single spore is
formed instead of 2 (Thélohan). [It would be oxceedingly interesting to nscertain
whether in these cases the number of rejected nuclei is correspondingly less.
Unfortunately, at present nothing is known on this point.]

3 Thélohan Lere romarks that in a preceding work (Compt. Rend. Acad. Sci. Paris,
1889, cix, pp. 920-1, and Annal. de Microgr., 1890, 11, p. 210) he considered these nuclei
as Lelonging to the sporoplasm and attributed to them a different origin, an error
which a study of the development has rectified,
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THE SPORE.

The myxosporidian spore always consists of at least 3 structures, viz:
a shell, one or more capsules with filament, and the single mass of
sporoplasm. In Myxobolus (p. 207) there is also sometimes present a
fourth structure—the tail.

Pfeiffer! regards the myxosporidian spore as the equivalent of the
individual falciform germs (sporozoites) of the Coccidia.

THE SHELL.

This was noticed by even the earliest observers, who commented upon
its most prominent features, viz: its extreme transparency and resist-
ance to the strongest chemical reagents. Creplin® was the first to
observe the separation of the valves after prolonged immersion in
water. It is extremely probable that the shell substance is the same
throughout the whole group, as we find the constant shell characters
to be the micro-chemical ones, variation appearing to be rather struct-
ural than chemical. This substance is thin, very transparent, insolu-
ble in the strongest acids and alkalies in the cold, certainly in some,
and probably in most species destroyed by (soluble inf) concentrated
sulphuric acid at its boiling temperature;® usually with little affinity
for staining reagents. The shell possesses a minute pore (or pores)
for the exit of the spiral filaments.

Two types of shell are (provisionally at least) to be distinguished.
These are the bivalve shell, and a type in which no bivalve structure
has been detected.

The first type comprises 2 subtypes, viz: (a) plane of junction of
valves coincident with the longitudinal plane; characteristic of Myxo-
b°lu8; and (b) plane of junetion of the valves perpendicular to the
longitudinal plane; characteristic of the Oystodiscide and the Chloro-
myxide,

The second type is found in the Glugeide and in Myzxidium lieber-
iihnis,

( Tail.—Confined within and described under the genus Mywxobolus
D. 207),

CAPSULES AND FILAMENTS.

MORPHOLOGY.

Capsule.—Always pyriform, consisting of a thick, elastie, brillian.,
ordinarily opaque wall encompassing a central cavity; wall drawn out

! Die Protozoen als Krankheitserreger, 1891, 2 ed., p. 8.

* Wiegmann’s Archiv. f. Naturgesch., 1842, 1, p. 63.

® Balbiani asserts (Journ. de Microgr., 1883, vir, p. 202) that Loiling sulphuric acid
does not affect the shell. This Biitschli (Ztschr. f. wiss. Zool., 1881, xxxV, p. 634)
denies, stating that strong heating with sulphuric acid "destroys entirely tho shell
Substance, My own experience With several species tallies exactly with that of
Biitschii,
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anteriorly into a duct which pierces the shell near its anterior extrem-
ity, affording exit for the filament. Wall usually taking (sometimes
retaining, sometimes yielding up upon washing out) stains, especially
the nuclear. Thélohan! considers the substauce composing the capsu-
lar wall identical with that forming the shell, as both stain in the same
way with safranin. From this view I must dissent, as in my experience
not only the optical character, but also all the prominent staining re-
actions, differ. In particular the capsules are uniformly opaque, the
filaments never being visible through them, even in glycerin, while
the shell is transparent in the highest possible degree. Ifurther, in
Myxobolus macruirus (other species were not tried) bismarck brown and
fuchsin each stain the capsule without even tinting the shell.

Two reagents render the capsular wall transparent, thus permitting
the filament to be seen coiled in sitw. The first is iodine water (solu-
tion with potassium iodide). This reagent also causes extrusion of the
filaments, sometimes even in alcoholic specimens (pp. 85, 120). The
second is strong ammonia water. I have never seen it produce extru-
sion of the filament.

Biitschli? and Balbiani® have observed that when the filament
is extruded there is (‘“‘as in the thread cells proper”, Biitschli) a very
marked diminution in the volume of the capsule, from which Biitschli
infers that such extrusion is produced by the pressure of the stretched
elastic capsular wall. '

This may be the cause of filament-extrusion, but might it not equally
well be interpreted as the result of such extrusion or, more properly,
as a co-result with the latter of a general increase of intrasporal pres-
sure? However this may be, it seems very probable that the filament-
extrusion which takes place under the influence of such energetic dehy-
drants as sulpburic acid, glycerin, etc., is merely a physical effect,
the result of the intense intrasporal endosmotic pressure. Thus in
several species (among others, Myxobolus tramsovalis) sulphuric acid
produces a pronounced swelling of the spore, extrusion (even in alco-
holic specimens) of the filaments, and finally the expulsion of the cap-
sules bodily, under an evidently great pressure. It can not, however,
be denied that the action of iodine water is not thus explicable.

Filament.—Exceedingly tenuous, attached at its proximal extremity
to the capsular wall, free at its distal extremity; usually coiled into a
spiral; in this condition entirely inclosed within the capsule cavity.
Capable of uncoiling and of extrusion (via the capsular duct) as a semi-
uncoiled or a fully uncoiled (nearly or quite straight) thread whose
length may be many times that of the spore. That the semiuncoiled
condition is merely an intermediate stage between the fully coiled and
the fully uncoiled condition, and is not a specific character, is shown

! Annal. de Microgr., 1890, 11, p. 207.
% Ztschr. f. wiss. Zool., 1881, xxxV, . 636.
3Journ. de Microgr., 1883, viI, p. 204.



THE MYXOSPORIDIA, OR PSOROSPERMS OF FISHES. 85

by the occurrence of both in the same species under the influence of
sulphuric acid. The other reagents which tend to produce filament-
oxtrusion are caustic alkalies, hydrochloric and nitric acids, ether,
glycerin, boiling water, mechanical pressure (e. g., the rolling of a
mass of spores in an insufficiency of fluid, under the cover-glass), etc.
Asnoted by Biitschli,! the extrusion in the latter case is apt to be more
or less abnormal.

Concerning filament-extrusion in preserved material, Thélohan?
8ays:

After the action of alcohol upon the spores the filament remains in the capsule
and it becomes impossible to make it go out. .

While not usual, extrusion does sometimes oceur with alcoholic speci.
mens, a certain (rather small) proportion of the spores emitting their
filaments under the action both of sulphuric acid and of iodine water.
In my experience the filaments appear usually not to have much affin-
ity for staing; the capsule where stained, always shows a markedly
lighter center. Kolesnikoff, however, found them to stain in Myxobolus

kolesnikovi. .
HOMOLOGY AND FUNCTION,

The capsules were first observed by Miiller (see p. 241), who consid-
ered them the embryos. '

In 1852 Leuckart ® regarded these structures as fat globules. Hesays:

Also, they [the spores] contain seme plain granules of a fatty quality, which are
diutinguished through their eonstant location in one or both poles.

In 1863 Balbiani* discovered the filament and its capability of extru-
8ion, Regarding the spore as an adult cryptogam, he assigned to the
filament the role of an antherozoid.

In 1875 Schneider® remarked that—

As regards a resemblance between the falciform corpuscles and the polar organs of
the psorosperms of fishes, it is impossible for me to find it. * * * The fulciform
corpuscles are not such sacks occupied by & slender filament rolled into a spiral.

Commenting upon Balbiani’s views, Leuckart says:§

The signification of the elements is unknown, but it may be safely admitted that
Balbiani’s view, which sees therein an antherozoid, is without foundation. Perhaps
1t i8 to be regarded as an attachwment apparatus.

He further remarks that a comparison of the capsules with the falci-
form corpuscles is excluded by Lieberkiihn’s and Balbiani’s observations

of the exit and ammboid movement of the sporoplasm,

!Ztsohr. f. wiss. Zool., 1881, XxxxV, p. 635; see Myzobolus miilleri, p. 219.

?Anual. de Miorogr., 1890, 11, p. 207.
S Archiv. f, physiol. Heilkde, x1, pp. 434-5.
4 Compt. Rond. Acad. Sci. Paris, Lvix, p. 169. This discovery haa since been con-

Qirmed by numerous observers.

8 Archiv. de Zool. Exper., Paris, 1V, pp. 548-9. Ihave not seen a distinotly asserted
comparison between the capsules and the falciform ocorpuscles to which this could
Tefer, but such & comparison is implied by Leuckart’s parallelism of Myzidium (1)
. 102 (Archiv. f. physiol. Heilkde, 1862, x1, fig. 21 b) with thelspore from the testicle
of Lumbrious. -

*Die Parasiten des Menschen, 1879, 2 ed., p. 247,
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Upon the same subject Prof. Biitschli! remarks that:

Balbiani’s view that thoy [the filaments] represent male fertilizing elements com-
parable to the antherozoids of the cryptogams, may be entirely rejected, as, apart from
the general improbability of this view (which, moreover, is not further supported by
actual observations), there are, at present known, no vegetable spermatozoon-like
organisms whose structure permits of comparison with these nematocystoid polar
corpuscles,

Prof. Biitschli® regards the capsule as comparable to the nematocysts
of the Ccelenterates, This view is, he says, supported by its develop-
meut, the filament being originally in the extruded condition and only
subsequently becoming retracted and coiled.? Further Biitschli re-
marks that: ‘

One might suspect that the capsular filaments serve for the attachment of the
spores to other fishes or to the food of the same.

Taking the two together, I interpret Prof, Biitschli’s meaning to be
that morphologically they are nematocysts, but that here they function
differently.

Replying to the preceding criticisms of his theory, Balbianit says:

‘This 1ast observer [Biitschli] compares with reason these filaments to the urticat-
ing organs or trichocysts of the Cowlenterates. But, knowing the signification of
urticating organs, I admit that I do not well understand in what way these organs
can serve psorosperms which are completely immovable and do not nourish them-
selves, for one knows that the trichocysts have for their object ouly the paralysis of
prey in order to render its capture more easy.

And further, among other repetitions of his theory, he says:

We have, in effect, here, all the phenomena of sexual union (rapprochement); first,
the embrace (rapprochement) of two individuals; then the presence of a female
element, the sarcodic globule, becoming free at that moment; and, finally, filaments
which I have compared to antherozoids. In a word, the process recalls involun-
tarily to the observer a cryptogamic sexual generation. But these interprotations,
although emitted with reserve, have drawn upon me on the part of Louckart and
Biitschli asevere criticism. These authors prefer to compare them to urticant organs.
One ¢an respond by atking them what would here be the physiological signification
of urticant organs, which are offensive or defensive woapons. What would be, in
these organisms, their role and utility? At all events the phenomena in question
deserve to be studied anew. I was then as much, if not more, in the right to
consider them as antherozoids, than Leuckart and Biitschli to make of them urticant
organs, We had, I believe, equal roasons, the German observer and I, to sustain our
interpretation.

Curiously enough Balbiani shows no indication of abandoning his
antherozoid theory (on the contrary it is further elaborated by the
designation of the sporoplasmas the ¢ femaleclement”), notwithstanding

1 Ztschr. f. wiss. Zool., 1881, xxxV, p. 638; Bronn's Thier-Reich, 1882, 1, p. 603.

2 Bronn’s Thier-Reich, 1882, 1, pp. 599, 600.

3 Biitschli’s own observations for the Myrosporidia. The same very probable for
Hydra (Jickeli, Morphol. Jahrb., vi, p. 373). Without assigning any reason, Lutz
doubts Biitschli’s observation (Centralbl. f. Bakt. u. Parasitenkde, 1889, v, p. 87).

+ Journ. de Microgr., 1888, vi1, pp. 204, 277, 278.
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the fact that at the same time he practically abandons® his view of the
adult nature of the ¢ psorospern.”

Kunstler and Pitres? think that the capsules ¢ appear to be true:
nematocysts.” ,

Ludwig? accepts the Leuckart-Biitschli attachment theory, regard.
ing the filaments as probably organs of attachment. He says that
though little is known as to the conditions under which filament-extru-
sion naturally occurs, spores kept long in water extrude their filaments, .
and adds: '

Probably the filaments sérve for the attachment of the spores, which have reached
the wator through the opencd tumors of the fish, to any living or dead substances

whatever.
Thélohan* comments upon Prof. Biitschli’s view as follows:

Biitschli, after having severely criticisod that idea [Balbiani’s antherozoid theory],
compares them to urticant organs. At the outset, as Balbianiobsurves, one can not
see what could here ba the r8le and the utility of urticating organs, Iurther, the
filament of the polat capsules resomblos bub little those of the true nematocysts;
after their exit they present most often a sinuous aspect, sometimes neatly spiral,
which s far from recalling the appearance of tho urticant filaments which shoot out
abruptly from their capsules and present thomselves under the form of rigid bayonets.

Mingazzini® takes a totally different view from other authors and
one which it is impossible to reconcile with the present cvidence. In
the following passage, besides other errors, the (capsular) filuments are
confounded with certain shell-processcs (ribbonettes) described by Balbi-
ani in Mywobolus ellipsoides, and further Biitschli’s view (given above)
of the function of the filament is curiously distorted: -

Many observers have noted (in treating the myxosporidian spore with various
Teagents) the exit from the polar bodies of a very long filament, which n(?rmu]]y is
coiled within the polar body. As to the signification of this filament various opin-
ions have been emitted. Balbiani thinks that it can serve as the organ of dispersal of
the spore, functioning at the maturity of the latter in a similar manner to the elaters of
the Elaterium spore. Blitsclili expresses the opinion that they can have the signifi-
cation of urticant filaments.® But Balbiani hns further obsorved that in the malure
8pore these filaments are unwound and stand each around either the membrane of its own
8pore or around that of a neighboring 8pore, and supposes that in the last case the fila-
monts have the signification of copulating organs. Agnin, however, Biitschli, not
entirely satisfied with his first interprotation, has thought that the function of urti-
cant capsules for a spore which has & membrane resistant to acids and alkalies, is a
kind of luxury, and that the filaments could serve to attach the spore to other fishes
9" to feed it [itulics my own for errora]. )

From an analysis of the opinions it appears that none of them is entirely satis-
ﬁmtOl‘y, while, in my opinion, from what I have seen of the gregarinoid forms, it
may be assumed that the polar bodies are nothing else than the embryos of the
Myzosporidia, homologous with the falciform bodies of the gregarine and coccidian
8pores, on which view the filument of the polar body would be nothing else than
the tail of the gregarinoid form which remains inclosed in the polar body while

1 Journ. de Microgr., 1888, vIi, pp. 198, 201, 276.

s Journ. de Microgr., 1884, V1iI, p. 474,

3 Jahresber. d. rhein. Fisch.-Vereins Bonn, 1888, p. 83.
4 Annal, de Microgr., 1890, 11, pp. 207-208, ’

s Boll. Soc. Nat. Napoli, 1890, 1v, p. 163,

¢ See above (p. 86).
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the mass of internal protoplasm would represent the residual nucleus (nucleo di
reliquat) of the spore. The homology is demonstrated with all the greater proba-
bility, inasmuch as, as in the gregarine and coccidian spores, the number of the
faleiform bodies is constant with the species, so also in the Myxoesporidia the number
of the polar bodies is coustant in the different species, and the residual nucleus
waonld serve to feed them within the spore and perhaps to determine their exit at
maturity. There would thus be explained what was seen by Balbiaui, viz, the exit
of the polar bodies at maturity without having recurrence to the forced interpreta-
tion of fecundation (which wonld not be constant) or to the unsatisfactory inter-
pretations of Biitschli. We can thus see in the spore of the Myxosporidia all the
parts that are encountered in that of the typical Sporozoa (the Gregarines and Coc-
cidia), and in this way more easily discover the zoologic link which connects these
groups with the Myxesporidia,

Perugia! accepts the Leuckart-Biitschli theory that the filaments
are organs of fixation. He compares them to the long filaments of the
eggs of parasitic Trematodes. This writer has, however, followed
Mingazzini’s error, and confounded the ribbonettes (deseribed by Bal-
bianiin Myxobolus ellipsoides, p. 223) with the capsular filaments.? It is
necessary to direct special attention to this error or we shall soon find
an elaborate table of structural synonymy a necessity. He says:

Balbiani compares them to organs of dissemination such as the elaters of the Equiseti.
Having afterward observed that sonctimes this filament is coiled around another gpove he
saw in them an organ of copulation. ZThélohan asserts that he has observed that many
spores are deslilute of such a filament und evinces an inclination to regard the filamentous
organs as accidental productions(!) [Italics my own for errors.]

Pfeiffer’ regards the filaments as organs of mevement or attachment,
. saying: .
Probably this organ is no thread-cell, but serves for progression or attachment.

He* asserts that these structures also occur with the falciform germs
of Miescher’s tubes, and says that the spores of the Myxosporidia and
Sarcosporidia are, according to his representation, not at all so widely
different from one another. Jurther, inthe desecription of fig. v, he says:

A well-developed falciform corpuscle; to the right the large colorable nucleus; to
the left a noncolorable indefinite body with a beak-like process at the left pole
(thread-cellt),

Thus, in spite of the ungualified statement in the text, there appears
to be no certainty as to the nature of the structure in question. Turn-
ing to the figure, all that can be said is that it is entirely too indefinite
to sustain the weight of the assertion of its capsular nature, against
which view the verdict of “not proven” must be placed.

1 Boll. Scientif., Pavia, 1890, x11, p. 137,

*Théloban has recently pointed out Perugia’s error (Bull. Soc. philomat. Paris, 1892,
1v, p.167). '

3 Die I'rotozoen als Kranklheitserreger, 1 ed., 1890, p. 47; 2 ed., 1891, pp. 17, 132,

4Ibid.,1 ed., pp. 47 (and footuote), 99, plate, fig. v; 2 ed., p.183. It will be noted
that Pfeiffer s8ays nothing of, nor do his figures show, any extruded filaments.
Nothing short of this could be accepted to prove the capsular nature of the body ix
buestion. See also pl. 7, fig. 5.



THE MYXOSPORIDIA, OR PSOROSPERMS OF FISHES. 89

Remarks.—Dalbiani, Thélohan, and Mingazzini appear to assume, as
the basis for their criticism of Prof. Biitschli’s view, that a structure
morphologically a nematocyst must necessarily be urticant in function,
in other words that the terms nematocyst and urticant organ are
synonymous. This assumption is, to say the least, very dubious.

Concerning the homologics of the organs in question it is impossible
to see how, as suggested by Mingazzini, they are to be brought into
comparigon with the faleiform bodies of the gregarine and coccidian
spores, inasmuch as (as noted by Schneider; see p. 85) the falciform
bodies are not in any respects structurally similar to the myxospori-
dian capsules, and further it would seem (as implied in Leuckart’s view
above given) that the homology should lie between the protoplasmic
structure in the one spore, and the protoplasmic structure in the other,
whereas Mingazzini’s parallel is between the protoplasm in the one and
a structure which shows no evidence of such composition in the other,
being apparently destitute of guch characteristic protoplasmic struct-
ures as nuclei, vacuole, ete.

I can not, however, feel much greater confidence in their homology
with the cwmlenterate nematocyst. I can only interpret homology to
mean such correspondence in development and structure as would (upon
the evolution theory) imply descent from a common ancestor, and con-
versely no homology secms possible except in cases where (upon the
same theory) one would be willing to admit such common origin.

In the present case, while the myxosporidian capsule shows a marked
histologic resemblance to the celenterate nematocyst, it presents one
very important difference, viz, that it appears and functions at an en-
tirely different period of the life-history, i. e., it characterizes the spore
and disappears before the adult stage is reached. Add to this the
point cited by M. Thélohan (p. 87), and their (probable) utter uselessness
to the myxosporidian spore as offensive or defensive weapons, and the
parallel is by no means close enough to justify their assimilation to the
nematocysts. The fact that the myxosporidian filament agrees (how
closely %) with that of Hydra in having the filament first extruded and
only subsequently retracted-coiled, does not seem sufficient to prove
the morphological equivalence of the structures, as it might be possible
that this mode of formation is the only one capable of producing the
necessary elastic tension. Further,! ¢ nematocysts” are known in
some mollusks. All these facts render it very probable that these
“nematocysts” have been independently evolved in the different
groups. It may, however, well be a question to what extent of detail
all of these “nematocysts” correspond. _

As regards the function of the capsules and filaments, the only intel-
ligible suggestion that has yet been made appears to be the view of
Leuckart and Biitschli, which sees in them an apparatus for attach-
ment, T can see no basis in the facts for Balbiani’s antherozoid theory,

1 Lankester, E. Ray, 1878, Encycl. Britan., 9 ed., VI, P 108,
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and no evidence in favor of Mingazzini’s supposition that the capsules
represent the embryos, the filaments functioning as flagelle.!

On the contrary everything that we know about the Mymoapomdm
favors the view that the embryo is not the capsule but the sporoplasm,
the presence in it of nuclei, of a vacuole, and of amwboid movements
being quite conclusive. The most probable supposition in relation to
the capsules is that they are accessory and temporary structures whose
function is.to secure attachment and perhaps a certain amount of
motion, for the fulfillment of both of which objects they seem very
well adapted. And it may be noted in passing that nematocystoid
bodies are known which funetion for attachment, as well as those which
function for stinging, ete.?

Before discussing the mode of action of the filaments, a few words
may advantageously be devoted to the relative functions of the spore
and myxosporidium stages. '

(1) Dispersal is absolutely necessary to the species: This dispersal can
take place only by the actual separation of myxosporidian individuals
from one host and their migration to apother, unless we adopt one of
two very improbable suppositions, viz, either that they attach them-
selves to the eggs of the host and await their development or that they
develop in an intermediate host which feeds upon the fish.?

(2) The spore is the means by which such dispersal is effected:* Thus
Lieberkiihn® saw some cysts ‘“lost” and others opeued, their contents
escaping into the water. Also Ludwig and Railliet (p. 228) have
observed the rupture of cysts in situ with escape of their contents.
Thélohan® has seen the same occur with Glugea anomala; and in Myx-
obolus ellipsoides he saw cysts shell out entire and burst.?

! Mingazzini’s description given above implies very strongly this idea as to the
function of the filaments, nevertheless he does not distinctly so state. Compare here
Lieberkithn’s statement (Bull. Acad. Roy. Belg., 1854, xxi1, pt. 2, p. 21) that the
capsules, when extruded with the sporoplasm from the spore, show not theslightest
trace of movement.

$In the body epithelium of the Ctenophora we find peculiar adhesive cells with
uneven and sticky surfaces. Their bases are prolonged into spirally coiled con-
tractile filaments.—(Arnold Lang’s Text Book of Comparative Anatomy, London,
1891, pt. 1, p. 82.)

3The latter mode of change of host, though improbable, is not inconceivable.
Still, everything seems to point toward the view that the whole life cycle from the

-attached spore in one generation to the liberated spore in the next, takes place in the
game host.

+The only place where this view is distinctly stated is the following (Mlle.
Leclercq, 1890, Bull. Soc. Belg. de Microsc., xvI, p, 101):

¢On account of the presence of organs compared to nematocysts, but which seem
rather ¢laters, one can believe that the spore is the disseminating form of the para-
site, and that it can lead for some time a free life in the water.” [Italics my own
for errors.] Here we again see the unfortunate results of the dual signification ox
the term ¢ filament.”

sMiiller's Archiv., 1854, p. 356.

¢ Compt. Rend. hebdom. Soc. Biol. Paris, 1892, 1v, pp. 82—4.

7Annpal. de Microgr., 1890, 11, pp. 203-4. The observation was upon a spore habi-
tant on the tench (Myxobolus ellipsoidest),
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Finally that, in at least one species, dispersal could hardly take place
by the myxosporidium is shown by Biitschli’s observation'® that in
Myzxidium licberkiihnii that structure dies rapidly when removed from
its natural habitat (the urine of the pike) to even “indifferent fluids.”

(3) The mywosporidium, on ' the other hand, i8 the post-embryonic,
comparatively stationary, growth-reproduction stage: There is little
reason to suppose that there is ever any migration from one host to
another during this stage. The evidence all points to the. conclusion
that after (and probably soon after) its attachment to the host, the
valves of the spore separate, freeing the sporoplasm, which thencefor-
ward is known as the myxosporidium. Thus Lieberkiihn, Balbiani,
Pfeiffer, and Perugia have all seen the sporoplasm leave the spore
and exhibit amaboid movements. -

Now, “if this view as to their relative functions in the life-cycle be-
correct; the capsular filaments may conceivably serve in several ways.
First, they may serve as a flagelliform swimming apparatus, a view
that I think quite improbable, dispersal being more probably effected
by currents, etc. Secoud, they may (and this is probably their most
important function) serve for attachment.? '

Further, if it be conceded that, after attachment, motion is necessary
to the spore, the filaments might easily subserve such function cither
by a maximum extrusion, fixation of the tip, and a subsequent coiling-
retraction (similar to that of the Vorticella stem), the spore in this case
progressing ¢ anterior ” end foremost, or by a minimum extrusion fol-
lowed by fixation of the tip and progressive uncoiling-protrusion, the
8pore in this case being pushed ¢ posterior” end foremost. In Glugea
anomala, which has but one filament, 50u long, motion could hardly be
effected in the latter way. But such motion is easily conceivable with
the 2.capsuled (Myxobolus, etc.) spores; and if it were admissible to
Suppose that the final lodgment preliminary to reproduction is ever
effected by the spore and not by the myxosporidium, the latter being
liberated and growing in sitw (a view which, however, the present
evidence tends to negative), this backward motion would be the best
Dossible for inserting the spore under a scale, especially for those species
provided with a tail, which latter structure would form an efficient
guide to such insertion. I incline, however, to the view that the func-
tion of the filament is attachment, and that the motion necessary for
the attainment of a place for reproduction-encystinent is effected by

the liberated myxosporidiun.

! Ztschr. f. wiss. Zool., 1881, xxxv, p. 639,
% Perfoctly consonant with this view is the observation of Biitschli (Ztschr. t. wiss.

Zool,, 1881, xxXV, p. 685) that the filaments are extruded in spores which are pre-
Served a long time in water. Ior we thus see the floating spores ready for instant
attachment to any object with which they may come into contact. A possible cause
for such extrusion might perhaps be found in osmotic pressure (preponderant endos-
mosis from the surrouhdiug water) from within, At any rate, it is difficult for me to
attribute the rupture of the shelled-out cyst observed by M. Thélohan (see p. 221)
to any other cause.
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SProRrRoOPLASM

This was noted (but apparently regarded as a third capsule) by Miil-
ler,! and it appearsinseveral of his figures. Subsequently Lieberkiihn?
observed its exit from the spore and its amwboid movements. He also
notes its visibility within the spore.® ‘These observations have been
confirmed by Balbiani‘ and later by others (see pp. 263, 287).

The sporoplasm is extremely transparent, more or less granular, and
contains nuclei (1 or more), sometimes a vacuole, and, at any rate in
the genus Myxobolus, a variable number of brightly refringent granules.

Nuclei.—These were firstdemonstrated by Thélohan.* Their number
is variable in the same spore, according to the stage of development.
In Myzobolus ellipsoides, Thélohan demonstrated their origin by contin-
uous division from a primitive single one. e further says® that all
species studied by him (with the possible exception of the Glugea species,
in which the small size of the spore prevented accurate determination)
have shown 2 nuelei. This accords with my own observations.

Granules (“ refringent globules,” etc.).—These have been noticed in
several Myxobolus species. They are described under that genus (see
p. 209).

Vacuole.—This structure is of two types: (1) The noniodine-staining
(aniodinophile) vacuole. This is known only in, and forms a marked
characteristic of, the Cryptocystes. It is situated in the large extremity
of the ovoid or pyriform spores and is unaffected by iodine. This
strueture was first observed, but not at that time recognized as a
vacuole, by Thélohan.” Subsequently he recognized its true nature.t
(2) The iodine-staining ({odinophile) vacuole. This is known only in,
and forms a marked characteristic of, the Myzobolide. It is stained by
iodine dark brown against a light yellow-brown ground. This reaction
is best obtained with a dilute solution (aqueous, with potassium iodide).
Further details are given under Myxobolus (p. 208).

.

! Miiller's Archiv., 1841, p. 484, pl. 16, fig. 3 i, k; cf. fig. 5.

2Miiller’s Archiv., 1854, pp. 3534, pl. 14, figs. 7, 8.

3 Bull. Acad. Roy. Belg., 1854, xx1, pt. 2, p. 21,

1Compt. Rend. Acad. Sci. Paris, 1863, Lv11, p. 160.

$Compt. Rend. Acad. Sci. Paris, 1889, c1x, pp. 920-21. For Perngia’s confirmation,
see Myxobolus ? merlucii (p- 242). For Biitschli’s ‘‘nucleus”, see p. 219.

¢ Compt. Rend. Acad. Sci. Paris, 1892, cxv, p. 1092.

7 Annal. de Microgr., 1890, 11, p. 211, pl. 1, tig. 17a, b.

8 Relative to the homology of the vacuole, Thélohan says:

¢‘Is thero any connection between the central vesicle and the rest of segmentation
of the other Sporozoaf A certain fact is that the aspect of the plasmic mass of the
spores of the Myzxosporidia with that vesicle refractory to staining, and the nuclei
dissemunated in the protoplasm, recalls in & striking manner certain phases of devel-
opment of the spores of the Gregarines.”
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EXIT OF THE SPOROPLASM,

This, the last phenomenon of the spore stage, was first observed by
Lieberkiihn,! who described the process as seen in Myzobolus sp. G65.
He also figured it as occurring in M. sp. 44. Gabriel 2 also describes
(butin a somewhat different way, and possibly erroneously) the freeing
of the sporoplasm in Myzidium lieberkithnit, It was also observed by
Balbiani?® in Myxobolus ellipsoides, and recently it' has been confirmed
by Pfeiffer* and by Perugia.® :

Biitschli,’ however, entertains some doubt as to the supposed sim-
plicity of the life-history based upon these observations. His objections
are chiefly that this view leaves no function for the capsules to perform.
Asindicated above, this exit appears only to take place at a (for the

_capsules) post-functional period.
11I.-ZOOLOGICAL POSITION.

Gluge? regarded the spores of Glugea anomala as crystals modified

by an unknown cause. He says: :

1t is known from the researches of M. Ehrenborg that the silvery color of fishes
is produced by a greant number of corpuscles of & crystalline structure and a form
cylindrical and a little rocurved. It appears to me extremely probable, from all
that precedes, that the corpuscles contained in the cysts are only the crystals of the

normal state, but changed by-an unknown causc.

Miiller® regarded the Myrosporidia as agreeing neither with the sper-
matozoa nor with the germs of developing animals, nor with the tailed
Entozoa or Cercaric, and as deviating equally in structure from the
known fungi parasitic upon animals; finally, through their form, struct-
ure, development, specific distinctions, and absence of motion, they
deviate from all known normal aud pathological cell formations. This
observer? bestowed upon these anomalous forms the name of ¢psoro-
sperms,” 1 recalling both the cutaneous «eruption” produced by them
and the resemblance of the tailed spores to spermatozoa.

The credit of first suggesting a definite zoblogical position for the
subelass is due to Creplin.! It will be seen that he was the originator

of what may be called the ¢ gregarine theory.”

Muller’s Archiv., 1854, p. 354; Bull. Acad. Roy. Belg., 1854, xx1, pt. 2, p. 21.

2 Jahres-Ber. schlos. Gos, vaterl. Cultur f. d. J. 1879, Lvi1, p. 192,

3Compt. Reud. Acad. Sci. Paris, 1863, Lv11, p. 160.

+Dio Protozoen als Krankhoitserreger, 1890, 1 ed., p. 47; 2 ed., 1891, p. 133.

5 Boll. Sciontif., Pavia, 1891, X111, p. 23.

¢ Ztschr. f, wiss. Zool., 1881, XXXV, pp. 637-8; Bronn’s Thier-Reich, 1882, 1, p. 595.

7 Bull. Acad. Roy. Belg., 1838, v, p. 776.

®Miiller’s Archiv., 1841, pp. 487, 488.

® Mlle Leclercq (Bull. Soc. Belg. de Microsc., 1890, xvI, p. 100) erroneously attrib-
utes the name to Gluge.

10 Derivation furnished by Balbiani (Journ, de Microgr., 1883, vir, p. 145) as follows:
Ywpa, mange; orepua, soed.

! Wiegm. Archiv. f. Nntprgesch., 1842, 1, pp. 65, 66,
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Creplin says:

Nothing even remotely similar has ever been seen by me in the many kinds o1
small cysts which I have trequently found in the invertebrate animals and have
examined for Helminths. Since, however, I have seen v. Siebold’s fine Contribu-~
tions to the Natural History of the Invertebrate Animals (Danzig, 1839) I believe I
have found something analogous to thom in the organisms discovoered by v. Siebold
in cysts in the small intestine of Sciara nitidicollis, which he terms Navicellw. Seo
ff, 63 and the accompanying figures on Tab. 11 * * * Although some features
may appear to indicate a vegetable nature, the cyst bears distinctive marks of its
animal nature. Cyst formation precedes spore formation, the spores perhaps origi-
nating from the granules seen in the cyst fluid, or perhaps by free formation within
that tluid, or by production from the cyst-wall.

Dujardin® also suggested the correlation of the ¢ psorosperms” with
the Gregarines in the following:

Perhaps it is nocessary to rango with these productions those that ono frequently -
observes in the testicles of Lumbrici.

In 1851 Leydig? developed the gregarine theory at somelength. In
brief, his reasons were as follows:

On him they made the impression of gregarine-like bodies and he knew no woighty
reason against this view. They consist of roundish vesicles or vormiform tubes
with a delicate membrane, and semi-fluid contents with granule masses. Fre-
quently they appear as if a special membrane had not yot been soparated from the
contents, in which cage the gregarinoid bodies have in contour somewhat the ap-
pearance of segmentation spheres. ‘The fact that thuy only show granules does not
contraindicate their gregarine nature, nor does the absence of motion, as slight
mouvtons might have been present, and further in some Gregariues niotion cannot
always be detected. Further, all who have studied the Gregarines unite in regard-
ing the spores (Navicellenbehilter) as proceeding from the Gregarine. But any une
who has compared the pseudonavicellws and the psorosperms will certainly admit
tho conclusion that the navicellw, Miiller’s psorosperms, and the forms discovered
by him in the diseased air bladder of Gadus callarias form one series, the diffevent
members of which are related as the genera of a family.

Further Leydig, having, as he believed, demonstrated the Gregarines
to be life-stages of Filaria-like nematodes,’ says (pp. 232-233) that the
Myzosporidia of the plagiostomes can perhaps also be brought into
unison with these views, by similar connection with the round Filaria-
like nematode which he found in the blood of several plagiostomes
and in the parenchyma of various abdominal viscera (especially in the
spleen-pulp) and rarely in the blood of the umbilical cord of ewmbryos
of Mustelus lavis.

Leuckart, in 1852, accepting Leydig’s view that the Gregarines
were developmental stages of nematodes, regarded the ¢“psorosperms”
as forming similar developmental stages, this view being based upon

1 Hist. Nat. des Helminthes, 1845, p. 645.

8 Miiller's Archiv., pp. 226-228.

s According to Mingazzini (Boll. Soc. Nat. Napoli, 1890, 1v, p. 162, footnote 2) these
filarioid forms aro referable to Trypanosoma.

¢ Arch. f. physiol, Heilkde, x1, pp. 434-6.
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the great similarity between the spores and the pseudonavicelle. He
says: :

For the further fate of our psorosperms it is not without interest to observe that
they frequently occur free in the bile passages, while on the contrary they are no
longer to be found in the intestinal canal, in which they, however, incontestably
arrive, May they not here develop directly into those round worms which we not
rarely encounter in the intestinal canal of these fishes.

Charles Robin was the first to assert their vegetable nature. In his
Histoire Naturelle des Végétaux Parasites (Paris, 1853, pp. 291-2, 321),
he collected descriptions and figures of nearly all the previously
described specids, placing them (as a special tribe, the Psorospermee)
under the Diatoms. He says:

Several facts have convinced. mo of the vegetable nature of these bodies. These
are the entiroly peculiar aspect of the species! that I have had under observation;
the definite rupture of the coriaceons cells of which they are composed; the pres-
ence upon some of special opercles; their contents partly homogencous, partly
formed of drops of oil in suspension in u clear liquid; the solubility of the walls,
which often oceurs in concentrited sulphuric acid in the manner of cellulose (although
they are wot colored by iodine). Like Miller and Rotziug * * * T believe that

these vegetables approximate by their form and general structure to the Diatoms,
Navioula and Melosira, etc., although they differ in the absence

of silica in the walls. * * * Like the Diatoms they can live either free or
reunited into colonjes. * * * Although it is probable that the species described
below will one day form at least two geners, * * ¥ I shall unite them provision-
ully [under one genus.] :

Lieberkiihn? in his first paper expressed the opinion that the ¢ pso-
rosperms” could not be, as Leydig supposed, Gregarines, inajsmuch as
they possessed no nucleus. In his second paper® he again rejects -
Leydig’s view in so far as the innominate form (Gen. incert. sp. 12) found
by him under the skin of Gasterosteus aculeatus is concerned, saying
that:

"This-mode of origin [the process of spore formation] is so peculifzr t?mt wo cer-
tainly can not reckon such formations among the Gregarines. Their size, absence
of structure, occurrence in water, the importance for reproduction of the granules,
and the observed young stages, all give rise to opinions but not to certain knowl-
edge, .

Further, it is doubtful, he says, whether any Gregarine lives in
water, whereas in all probability the psorosperm animal does, and
attaches itself to the skin merely for reproduction. That the ¢ psoro-
Sperms” are not ameebe is indicated by his failure, on careful inves-
tigation, to find any of them capable of taking up foreign bodies into
their substance. Also, he was never able to find an ameba which had
just attached itself to the skin preliminary to reproduction. He con-
cludes by saying that his researches on the parasites of fresh-water
Sponges promise to throw light on this subject, as he has there found
large psorospermiform bodies consisting of small and large globular

amoung other forms to

1 Pgorospermia sciena-umbre Robin (see p. 166).
s Miiller's Archiv., 1854, p.5.
s Ibid., pp. 357-367.
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heaps, amebiform corpuscles of the same size with precisely similar
granules, which corpuscles protruded processes of various form, and
finally much larger formations, containing, simultaneously, both fine
granules and psorospermiform structures which, moreover, showed
movements similar to those of the ameb:e.

Myzidium lieberkiihnii is, however, referred to the Gregarines. The
presence of a membrane is not regarded as a character indispen-
sable to the definition of a Gregarine, inasmuch as in the earthworm
there exist forms possessing all the other characters of true Grega-
rines (viz, a similar nucleus, the same form and size of granules, the
same albuminoid substance, and the same manner of’ movement), and
also other forms showing a plain but proportionately smaller nucleus,
no demonstrable membrane, and none or only extremely fine granules,
These forms possess amaboid movements, without, however, having the
ability to take up into their substance foreign bodies or coloring mat-
ters. These characters permit of their classification under no other
group than the Gregarines. Whether they represent young stages of
these or special species is immaterial. This much, however, is clear:
the nondemonstration of a structurcless membrane does not exclude
them from the Gregarines. The samme may be said of the failure of
demonstration of a nucleus, as either it may exist in spite of such fail-
ure, or it may be destroyed by the manipulation preliminary to exam-
ination, or it may be present at some other period of the life-history.
Further, the opinion has been several times expressed that nonnucleated
Gregarines exist. May they not rather be amambe? TFrom these
organisms they are delimited by their inability to take up into their
substance undissolved solid particles.

In 1863 Balbiani ' expressed a decided opinion in favor of their cryp-
togamic nature and, regarding the spore as the adult organism, assigned
to the filaments th(, function of antherozoids, a view which he supple-
mented in 1883 by the designation of the sporoplasm as a ¢ female ele-
ment.”? He further considered the ¢ elastic ribbons” of Myxobolus ellip-
sotdes comparable to the elaters of the Equisetum spore and supposed
that, in addition to effecting valve separation, they serve to maintain
the contact of two individnals during what he considered a state of
conjugation. These views he reaffirmed in 1866,

In 1875 Schneider ¢ placed himself on record in opposition to the
current theory of the close relationship between the Myxosporidia and
the Gregarines, saying that:

One knows that, under the name of Psorosperms, there have been united (rather

by reason of tuxonomic necessities than by the coirdination of positive data and
sufficiently precise elements) four things, (Gregarines, Myzosporidia, Sarcosporidia

1 Compt. Rend. Acad. Sei. Paris, LvII, pp. 157-161.

s Journ.-de Microgr., vii, p. 278.

3 Journ. Anat. et Physiol., 111, pp, 600-602.

4 Archiv. de Zool. Expér., Paris, 1v, pp. 548, 561, and Nates et Revue, pp. XL, XLI,
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and Coccidia), which it, is necessary, at least until further information is obtained,
to regard as distinct. .

He further says that he fails to see any homology between the
myxosporidian capsule and the falciform bodies of the gregarine spore.
Giard (see p. 170) suggests that the relation of the “psorosperms?” to
the Gregarines may be parasitic and not genetic; Lithocystis schncideri

is regarded as a vegetable.
In 1879 Leuckart! recorded his opinion against the gregarine nature

of the Myxosporidia, remarking that:

It appears, however, scarcely permissible at present to nnite these psorosperm-sacs
with the Gregarines, not merely becauso they lack the shell-wall which surrounds
the grogarine spore (I’scudonavioellan-Bch.c‘illcr) but still more because the formation
of the psorosperms begins at a time when the organism is still more or loss removed
from its maximum size, nnd such formation progresses thence during the whole of
the subsequent existence. What is divided with the Gregarines into two successive

bhases falls with the psorosperm-sucs into one.

In several papers? Gabriel refers the ¢ psorosperms” to the Myxomy-
cetes. In his myxosporidian paper® (upon Myzidium licberkiilnit) he
says that— '

Tho Myxosporidia can not be Gregarines, as thoy lack (1) the definite typical form,
(2) tho differentiated membrane, (3) the nucleus, and (4) the monosporogenetio
centers, Iurthor, thoy possess the following nongregarine characters: (5) the
Mmanifold peculiar protoplasmic movements, (6) the “thread-dmwing” substance,
(7) yellow pigment, (8) vucuoles, (9) polysporogonotic centers. The importance of
characters 1 to 4 demands the separation of tho Myxrosporidia from the gregarine
Phylum. Further, while Lieberkiihn’s opinion that a membrane is not .essont.ial to
8 Gregarine might Lo admitted, the essontiality of a nuclous is less easily waived,
and the fact remains that no Gregarine is kunown which simultaneously lacks both
of these structures. Little satisfactory when considered alone, characters 5 to 9

confirm the myxomycetoid affinities of the Myzosporidia, as they are analogous to

PR n e b
many exelusively myxomycetoid characters. Moreover, in Lieberkiihn’s time many

Subsequently discovéred myxosporidioid, myxomycetous, and mycetozoan characters
Were still unknown. . Ls .
Too much stress should not be laid upon the absence of pigment in gregarine
8pocies, although it is not concealed that the presence of: Pi.g"“’“t' (yellow, brownish
Yellow, dark brown, blackish brown) is highly churactemstw‘of the Myxomycetes.
The Myzosporidia are, therefore, to be annexed (not subordinated) to the Myxomy-
Cotes. The fuct that they do not display typioal myxomycete characters must not,
however, bo ignoved. Though unearly allied to the sume phylun, they ave phyloge-
Netically of more recent date und represent & small, sharply defined group, intcrine-
diate betwoen tho Myxomycetes and the Grogarines, originating by progressive

adaptation to restricted and new life conditions.

!Die Parasiten des Menschen, 2 ed., p. 245.
*Tagell. d. 51 Versamml. d. doutsch. Naturf. u. Aerzte, 1878, pp. 51, 52; Tagebl.

d. 53 Versamuml, etc., 1880, pp. 82, 83; extracts, criticism, ctc., Zool. Anzeiger, 1880,
111, p.572; Zoolog. Jahresber., 1880, I, p. 161; Journ. Roy. Miecr. Soc. London, 1882, 11,,
Pp. 358, 359.
3 Jaliresber. schles. Ges. vaterl.. Cultur f.d.J. 1879, Lvi1, pp. 188-195..
F Q92 1
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In 1881, as the result of an extended study of both Myrosporidia and
Gregarines, Biitschli! expressed his opinion substantially as follows:

That the relation between the Myzosporidia and the Gregarines is no very inti-
. mate one is shown both by the structure of the myxosporidiunr and by that of the
spore, and also by the mode of spore formation. In the lagt two respects the Myxospo-
ridie can e compared with the Grogarines only in the most general way. ‘There are,
indeed, some observations (o. £., the dubious one of Clapari-de’s on Monocystis capilata
Louck., and that of Gabriel on a Gregarine of Julus, the latter, howover, too incom-
plete to serve as a basis for theoretic conclusions) which render a nonencysted
(perhaps also au endogenous) spore formation in certain Grogarines not improbable.
The possession in common of bivalve and tailed spore shells is an unimportant
similarity. Above all, we have every right to regaril the capsules as o character
especially indicative of the Myzosporidia, and of these no aregarine spore has so far
shown & trace, the two bodies found by Schueider in the Adelea spore being searcely
to be paralleled with them.

"These conditions [the capsules] of the myxosporidiau spore spouk just as strongly
against a close connection between the Myxosporidic and the Myxomycetes, as tho
spores of the latter possess no structures comparable to the myxosporidian capsule.
The pigment found in a fow Myxvsporidia (Myxidium lieberkiihnii, ete.) i8 not to
be compared to that of the Myxomycetes, us it is not of myxosporidian but of
extraneous origin. Naturally, the Myxomycetes, especially in the simplest forms,
show in their partly peculiar endogenons spore formation o certain similarity to the
Myrosporidia, but such a similarity also exiats betwoen the Myxomycetes and certain
Rhizopoda. Among the lattor the Myrosporidia secm to possess some special relation
with the interesting Pelomyza, inasmuch as the Intter possesses a great number of
small nuclei, aud in addition it is probable that it produces endogenously chlamydo-
spores, which, however, show no trace of capsules. Further, m the determination
of the systematic position of the Myrosporidia stress should be laid upon the cap-
sules. KFrom everything that we know they are comparable only to the thread cells,
which latter are exclusively animal structures which recent investigations lave
shown to be present in the Protozoa. I donot conceal that this criterion, like tho
other barriers which have again and again been raised between the animal and
vegetable kingdows, mnay be erected only to be overturned through more penetrating
research.

In 1890 Pfeiffer? unites into his family «Sporidien ” the Myzospori-
dia, Microsporidia, and Surcosporidia. He says: :

As n trapsition to more dangerous parasites are next to be made known the Sarco-
sporidia, of which Miescher's tubes in the transversely striped muscles of the warm-
blooded animals are already known to physicians, but which are also found exactly
similar, only with differently shaped spores, e. g., in the flesh of the barbel.

Spore formnation has, he says, no constancy, traunsitions being found
towards more highly developed forms and also toward the lower mem-
bers of the Sporozoa. Thus in the tench fully developed forms are
found only upon the branchix: and in the air-bladder. In the gall
bladder and the cysts on the splenic artery, spore types are found which
form, step by step, transitions to the simple pseudonavicells of the
Gregarines and to the structureless ovoids of the microsporidian cysts
of Bombyz, Daplnia, etc., and to the condition observed in coccidian

| Ztschr. f. wiss, Zool., XXXV, pp. 648-650; also Bronw’s Thier-Reich, 1882, 1, pp.

601-603.
2 Pie Protozoen als Krankheitserroger, 1 ed., pp. 25-27,42, 48, 4.
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infection of epithelium. The typical myxosporidian spore-form is
accordingly not of such preéminent importance. Turther:

Whether the ditferentiation of the Sporidia, heretofore principally based upon the
structure of the spore, will permit itself to be maintained is n matter for zoologists.
The following investigntions show too ofton how little stress is to be laid upon this
mark alone, and what variations occur_through adaptation. .

Compared with the Gregarines, the Myzosporidia show their lower
position by the lack of constant body form.

. In the second edition of the same work (1891, pp. 7,8, 10) he reduces
his family Sporidia to the ranik of a subfamily of the family Coccidia.
He regards the “psorosperm” as a resting spore, and says it may be
the equivalent of the individual falciform germs of the Sarcosporidia,
The capsules, he says, also occurin the sarcosporidian spore (see p. 88),

The following is, I think, a fair summary of the evidence: .

The Myxosporidia differ from the remaining Sporozoa in the multi-
nucleate ameebiform adult, the pansporoblastic spore formation, and
especially in the capsulate spores, which never contain falciform germs.
At the same time the consensus, and I believe the evidence, favors
their retention in the Sporozoa, of which they form a rather aberrant
Subclass.

As réga-rds the relation of the Myzosporidia to the Myxomycetes, is
there any evidence that the myxosporidium is a plasmode? In the
diagnosis of the myxomycete plasmode the following are the most
important points:

(a) Actual observation of plasmode formation by fusion of individuals.
Now, not only has this never been seen' in the Myzosporidia, but the
multiple nuclei of the myxosporidium are known in several cases to
(and in all probability always do) originate by the division of the primi-
tive single one.

(b) The presence of various shades of red, brown, or black pigmnent.
This has never been seen in the Myzosporidia. All pigment there found
appears to be of extraneous origin.?

Add to this the differences in the methods of spore formation (and
Particularly the fact that spore formation in the Myxosporidia does not
terminate the life cycle) and the further fact that, as Biitschli remarks,
no known myzomyecete spore has any structure comparable to the

! Of course it may hereafter be found, but it will be time enough to approximate

the two groups when it is found.
Even if its existence were demonstratod (and, from sarcosporidian analogy, Pfeiffer

Togards it only as probable), the process described by Pfeiffer (Die Protozoen als
Krunkheitsorreger, 1 ed., 1890, p. 34; 2 ed., 1891, p. 108; see also p. 227) in the
muscles of the barbel could not possibly bear this construction, as the myxosporidium
fusion here described is not zoologic, but secoudary to conmon inoﬁ.psulation, and
is rather comparable to fusion of abscesses and ovarian cysts, where the adjacent
Walls disappear from pressure-atrophy, or otherwise,

This fusion process under pressure Lias also recently been observed by Korotneff
(8ee p. 188). ’

® This statement must perhaps now be qualified; see pp. 77,277,
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myxosporidian capsule, and the evidence against the myxomycete
theory becomes very strong.

IV. DISTRIBUTION.

I‘rom the practical standpoint there is no more important branch of
the subject than the conditions under which the growth of the parasite
takes place. Closely related to these conditions is its distribution as
regards host and organ, space and season.

ZOOLOGICAL DISTRIBUTION.

The following table includes all the doubtful and true Myzosporidia
(species 7 to 102) arranged zoologically by hosts. This arrangement
reveals a few correlations between the taxonomic relations of the host
and those of the parasite.
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ORGANAL DISTRIBUTION.
ORGANAL DISTRIBUTION OF THE GENERA AND SPECIES.

Perugia! remarks that there is a marked difference in seat between
the Myxosporidia of marine and those of fresh-water fishes. In marine
fishes they occur principally in the gall bladder, while in fresh-water
fishes their organal range is much wider. The finding of cysts on the
branchiz of the marine genus Mugil (see p. 213) rather corroborates
than contradicts this view, inasmuch as these fishes ascend rivers for
a long distance, and those which yielded the myxosporidian eysts also
yielded a Trematode of a genus peculiar to fresh-water fishes, viz, Tetra-
onchus vanbenedenii Par. & Per.

The organal distribution of the Myxosporidia is very extended. The
following points are of special interest, and comprise the principal
anomalies of distribution not covered by the tables below.

Nervous system.—No species have ever been reported.

Testiclee—No species have ever been reported, a fact which,? consid-
ering their frequency in the ovary, is very surprising (cf. the presence
of ¢ Myxosporidium” bryozoides on the spermatoblasts of Alcyonella
Jungosa; sce p. 187).

Superficial tract.—General similarity of conditions, histologic struc-
ture, and fauna justify the fusion of the general surface, skin, scales,
the branchi, the eye,and the air bladder into one tract. The charac-
teristics of this tract are principally the predominance of connective
tissue, and (?) a relatively larger supply of oxygen (see p. 224).

Air bladder: Only two species are known from this seat. Both of
these occur in Cyprinide, in which the bladder communicates freely
with the intestine, and hence presumably contains oxygen. This fact,
the histologic similarity, and the fauna suggest very strongly the pro-
priety of including the air bladder in the external tract. The species
are Gen. incert. sp. 15 and Myazobolus ellipsoides.

Intestinal canal.—They would appear vo be very rarehere. I am not
aware that any species has ever been reported from the lumen, the
nearest approach to it being one (Mywidium? sp. 102) from the bile-
ducts. And yet such a species as the last must almost certainly find
its way into the intestine; probably, however, as separated, single
spores, very difficult to find. In addition, Myxrobolus ellipsoides and
M. sp. 51 (the latter from the wall), and finally Gen. incert. sp. 17
(which, however, mnay or may not be myxosporidian) occur on, orin the
intestine.?

1Boll. Scientif., Pavia, 1890, x11, p. 139.

2 As remarked by Thélohan (Annal. de Microgr., 1890, 11, p. 197).

3The fact that M. ellipsoides and M. ap. 51 are, of all the Myresporidia, the species
having the widest organal distribution, should not be lost sight of in considering
their presence in unusual seats,
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Liver (exclusive of gall bladder and ducts). But two species are
known here, and these are the two which have the widest organal
range, viz: Myxobolus ellipsoides and Myxobolus sp. 51.

Kidney.—In only a few instances has any distinction been made
between the stroma of the kiduey and the tubules, It seems, however,
Dot improbable that, as regards organal distribution, a distinction
8hould be made, and the tubules be regarded as a part of the hollow
fluid-filled urinary tract, the stroma forming a solid counective tissue
Seat. The following occur here: .

“Kidney”: M. piriformis, M. brachycystis, M, miilleri, Myxobolus sp.
51, M. # sp. 65, M. diplurus. ,

Renal tubules: Myxobolus brevis, M. medius, Okloromyzum (8S.) elegans,
C. (8.) ohlmacheri. -

8plecn.—This organ has furnished: Myzxobolus piriformis, M. brachy.
cystis, M. Ellipsoides, M. sp. 51. ‘

Ovary.—From this are known: Myxobolus miilleri, M. sp. 51, M.
brevis (2 hosts), M. medius (2 hosts), M. ¢f. crepling, Chloromyxum (8.)
clegans (2 hosts), C. sp. 91,

EBxcretory tract.—TFor purposes of organal distribution, the gall and
urinary bladders should be considered together, as they present prac-
tically identical environmental conditions, both being internal (which
means a uniform temperature) and both being fluid-filled. To these
cavities may perhaps be added, as exhibiting similar conditions, the
bile-ducts and the renal tubules.

If, now, we consider this tract as a whole, we find that its rieh and
Peculiar fauna stands in strong contrast to the species inhabiting the
remaining organs. Tor we find absolutely confined to it the following:
The Chloromyzide except only Chloromyzum dujardini, the Oystodiscide,
except the insecticolous Cystodiscus #f diploxys, and the Myxidiide.
Besides these, only the following species oceur in this tract:

(a) Inthe gall bladder: Genus incert. sp.9, “Myxosporidium” congri,!
Myzobolus? merlucii?

(b) In the renal tubules: Mywobolus brevis, Myrobolus medius.

In the following table all the species—47 in number—whose generic
Teferences are fairly certain and whose seats are known, are compared
as regards their organal distribution. The unit adopted is the oceur-
rence of 1 myxosporidian species in 1 organ of 1 host. The number of
8uch ¢ gceurrences ” is shown for each species by the Roman, and for
each genus by the Arabic numerals.

!8pore unknown (genus? See pp. 110, 182).
% Generic reforence, in the almost entire absence of u description, by no means

Certain,
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Gonera and species.

i Myx:

sp.incert ........
ap.incert ........
oblongus
linton
trangovalis ...
strongylurus
Jonurus.....
macrurus
ef, lineari
schiznrus
oviformis
miilleri

8p. incer
ulobosus. ..
8p. incert
Hnearis
psorospormicus ..
ellipsoides
piriformis
cf.croplini.........o....
brovis

mediug
diplurus........... ceaean

Total *‘occurrences
of vacuolate species.
Chloromyxum:
(S.) dujardini............
(S.) elegane..............
(S.) ohlmacheri..........
{ncl]siun; ..................
LT ] o] PN
fluviatile
nmucronatum........ eees
Ceratomyxa:
L3 LT ¢ WA
agilin. i,
appondiculata
sphrerulosa .ooeee........
Cystodiscus:
jmmersus..
Sphicromyxa:
LEETLIES 3 ¢ SR
jdium:
incurvatum....... cemeens
lisberkiihnii ...
sp. incert

Total “occurrences'' of
nonvacuolatespecies.

S
2
g‘;
g
£
17
.| Glugea: .
destruens..e..oeveeenn... 27
. AVOINIIG ceveceiiarneennns 28
.| Pleistophora: .
. typicalis. ..ooooeiieiol.. 29
Thelohanin:
contejenant ........i.allL. 30
ocumporn . 31
giardl........ 32
MACroCystis «overernmen.. 83
Myxobolus:
koleanikovi.....cacuee ...| 81

* 4 Kidney.” As no distinction Las been wade betweoen tho kidney stroma and the tubules, these 4
oases are, as mp‘nrds the presont discussjon, indeterminate.

t As rogards t

16 prosont question, it matters not whether oventaally this specios provos to be n

Myzidium or to belong to sowe other of the genera with capsules in two separated groups, us all of these
geuera are nouvacuolate.
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These data may be summarized as follows:!

Specioss of Phiono-
cystea compared.

Species.*
VﬂCLll(l;ill;to. Vaouolate.
Conflned to excretory tract 14 0
Cowmon to both traots ........... 1 2
Limited to nonexcretory traots 1 22

Number of

‘‘ocourrences.’
s*Qocurrences.” Non-
vacnolato | Vaouolate.
specios.
TOtRl™ . eeeeenaecenaraacasasnacasssanaoscscsesens 37 44
In excretory tract 3:4! 43
In nonexcrotory tract. ...eccececencecnrecnne

ocies and occurrences, and the somowbat

. . -1
e omitting the Ao o K tasobolus e liipgoides in tho gall bladder.

questionable occurrence of Myzo olus ¢
ORGANAL DISTRIBUTION OF THE VACUOLE.

ove table it will be seen that the range
the organs is a wide one, but that it
hat of the Chloromyxide, Cystodis-

From an examination of the ab
of the genus Myzobolus throughout
is almost strictly complementary to
cidw, and Myxidiide. o

The real significance of these peculiarities of organal dlstrlbl}tlop
lies, however, not so much in the peculiarities of generic-organal distri-
bution, interesting as these are, as in the fact that these limits .of the
distribution of the genera in the organs almost exactly coincide with the
limits of the presence of the iodinophile vacuole in the subclass, nearly all
of the nonvacuolate Phanocystes being confined to the excretory tract,
while nearly all the vacuolate Phanocystes are absent from this tract.

Two questions immediately suggest themselves:‘

1. Is it possible that the function of the vacuole is here even remotely
shadowed? The constancy of the vacuole in the spore and the incon-
Stancy of vacuoles ( ? genetically related) in the myxosporidium would
8eem to indicate that it functions during the spore stage. One sup-
Dosition which suggests itself is that in some way it might subserve
Oxygenation, but it is more probable that it serves as a food reservoir
for the sporoplasm (cf. Thélohan’s comparison of its micro-chemical
Teactions with those of glycogen; p. 208). Unfortunately the origin of
the structure and the phenomena of its disappearance after the exit of
the sporoplasm have not been worked out.

LIf the dubious occurronce of Myzobolus ellipsoides in the gall bladderbe exoclndod

28 not proven. In any case the exceptionally wide organal range of this species
should bhe considered in estimating the value of its occurrence in unusual seats.
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2. Are the present generic references of some species correct and are
their structural characters accurately determined? While at present
the force of analogy is not so absolutely overwhelming as to justify a
positive assertion, I strongly suspect that species of genera now inde-
terminate will ultimately tend to range themselves in accordance with
the lines indicated: i. e., that specics inhabiting gall bladders (Perugia’s
“ Myzosporidium” congri, for example) will be found to be referable to
nonvacuolate genera.

GEOGRAPHICAL AND SEASONAL DISTRIBUTION.

Out of 76 species of hosts and 96 forms of Myxosporidia (true and
doubtfnl; species 7 to 102) localities are known for only 27 species of
hosts and 19 forms of Mywosporidia, and many of the localities are so
vague that they amount to little. In the hope that future descriptions
will supplement this glaring deficiency, a table is given showing all
the localities and dates of collection heretofore reported.

The condition of the data as regards season is even worse than that
referring to locality. Even an approximate date of collection is known
in only about 25 per cent of the forins, and yet of all classes of data
this is certainly one of the most important. Many of the statements
are general in the extreme (c¢. g., “summer”), and in not a single instance
has the temperature of the water been recorded.

Geographical and seasonal distribution,

3
Locality. Date. Host. . Species. @
2]
Asin:
EIrlisob .............. May,June...... Perca fluviatilis ..ceeae... Myxobolus sp. incert ..... 68
rope:
Russia— ;
Don ecveennnnnnn... Firat of winter, | Stizostedion lucioperca...| Myxobolus sp. incert ..... 61
May, Junc.
Germany— i
Near Kiel* ........ (usterostous xwulontuu Gen.incert.8p............ 22
Exact loeality 7 . ..; Carnssius carassius....... Myxobolna sp.incert ..... 56
Weser......... . ..| Lucius lucius............. Myxldmm lioberkithnif...| 100
Elbe.... | P [ 100
Rhino ; B 100
Do Barbus barbus 51
Saar.. el s PN .{ 81
Do —.2| Lucius Incius .....000000 \l) xidimmn lieberkiihnii...l 100
Morel. ..| Barbua barbus........ ... Myxobolus sp. incert .....] 51
Germa \ ..| Stizostedion lucioperea ...| Myxobolus sp. incert ..... 61
Do O 1 S ....| Louciscus rutilus. ..| Chloromyxum dujardini ..} 92
Do. May, “ .| Myxobolus cycloides ..... 68
May 8, 1875,
Jan. 31, 1839.
Do.ceeannn.... May,June...... Myxobolus sp. incort ..... 66
France:
Roscoff ccoaen...... Mnr.15 to Nov. | Palwmon serratus........| Thelohania octospora..... 31
15 nd max.
July 15to Aug
DOceconnoncna]eiiiiiiiaiiiiia. Onus tricirratus.cce.e.. .. Spheromyxa balblanii....| 89
) August, 1892....j...... l ............. - Cerntom'y xa arcuata...... 84
................... . Xxidium incurvatum ...| 101
Onu» mnou]n.tus . lr heromyxa balbianii....| 99
Crenilabrus nwlops .. xobolus miilleri.......| 46
Blennius pholis........... Myxidium incurvatum ...| 101

* The mention of this locality affords the only chance of an inforential correlation of this form with
soms one of the others known to live on the same fish.
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1

Geographical and seasonal distribution—Continued.

11

Locality.

Date.

Europe—Continued.
Franco—Continued.
Roscoff

Concarneau

Le Croisio

Seule River
Marne River..

Department of -

Doubs.
Valéry-au-Caux....

Vilaine, at Rennes.
Boulogne ..........

Italy:
Mincio,nearVerona

Mediterrauean Sen)’
(1 near Cagliari,|

Tsland of Sar-
dinia; See Miil.
ler's Arohiv,
1851, p. 223).

Burope (unknown lo-
calitics).

Africa:
Nile ....ceenn.nn

North Amorien:
Masaschusettn: At.
lantic, at Woods
Holl.
Now Jerney: Noar
Woodbury.

Virginia: Four-mile :

Run (tributary Po-
tomac River), near
Carlins.

North Carolina: Kin-
ston.

mnbir.

Mississippi: Tribu. ;

taries
Do
Texas: Neches River,
14 1miles east of
Paloatine.
owa: Storm Lake. ..
Tilinois: Sycamwore,
De Kalb County.
Ohio: Black River,
Lorain County, 6 m.
above Lake Erie.
South America:
Guians ......
Surinam

ox River.

South American riv- |.

erI'H.
Do..ceannnnn een

Brazil (1 locality). ...
(2 localitles) ..

Aug. and Sept.,
1802,

Mar. 15 to Nov.
15; ad Imax.
July 16 to
Aug.31.

Sopt., 1892

Mur. 15 to Nov.
15; ad max.
July 15 to
Aug.31.

Aug. and Sept.,
1892,

Ang., 1801

Ang., 1891

L Aug., 1800 ......
April, May
Boginning of

Fobruary, 1802
May, June
March 14, 1837..
Aug 13, 1800...

i Ang. 20, 1888;
T Aug. 1, 1892,

June 29,1802....

Nov.24,1801 ....

Aug. 23,1800....

Sept.. 1892; July,
3

1843.
Sopt. 1,1890;
Oct. 5,1891.

Hoet.

Species.

Lophjus piscatorius

Ceratomyxa appendicu-
lata,

Syngnathus mquoreus .. ..
Palwwmon serratus

Dasyatis pastinica........
Blennius pholis...........
Palemon rectirostris

Lophius piscatorius ...... \
Phoxinus phoxinus....... :
Barbus barbus
Astacus fluviatilis

Galeorhinus galeus
Galeus muatelus )
Teuciscus orythrophthal-

1

mus.,
Crangon vulgaris

1
1

1
| Palemonetes varians ...

|

\
* Leptocephalus conger

Seyliorhinus eanicala. ...
Squalus acanthins
Squatinn squatina

(Coregonus fern .
Lucius luciug..ccoennvnne.

Acerina ceTnua
Merlucius meriucius

Labeo niloticus
Synodontis schal

Cyprinodon variegatus...
Aphredoderus agyanus ...

Phoxinus funduloides . ...

Erimyzon sucetta oblon-
gus.

O soae cscsecccescane

.do

Ameinrus melas
Bufo lentiginosus .

i Tholobania octospora

‘Torpedo torpedo......o...
+ Gen. incert. (“ Myxospori-

.! Myxobolus macrurus

Myxidium incurvatum ...

Coratomyxa agilis........
Myxidium incurvatum ...
‘Thelohania octospora

Ceratomyxa appendicu- |-

lata.
Myxobolus ap. incert ......
do

o
Chloromyxum dujardini..

Thelohania giardi

Thelohania mnacrooystia ..

Chlor:

1y xum loydigii. ...

1
o

djum’') congri.

.| Myxobolus zachokkei ....

Myxobolus cf. creplini. ...

Myxolmh;s achizurus.....
Myxobolus creplini. .

Myxobolus merlucii

Myxobolus unicapaulatus
Myxobolus strongylurus .

Myxobolus lintoni

Myxobolus monurus

Myxobolus transovalis ...

Myxobolus oblongus

Myxobolus globosus
do...... cretirenneans

RN U TR cenen

Myxobolus oblongua

.| Myxobolus of. linearis....

Chloromyxumohlmacher!.

Gonus incert.8p .ceeeee-e-

Pseudoplatystomna fuscl.
atum.
Bufo agua
Cystignathus ocellatus...

Cystodiscus immersus. ...
do

| Species
No.

62
62

62

54
75
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V.—CLASSIFICATION OF THE MYXOSPORIDIA

Although several times previously authors had proposed generic
names (apparently merely becausé the forms looked quite different, and,
if we may judge from the absence of even a single generic definition to
support any of the generic names, probably without any clear idea of
the direction of generic lines) the first serious attempt at classification
of the subclass was made by Thélohan? The following is Thélohan’s
primary classitication: -

Myzxosporidians.

Pyriform; capsule 1, at puinted extremity; vacuole 1, } 1. Glugeidians.
aniodinophile, at large oxtremity.

Cnpsules 2.. II. Myzidians.
No vacuolo; capsules

Spores .. 2 or 4.

Form variablo.... Capsules 4.. ITII. Ohloromyzana.

Vacuolel, iodinophile. Capsules 1-2. IV. Myzobolans.

The 3 priuciples laid down by him as a basis for classification may
be thus summarized:

1. The habitat furnishes no sound basis for specific distinctions.

Here the following judicious eriticism by Thélohan may be quoted:

Beyond the difference of their habitaf, Perugin mentions no other characters
which enable him to distinguish spocifically the orgunisins that he has observed.
But the habitat can not serve as a criterion, for, in addition to its being a fact entiroly
removed from the morphologic, histologic, and developmental characters of the
parasite, it frequently happens that the same form lives at the expense of very dif-
ferent hosts, and, besides, 2 myxosporidiau habitually parasitic on one particular
host can accidentally invade a different specios.

The conditions under which the parasite is encountered can not better be taken
as a distinctive character, for the same species can present itself under very difter-
entstates; for exninple, under tho form of small, well-circumscribed tumors, or an
irregular infiltration of the tissues.

There is little to add to this, except the hope that it may succeed in
directing future investigations toward the parasite rather than the
host.

2. The myxosporidium-affords no taxonomie criteria.

The myxosporidium exhibits characters that aro too nearly identical and too little
contrasted to serve as bases for specific determinations. It is, however, possible
and sdvantageous to take account of it, especially in the forms living free in the
internal cavities, in which forms its differentiations are much more marked.

3. The spores alone (at least in the present state of our knowledge)
offer characters suitable to serve as a basis for classification.

By noting the differences of form and size of these elomeonts, the number of thoir

1 The classification given below has already been published as a preliminary note
in the Bulletin of the Commission for 1891 (x1, pp.408-412). The present discus-
sion contains everything there given with some amplifications,

3 Bull. Soc. philomat. Paris, 1892, 1v, pp. 165-178.
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Polar eapsules, by taking account of the presence or absence of a vacuole in the
plusmu, of their number in the [pan]sporoblasts, one can, I beliove, succeed in
obtuiuing eloments sufficient for an attompt of this kind.,

And further:

I do not pretend to give a final classification of theso organisms; I have wished
only to furnish a means, aprovisional means, for assigning to the species that may
?)c discovered, a place in accord with their affinities; and above all I have wished,
if not to terminate, at least to diminish the confusion which results from the arbi-
trary aud vague manner in which all species have beon designated; a confusion
Which I have only too often had occasion to recoguize since I huvo studied these
Parasites, and whiel I believe adds a serious obstacle to the progress of our knowl-
edge in their direction.

Upon the above extracts no criticism is needed. As far as they go
they express exactly the conclusions at which I had independently
arrived,

In any case, there can be no question as to the propriety of drawing
a trenchant line between the ‘“Glugeidians” of Thélohan, and the
remaining Myrosporidia. This primary division (foreshadowed as early
a3 1890 by Thélohan)! can not, however, rest upon so comparatively
Unimportant a character as the outline of the spore. I have regarded
1t as of ordinal value, defining the two orders thus:

L Cryptocystes. Myzosporidia in which the pansporoblast produces
Inany (at the fewest 8) spores; the last minute, without distinet sym-
metry, with a single capsule; type (and only) family, Glugeide,

Etymology: xpunrés, concealed; xoarts, capsule.

II. Phanocystes. Mywosporidia in which the pansporoblast produces
few (at the most 2) spores;? the last relatively large, with distinet
Symmetry and 2 or more capsules;® type family, Myaxobolide.

Etymology: gaiw, I appear; xbores, capsule.

Thélohan subdivides the Phanocystes* thas:

2 oapsules. II. Myzidians.
No vacuolo: 2 or 4 capsulos..... {4 capsulos, TII. Chloromyzans.

1 iodinophile vacnole; 10r2oa!‘*} __\: ,,,,,,,, IV, Myzobolans.
sules.

While the structure of the sporoplasm is of the utmost importance
and the presence or absence, and the micro-chemical reactions of the
Vacuole are undoubtedly its most important taxonomiefeatures, to obtain

! Ho says (Annal. de Microgr. 11, p. 203): )
‘It is nocessary to distingnish in the Myzxosporidia two types of spores; the onoof

8inall size, always ovoid, and deprived of polar capsules; these Gluge discovered in
the stickleback. The others, with which the authors have principally occupied
themselvos, are distinguished Ly their more consideruble size, the different forms
Which they present, and by the prescnce of capsules,”

# Throe assertod in one spocies by Leydig (Mitller’s Archiv., 1851, p. 229).

3 Except Myxobolus unicapsulatus and M, piriformis. This qualification is omitted
by Braun (Centralbl, f. Balkt. u, Parasitenkde, 1884, xv1, p. 86).

*For the classitication of the Cryplooysies, soe p. 190,

F 0 92 8
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a satisfactory classification ot the order it will be necessary to utilize
additional characters, in particular those conuected with spore topog-
raphy and spore symmetry. This brings us to a consideration of the

SYMMETRY OF THE MYXOSPORIDIAN SPORK,

Considering the importance of the presence or abseuce of symmetry
throughout the animal kingdom, it is strange that no atteution has
heretofore been paid to this feature of the myxosporidian spore. These
bodies exhibit four varieties of symmetry, viz:

1. Absence or obscurity of symmetry.—This is found in the Cryptocystes.
Antero-posterior symmetry is certainly absent; bilateral and supero-
inferior symmetry (or asymmetry) obscure,

2. Bilateral symmetry (symmnetry around the vertical plane). Present
in all genera of Phanocystes except Ceratomyra,' which is asymmetrie
as regards the position of the sporoplasm.

3. Supero-inferior symmetry (dorso-ventral symmetry; symmetry
around the longitudinal plane).—This is the rule in the Phanocystes,
but as no attention has been directed to the detection of asymmetry,
it may be that it is present in a few species. It certainly forms a
striking feature of Myxobolus macrurus, in which the differentiation of a
dorso-ventral axis is perfectly plain. Ifurther, the supero-median cornu
extends farther forward than the inferior median cornu in several (all
examined by me) Myxobolus species, furnishing another indication of
this differentiation and a clue to the homology of the superior and
inferior surfaces in difterent spores (see pp. 122, 235).

4. Antero-posterior symmetry (symmetry around the transverse plane).
This type appears to be characteristic of, and confined to, the genus
Cystodiscus, in which antero-posterior symmetry is equally present,
whether we regard the extremities of the spores as (anterior and pos-
terior) ends or as (right and left) wings. .

The importance, for classification, of a study of spore Symmetry is
soon seen. Employing the knowledge thus obtained for the purpose of
orienting the spore, we find that the characters of greatest taxonomic
value are:

1. Spore topography.—Thus in Myzxidium lieberkiiknii the presence of
bilateral and the absence of antero-posterior symmetry show that the
two pointed extremities of this spore, heretofore, like all other pointed
extremities, loosely termed “ ends,” do not correspond to anterior and
posterior, but to right and left. On the other hand the “ends” in
Cystodiscus appear to represent ends sens. strict., i. e., to correspond
to anterior and posterior.

' With thefurtherexception of two Myzobolus species (M. unisapsulatus with only1l
capsule, and M. inequalis with 2 unequal capsules), which, on account of reduction
of characteors, have suffered a corresponding loss of the porfect symmetry character-
istic of the genus. To make the exception absolutoly complete, M. strongylurus may
be added (see p. 249),
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2. Position and grouping of the capsules.—Compared to these all-
important characters, the mere number of the capsules is of minor impor-
tance. TFor, not only does the same genus frequently show 1 or 2,2 or
4, but the number may even vary in the same species, as (apart from
the entively anomalous casc of Myxrobolus ellipsoides, where ¢ accessory”
capsules may develop) Myvidiwn lieberkiihnii shows sometimes 2 and
Sometimes 4 capsules.! But what is never varied in the same genus
iS the topographic relation of the capsules. Thus in Myzobolus, while
0 number they may be éither 2 or 1, they are never arranged otherwise
than in one group, or placed otherwise than at the anterior end, and
similarly in all the other genera. In Myxidium the capsules are 2
or 4, but whether 2 or 4, they are always in two groups at the right
and left extremities of the spore. Also in Cystodiscus they are 2 or 4,
but always in two groups, which, however, are probably anterior and
Posterior in position (see . 278).

In the following table I have plotted out the principal characters and
indicated their relations to generic lines.

Comparison of generic characters in the Phenocystes.

[X =present; 0:=absent; ()==1less usual; —==oondition not known.)

Sym- Capsulos. Shell.
metry.

Inclination of

LY
2 p]mwtor‘ jnlmo-
3 . two groups. tion of valves
] E ES  1n group to longitudinal
£ 5 a5 plane.
B | = 85 .- — -
gl . B At the | pnoeng | "
g E 8 o |(anterior| iy | 2 o oo, | S
3 < 2 58 |and pos- | gy lest) | @ B
] 5 terior) | oy |2 ERR
) Q& & | & ouds. ) N1
¥_ S R R
MU“‘{bahu Biitechli sens.
8rict

..................... 0
o llfmncguya Thélohan ..! 0
‘oromyzian Mingazzing. 1o
[y2zosoma Tholohan...| 0

) vheerospora ‘I'héloban.| 0
fratomyza Théloben ..... 0

/ itodwcuaLntz ........... X
Alp ®roinyxa Thélohan.....|.... e
Yxidium Biitschl........ 0

Kre X XXX X

oo ocooXX
o, occcooXo

X

* From annlogy and genoral similarity of appearance, this genus can hardly Lo other thanbivalve,

0. (5.) olimacheri. :
+Imperfoot. Shell and oapsules symmetrical; sporoplasm unilateral.

From this table we may conclude that—

1. Henneguya agrees with Mywobolus in every respect but one, the
Presence of a tail. (See also p. 206.)

2. Thélohan’s groups, “ Myzidifes” and ¢ Chloromyzxées,” must undergo
Tearrangement (see table below); for clearly Chloromyxum, Myzosoma,
and Spherospora form a compact group, with which Myridium has no
character of consequence in common except the absence of a vacuole.

‘Ba.l{)_iuﬁi, 1883, Journ. de Microgr,, Vi1, p. 274, fig. 649,
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3. Spherospora and Myxosoma do not differ at all in the characters
given (the distinction between these unispecific genera resting solely
upon the outline of the spore), and the two taken together present only
a single character in contrast to Chloromyxum, viz, the number of the
capsules. They may therefore be fused as a subgenus of Chloromyxum.

4. Ceratomyxa agrees sufficiently closely with Chloromyzum to permit
its reference to the Chloromyxidee.

5. Cystodiscus is certainly entitled to separate family rank. To it may’
be provisionally approximmated Spheromzya, it having the capsules in
two groups and a bivalve shell. (Compare carefully p. 278.)

6. Myxidium must form the type of a separate family, the entirely

_different position and grouping of the capsules forbidding its reference
to the Clloromyxide.

The following table shows the relations of Thélohan’s classification
to the one now proposed:

THELOHMAN'S CLASSIFICATION.

Fusiform, 1capsuleat each extremity, Myzidium,

Elonﬁnmd; shell formod of two hollow.cone valves

2 capsules: Myxidians. Spores suldered along their bases. Ceratomyza.
No vaocu- Flattened-ovoid, more or Jess clongato. Myzosoma.
ole,2 or 4
capsules. l Spherical. Spheerospora.

4 capsules: Chloromyxans....... Ohloromyxum.

1 jodinophile Destitute of a tail; capsules 1 or 2. Myxzobolus.
vacuole; 1 or%Myxobolnns. Spore-shell . g

2 capsules. With o tail; capsules 2. Henneguya.

PROPOSED CLASSIFICATION,

GENUS. FAMILY. CHARACTERS.
Myziditum cceeaceeaen-- Myzidilde. ....... Bilateral but not antero.posterior symmetry;
capsules in two groups right and lett; no bi-
Vu{vo shell; no vacuolo.
Oeratomyxa .coeceeacess Bilateral but not untero-posterior symmotry;
capsules in ono group (at the anterior end); a
Ohloromyzum, et sub. | » Ohloromyxide...| bivalve shell, with the valvo-ijunct,ion plane
gen. Spherospora (in- perpendicular to the longitudinal plane; no
cluding Myzosoma). vacuole.
Myzobolus ..ceeenean.. Bilateral but not antero-posterior symmetry;
capsules in one group (at the anterior end); a
Myzxobolides...... bivalve shell with the valve-junotion plane par.
allel to the longitudinal plane; an iodinophile

vacuole.

Bilateral and antero-posterior symmetry; cap-

sules in two groups, anterior and posterior; a
Oystodiscida. .. .. bivalve shell with the valve-junction plano per-
pondicular to the Jongitudinal plane; condition
f Spheeromyza.......... - of sporoplasm unknown.
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SPECIFIC CHARACTKRS.,

. Spore-form: This is a somewhat variable character, e. g., clliptic
ul;ores, varying in breadth; nevertheless, considerable dependence may
: u‘?l!]y be placed upon it:

Tail: I have elsewhere (p. 207) indicated my belief that the presence
of a tail is a good specific character. The length of the tail relative to
that. of the body (candal index) will also prove useful.

Ridge index: As the width of the ridge bears a very constant ratio
to t::he whole widih of the surface of which the ridge forms a part, this
Tatio is a good specific character, especially as it often differs markedly
In different species. . '

Capsular index: This is a character of great constaney, and hence of
uch taxonomic value.

Nuclei: The presence or absence of the pericornual nuclei has proved
Cconstant in several species examined by me (see p. 210). The position
of the remuining nuclei is inconstant.

v1.-PATHOLOGY.

Pfeiffer says! that myxosporidian infection is characterized by the
he nuclei of the infected cells, the infection of
and the attacking of all the elemental tissues
f those of the nervous systemj
is unconnected with
considering how the
ly diseased cattle

Tapid disappearance of t
. the red blood corpuscles,
?f the host, with the possible exception o
fllrther, through the early spore formation which
any external evidence of maturity. And, further,
lood parasites of Ewmys. Lacerta, birds, and of malarial
a_‘“d men,emnploy the blood-corpuscle membranes as protective coverings
for their naked bodies; also, that the youngest myxosporidia, just
out of the spore shell, attack the red blood corpuscles; and, further,
that the Myxosporidia spare 1o organ or elemental cells (the nervous
System possibly excepted), the destructiveness of this group of para-
Sites must be recognized to be very great; and, farther, that the para-
Site withdraws directly or indirectly @ large quantity of blood from the
Ost, is shown by the heematoidin erystals found in all myxosporidia.
‘Inally, a cachexia, comparable with the cancerous cachexia of the
Warm-blooded animals, is produced.

By a reference to p. 187 it will be scen that Korotneff observed in
thfs'I?O]yzoan, Aleyonella fungosa, svbstantially the same process that
. 'Ptelﬁ'er records in Lucius lucius, viz, an intracellular development dur-
g the earlier myxosporidium stages.
_ Mode of infection.—Leydig? remarked that an organisin like Gen.
eert. sp. 4. could pass with the blood current into the various organs,
eftect a lodgment, become encysted, aud give rise to the ¢ psorosperms.”

2 ed., 1891, p. 185,

;Di(} Protozoen als Krankheitserreger, 1890, 1 ed., pp. 48-49;
Miiller’s Arehiv, 1851, p- 229
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Lieberkiihn! believed that such ameboid organisms attach themselves
to the skin for the purpose of reproduction. Ludwig? thinks that the
greater frequency of occurrence on the gills indicates a greater ease
of infection through this channel than via the alimentary canal. Also
he says:

The lymph channels of the connective tissue appear to represent the principal
paths throngh which the parasite spreads itself further through the body.

He, however, fails to give any actual evidence in favor of this view.

Pfeiffer ® says:

The common occurrence of the Myxosporidia in all organs presupposes o distri-
bution vie the circulation, a mode demonstrated by the infection of the red blood
corpuscles.*

Effects.—Upon this Balbiani® has the following:

Unlike the Gregarines and the Coccidia, the psorosperms spread themselves through
alost all the organs, the deep as well as the superficial, the skin, splcen, kidney,
air bladder, and even the heart and ovary. They are also found in the cells of the
urinary tubules, and in the young Graafian follicles, which they transform into &
pocket filled with psorosperms. As at the samne time they increase with great rapid-
ity, it results that animals thus infested present grave diseases and may even dio.
Certain morbid states of fish ought without doubt to be attributed to the AMyrospo-
ridia. Such is the case of that Merluche® observed by J. Miiller and which was
remarkable for an extraordinary emaciation. I have myselfofton seen roach, tench,
and other fishes reduced by these parasites to a cachectic state characterized by a
decoloration of the tissues, destruction of the red blood globules, and angmentation
of the white globules; a veritable leucocythremia. It is not, then, surprising that
this disease can cause great ravages among fishes, above all in the young, which are
most often affected. Neverthcless this cause is not usually noted as among those
which destroy fishes. This is easily explained; when tho disease reigns attempts are
first made to explain it by macroscopic causes and ordinarily it is the worms which
are accused. This was the case in the epidemic of tho tench inthe étangs of Dombes;
it was the Ligules which interfered with digestion and the fishes died of inanition.
Microscopic causes are not the ones most frequently suspected. I believe that more
frequent seurch would reveal microscopic lesions capable of explaining the mortali-
ties of young fish, particularly those living in marshes and in aquaria.

Upon this point M. Thélohan * remarks that these parasites are gen-
erally well borne, but that sometimes the tumors may cause death by
pressure effects, e. g., he saw a cyst in Gasterosteus aculeatus produce
fatal pressure upoun the heart.

The principal extensive epidemics have been those involving tho
barbels and the crayfishes (see pp. 197, 231).

1 Miiller’s Archiv., 1854, p. 357 (sce als® p. 185).

2 Jahiresber. d. rhein. Fisch.- Vereins, 1888, pp. 33-4.

3)ie Protozoen als Krankheitserreger, 1890, 1 ed., p. 48,

4TPor the latter see p. 288.
. 8 Journ, de Microgr., Paris, 1883, viI, pp. 280-281.

o1 have elseshere noted this error (p. 172). The fish in question is Gadus morrhua
and not Merlucius merlucius.

7 Annal. de Microgr, 1890, 11, p. 203,
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VII.-MICROSCOPIC TECHNIQUE.

JThe older observers used no reagents beyond acetic acid, potassium
hy(!mte, etc. Biitschli! was the first to nse a staining reagent. He
“believed that wlum carmine stained nuclei in the ectoplasm. The
first observer to emjloy modern technique was Henneguy.®? Subse-
Quently Thélohan® employed similar technique, and Pfeiffert devotes
8ome space to the technigue of protozoan investigation. Finally Hen-
neguy and Thélohan ® give a few additional remarks upon this subject.
The following is a summary of the methods recommended: Fixing
and bardening preferably by chromic or osuic acid or both (Perenyi’s
or Flemming’s liquids ¢) or corrosive sublimate solution. Washing out,
dehydration, paraffining, sectioning as usual.  Affixing to the slide by
Mayer’s albumen. Where alcobol-fixed material is the only kind avail-
able, much may be gotten out of it in the way of study of the spore.

Dissociation (1 per cent osmic acid solution; Ripart and Petit’s liquid)
shows certain facts better than the section method.

Sections are necessary to determine the scat, and, above all, to
follow the different stages of development. :

Culture in the blood (overhanging drop method) is recommended by
Pteifter for the study of development. )

Stains:? For aleobolic specimens, carmine; above all other forms
hydrochloric acid alcohol carmine is very reliable. For chrom-osmium
(and may be tried on alcoholic) specimens, especially gentian violet,
double stain with the violet by eosin. Safranin, by Henneguy’s
method,® evinces an electivity valuable in the study of development
Where we have to do with the most complex phenomena of cellular life
under circumstances in which the small size of the elements renders
observation extremely difficult. The sections must be decolorized in
clove oil for a very long time. Small stellate-grouped masses of crys-
fa]s, which are often pfecipitated and whose presence is very annoying
In the subsequent study of the section, may be casily- removed by sue-
Cessive alternate washings of the latter in chloroform and bergamot oil.

Valve separation: Most certainly effected by sulphuric acid (cold,
Concentrated).

i Vacuole: Best shown by very
lodide).

dilute iodine water (with potassium

! Ztsehr. f, wiss. Zool., 1881, XXXV, p. 632.
* Mém, publiées Soc. philomat. Paris 1'Oceas. Centen. Fondation, 1888, p. 165.

3 Annal, de Miorogr., 1890, 11, p. 196.

Die Protozoen als Krankheitserreger, 1891, 2 ed., pp. 19-24.
b Amnal. de Microgr., 1892, 1V, Pp- 620-621.

® Also Klsinenberg’s liquid (Hennoguy, 1888).

"Henneguy (1888) also nsed picrocarmine.

®Journ. Anat. et Physiol., Paris, 1891, XXVII, pp. 398-400.
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Filament extrusion: Most certainly produced in the fresh state by
strong sulphuric acid, iodine water, glycerin, nitric, hydrochloric,
acetic, formie acids, alkaline hydrates, boiling water, ether, ete., espe-
cially the first two. In alcoholic specimens, also, occasional spores
extrude their filaments under the action of sulphuric acid or iodine.

VIII.—DEFINITIONS.

Anterior (and posterior): There can be no question that the longitudi-
nal diameter is the antero-posterior axis of the body. The discrimina-
tion of anterior from posterior is,however, in theabsenceof cephalization,
impossible. I have followed custom in calling the sharper, capsular end
“anterior,” and the opposite rounded end ¢ posterior.”

Capsules: The pyriform, hollow, filunent-containing bodies charae-
teristic of the myxosporidian spore (“twinned. vesicles” of Balbiani;
“polar capsules” of Biitschli). ¢Capsule” ig preferred to ¢ vesicle” on
account of greater definiteness, and to “polar capsule,” as the situation
implied by the latter is not constant.

Cornua: The pointed anteriorly projecting extremities of the sporo-
plasm. They are infero-, and sapero-lateral, and infero-, and supero-
median., (See also Surface, superior, p. 122.)

Diameter, longitadinal: The line formed by the intersection of the
longitudinal and vertical planes. ‘

Diameter, transverse: The line formed by the intersection of the
transverse and longitudinal planes.

Diameter, vertical: The line formed by the intersection of the verti-
cal and transverse planes.

Ducts: The ducts into which-the capsuleis drawn out anteriorly and
which serve for the exit of the filaments.

Ends (of the spore): The median (anterior and posterior) extremities
in contradistinction to the wings.

TFilawents: The filaments which lie coiled within the capsules. The
« capsular filaments,” ¢ spiral filaments,” and ¢ coiled filaments” of the
authors. Notto be confounded with the ribbonettes.

Host: In the usual sense; see also Seat.

Myxoplasm: The protoplasm of the myxosporidium,

Myxosporidium: The ameboid -adult stage; Mutterblase, Leydig.

Paunsporoblast: see Sporoblast.

Pericystic space: The space apparently empty (preswmnably fluid-
filed) surrounding the capsules.

Plane, longitudinal:* Horizontal and percapsular, passing through
both capsules and the sporoplasm, aud dividing the spore into a supe-
rior and an inferior portion.

1 For brevity and clearness these plines are defined as if rectangularly arranged
alout the conter of the Myxobolus spore, the latter being supposed to be viewed ‘‘ on
the tlat.,”
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Plane, transverse:! Vertical and (usually) post-capsular in position,
dividing (roughly) the spore into a capsular (anterior) and a sporo-
Plasmic (posterior) portion.

Plane, vertical: Longitudinal and intercapsular, passing between the
capsules and through the ends of the spore and the median cornua of
the sporoplasm, and dividing the spore into a right and a left half.

Posterior: See Anterior.

Protocysts: The two smaller segments of the Myvobolus sporoblast,
which ultimately form the capsules.

Protosporoplasm: The larger segmeut of the Myzobolus sporoblast,
Wwhich ultimately forms the sporoplasm. _

Ribbon: The shell processes described by Balbiani in Myzobolus ellip-
80ides (see pp. 223).

Ribbonettes: The terminal subdivision of the ribbons, termed
“filamonts ? and confounded with the capsular filaments by ‘some
writers (see pp. 87, 88, 263).

Ridge: Theridgeor “welt” which extends around the circumference,
and marks the line of junction of each valve.

Ridge index: The ratio of the width of the ridge to the total width
of the surface on which the ridge is situated.

Seat: This term invariably denotes the organ or part of the body in
which the myxosporidian is located (see also Host).

Sporoblast (and pansporoblast): This term was first used (in the
Myzosporidia) by Biitschli? for the transparent spherical globule formed
by the condensation around one of the nuclei, of a portion of the sur-
rounding myxoplasm. The spherical globule so formed subsequently
Segments into two hemispheres (see p. 81), each of which gives rise to a
Spore. Now, Balbiani,? and Thélohan,* and Henneguy and Thélohan,®
apply the term sporoblast to the two hemispheres. Turther, Pfeiffer®
uses the term sporoblast as a synonym for the whole sporing myxospori-
dium. This latier use of the word should, I think, be unhesitatingly
Tejected as having no warrant in analogy. By the advice of Dr.C. W,
Stiles (who has specially studied the equivalence of this and several
other terms™), I have followed the lead of Balbiani and Thélohan in
Testricting the term sporobiast to the segments (the two pelnisl)lleres
above mentioned) formed by the division of the primitive sphere. For the
latter (the sporoblast of Biitschli) the term pansporoblast is here used.

! Equatorial plane of Lutz, 1889, Centralbl. f. Bakt. u. Parasitenkde, v, p. 86.

2Bronn’s ‘Thier-Reich, 1882, 1, p. 596. He says : ‘“Sinco the spores originate from
the Plasma globules, we may convoniently term them xporoblasts.” Compare also an
exceedingly obscure sentonco in Biitschli’s next paragraph,

3Journ. de Microgr., Paris, 1883, v11, p. 275.

*Compt. Rond. Acad. Sci. Paris, 1890, cx1, p. 693.

® Annal. de Microgr., Paris, 1892, 1v, p. 634.

“Die Protozoen als Krankheitsorreger, 1890, 1 od., pp. 32, 34, ef al.

"Notes on Parasites; Journ. Compar. Med, & Voter. Archives, Now York, 1892, x1m,
Pp. 321-324,
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Sporocyst (rejected): Synonym for spore. Employed by Pfeiffer.!

Sporoplasm: The ¢ posterior mass,” ¢ plasmic mass,” ete., of the spore.
This term is used as the equivalent of the phrase ¢ protoplasm of the
spore.”

Surface, inferior: That upon which the inferior valve (¢. v.) and the
infero-median cornu are situated (see also next). '

Surface, superior: That upon which the superior valve (g. v.) and the
supero-median cornu are situated.

These are, respectively, the equivalent of dorsal and ventral, or of
ventral and dorsal. In the absence of hazmal and nervous systems and
of an alimentary tract, the proper correlation of these surtaces with
the cerresponding ones in extra-myxosporidian organisms seems impos-
sible. JTuter se, however, the superior surfaces may be correlated by a
greater convexity of the superior valve, but probably most frequently
by the further projection forwurd of the supero-median cornu, which may
(?) even reach the extreme anterior end of the shell cavity.

Valve: Each shell half.

Valve, inferior: The less convex valve; see also next.

Valve, superior: The more convex valve. The differentiation is prob-
ably possible in only a few cases. The supero-median cornu will
probably form a better guide to the diserimination of the superior and
inferior surfaces. .

View, longitudinal, transverse, or vertical; view along the line of
the corresponding diameter (q. v.).

-1 Die P’rotozoen als Krankheitserreger, 1891, 2 ed., pp. 7, 8.
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1838. Gruar, G. I
Notice sur quelques points d’anatomie pathologique comparée,suivie de
quelques observations sur la structure des branchics dans les 6pinoches;
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Tischen; Anatom.-microse. Untersuchungen zur allgem. u. speciell. Pa-
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spermien); Ber, d. preuss. Akad. d. Wissensch. Berlin, 1841, pp. 212-221

(fide Roy. Soc. London Cut. Sci. Papers).  Not seen,
V.2
Ueber die Psorospermien; Ber. d. prouss. Akad. d. Wissensch. Berlin, 1841,
Pp. 246-250 (fide Roy. Soc. London Cat. Sci. Papers). Not seen.
. 1842, Crrruiw, J. C. L. VL
Beschreibung d. Psorospermien des Kuulbarsches, nebst einigen Bemer-
kungen iiber die dor Plitze; Wiegmann’s Arch. f. Naturgesch., 1842, Jhg.
v, 1, pp. 61-66; abstr. (French) Rayer's Azch. de Méd. comp., 1843, 1, pp.
269, 270.

1843. Raver, P. : VII
Singulidre éruption sur un véron (Cyprinus phoxinus); Rayer's Arch. de Méd.

comp., 1, pp. 58-59, pl. 9.
VIIIL

MULLER, J.
Rocherches sur une vayiété remarquable do production parasitique morbide

avee des corpuscules géminaux spéeifiquement organisés (French trans-
lation of his paper of 1841); Rayer’s Arch. de Méd. comp., 1, pp. 219-234,

pl. 9.

Raven, P. IX,
LExposé suecinet d. principales observations faites sur les maladies et sur les

anomalies des poissons; Rayer's Arch. de Méd. comp., 1, pp. 260-270.

1845, Dusarniy, I
Histoire Naturelle des Helminthes,

1851, Lrypig, FraNz. . XL
Einigo Bemerkungen H. Psorospermien u. Gregarinen; I'roriep’s Tagsber. .
d. Fortschr, d. Natur-, u. Heillide, Weimar, Abth. f. Zool. u. Pal., No.

305 (May, 1851), pp. 73, T4.

. X.
Paris, 1845, pp. 643-645.

! Pleiffer, in his bibliography of the Myzxosporidia (“tschr. f. Hyglen., 1888, 1v, p. 436), erroneonsly
‘hlcludes with the word * Myxosporidia' the following: Blanchard, Bull. Soc. Zool. France, 1885, X,p.
281, The citation is an error and Blanchard'sonly paper in the volume (pp.244-276) is sargosporidian.

2 According to Pfeiffor (Ztschr. f. ygien., 1888, 1v, p. 436) these 3 artiolos are the same. They ars
Lere givon separately on acoount of the different titles shown by the Royal Soclety’s Catalogue.
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1866.

1867.
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1875.
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LEYDIG, F.—Coutinued. XII.
Ueber Psorospermien u, Gregarinen; Miiller’s Archiv. f. Anat. u. Physiol,,
1851, pp. 221-234, pl. viir; abstr. Quar, Journ., Microsc. Sei., 1853, 1, pp.
206-209.
REMAK. . : XIII.
Ueber die runde Blutgerinnsel and tiber pigmentkugelhaltige Zellen; Miil-
ler’s Archiv. f. Anat. u. Physiol., 1852, pp. 144-149, pl. v.
LEUCKART, Prof. RunorrIL XIV.
Parasitismus nund Parasiten; Archiv. f. physiol. Heilkde, Stuttgart, 1852,
X1, pp. 434-436, with plate.

RoOBIN, CHARLES. . XV.
Histoire Naturelle des Végétaux Parasites, Paris, 1853, pp. 201-321, pls. x1v,
xv.
LiEBERKUIIN, NATHANIEL. XVI
Ucberdie Psorospermien; Miiller’s Archiv. f. Anat. u. Physiol., 1854, pp.
1-24, 349-368, pls. 11, X1V.
XVII
Sur les psorospermies ; Bull. Acad. Roy. Belg.,1854,xx1, pt. 1, pp. 160-168, 1 pl.
XVIII
Notico sur les psorospermics; Bull. Acad. Roy. Belg., 1834, XxI, pt. 2, pp.
21-23; reprint, pp. 1-3.
LiesErkux, N. XIX,

Les psorospermies des poissons; Mém. Cour. et Mém. Sav. Etrang. Acad. Roy.
Bolg., 1855, xx vI, pp. 36-38, pls. X, X1,

Hecker (Jacon) and KNER (Dr. Ruporru). XX.
Die Siisswasserfische dor Gstreichische Monarchie, Leipzig, 1858, p.12 (see
p. 186.)
BALBIANI, Prof. GERARD, XXI.
Sur Vorganisation et 1a nature des psorospermics; Compt. Rend. Acad. Sci.
Paris, 1863, Lv11, pp. 157-161; Gaz. Méd. de Paris, 1864, X1X, p. 146.
[Article erroncously headed Ballisan in the Gazette Médicale, but corréct
in the index. The vwo articles are nearly, though not quite, indentical.]
BaLBiaxig, G. XXII.

Recherches sur les corpuscules de 1a pébrine ot sur lonr modo de propaga-
tion; Journ. Anat., et Physiol., Paris, 1866, 111, pp. 599-604 ; Compt. Rend.
Acad. Sci. Paris, 1866, Lx111, pp. 383-391. °

BaLiiaxg, G. XXIII1,

Etndes sur les maladics psorospermiques des vers i soie; Journ. Anat. et
Physiol., Paris, 1867, 1v, pp. 263-276, pl. x11; Compt. Rend. Acad. Sci.
Paris, Lx1V, pp. 574-578, 691-694, 1045-1049.

BrsskLs, Dr. E. XXIV.

[On the Psorosperms of Perca fluvialilis]; Tageblatt d. 41 Versammmlung
deutsch. Naturf. u. Aerzte in Frankfurt a. M., 1867, pp. 71-72.

CLAPARIEDE. XXV.
In Lunel’s Histoire Naturelle des poissons du bassin du Léman, Geneva, pp.
113-114.
WITTMACK, Dr. L. XXVI
Beitriige z. Fischorei-Statistik d. deutsch. Reichs, Berlin, 1875; Diseases
of Iishes, pp. 190-192.
SCHNEIDER, AIMI, . XXVII.
Archiv. de Zool. Expér., Paris, 1875, 1v, pp. H48-549,
SonLGER, Dr. XXVIIIL

[““Psorosperm” of Crocodile; mention only]; Jahresher. schles. Ges. f.
vaterl. Cultur, L1V, pp. 44—43.
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1882,
1883,

1884,

1885,

1886,
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Lrvckarr, R. XXIX.
Die Parasiten des Menschen, Leipzig and Heidelberg, pp. 230, 241, 246-247.
RybpER, Prof. JOHN A. XXX,
The Psorosperms found in Aphredoderus sayanus; Awmer. Nat., 1880, x1v, pp.
211-212, figs. 1, 2.

Gasrier, Dr. B, XXXI.
Ucber die in d. Harnblase d. Hechtes sich findenden parnsitischen Gobilde;

Jaliresbher. d. schles. Ges. f. vaterl. Cultur for 1879 (1880), Lv11, pp. 188-195;
review Journ. Roy. Micr. Soc. London, 1882, 11, pp. 358-359.

BUTsciiLl, Prof. O. XXXII,
Myuxosporidia; Zoolog. Jahresber. for 1880 (1881), 1, pp. 162-164.
XXXIII.

Beitriige zur Kenntniss der Fischpsorospermien; Ztschr. f. wissensch. Zool.,
1881, xxXV, pp. 629-651, pl. 31; abstr. Biol. Centralbl., 1881, 1, pp, 294-297,.
and Journ. Roy. Micr. Soc. London, I, p. 766, and Zoolog. Record for 1881

(1882) x v, Prot. pp. 34-35. .
BtrscuLi, O. XXXIV.

Myzosporidia; Bronn’s Klussen u, Ordnungen d. Thier-Reichs, 1882, 1, pp. 501,

590-603, pl. 38.

BaLsiaxg, G. o . XXXV,
Myzosporidia, ou les Psorospermies des Poissons; Journ. de Microgr., 1883,

vi1, pp. 143-147, 197-204, 270-281; numerous figures.
BaLnrang, G, o
Légons sur les Sporozoaires, Paris, 1884; Les Myxosporidie

pl. 1v. Reprint of preceding. .
[Erroncously attributed to Davaine, in Leuckart’s Parasites of Man, 2 ed.,

1886, p. 191.] —
LADAGUR. )

Article in Petit Ardennais (July) upon the epidemic among the barbels in
the Meuse; also in Réveil des Ardennes of August 22. Neither of these
articles was seen (both fide Railliet, 1886, p. 137). )

ZSCNoxkkEe, FriTz. ) ) XXX\_TIII.

Psorospermies de Coregonus fera; Archiv. de Biol., v, pp. 234-235, pl. x.

MEGNIN, P, . XXXIX,

Surlarole pathogéniquo de certaines psorospermies; Bull, .Soc. Zool. France,

1885, X, pp. 351-852, with figure; abstr. Journ. Roy. Mier, Soc. London,

XXXVI,
s, pp. 120-124,

VI, pp. 265-266. XL
Epidémie sur los Barbeaux de la Meurthe; Compt. Rend. hebdom. Soo. Biol.

Paris, 1885, 11, pp. 446-447. .
[An almost verbatim reprint of preceding; no figure.]}

LANKESTER, Prof. E. RAY. ) ) XLI.
Article ’rROTOZOA (Myxocporidia); Encycl. Britan., 9 ed., x1X, pp. 853, 855.
XLII.

Kovrrsnikorr, N. F. . -
O psorospermiakh (miksosporidiakh—myxospondm) v muskulature rib
[Psorosperms in the muscles of fishes]; Vet. Vestnil, Kharkoff, 1886, v,

pp. 242-248, 1 pl.
RAILLIET, XLIII.

Maladio dos barbeaux causée par des psorospermies; Bull. et Mém. Soc.
Centralo d. Méd. Vétér. Paris, 1v, pp. 134-137.
Leuckart, R.
Parasites of Man, 2 ed., 1886, pp. 195-197, figs. 98, 99.

Lrunis, -
Synopsis dor Thierkunde, 1886, pp. 1137-1138, figs. 1118-1119,

XLIV.

XLV.
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1886. Rarnnier. XLVI
Eléments de Zoologic Méd, et Agric., Paris, pp. 167-168, fig. 72.
Bonrxi, MAX v. . . XLVII.
Haundbuch d. Iischzueht u. Fischerei, Berlin. p. 21],'ﬁg. 215.
1887. Kocu, ALols. . XLVIII.

Sucyclop. d. gesamms. Thierheilkde u. Thierzucht, Wien w. Leipzig, 1887,
1v, p. 94, tig. 668,
Mox~irz, R. XLIX.
Observations pour la révision des Microsporidies; Compt. Rend. Acad. Sci.
Paris, 1887, c1v, pp. 1312-1313.
PFEIFFER, Dr. Louis. L.
Beitriigo z. Kenntniss d. pdt]lO"‘ Gregarinen, I; Ztschr. f. Hygiene, Leipzig,
11, p. 475, fig. 2¢-g.
1888. PFEIFFER, L. LI
Beitriige z. Kenntniss d. pathog. Gregarinen, IT; Ztschr. f. Hygiene, Leipzig,
1v, pp. 403, 408-409, 417420, 423, 435.
HexNEGUY, F. LII.
Contribution & ’étude des sarcosporidies; note sur un parasite des muscles
du Palawmon rectirostris; Mém, publiées Soc. philomat. Daris a 1'Oceas.
Centen. Foundation, 1888, pp. 163-171, figs. A~D; abstr. Jour. Roy. Micr.
Soc. London, 1889, p. 76.

VOLKSZEITUNG, COBLENZ. ' LIII
No. 209, Sept. 11 (year?). Not soen; fide Ludwig,
Lubpwig, Dr. Husenry. ) LIV.

Ueber die Myxosporidiumkrankheit der Barben in der Mosel; Jahresbor.
d. rheinischen Fischerci-Vereins Bonn, 1888, pp. 27-36; and separate, 10
pp., figs.; abstr.Ceéntralbl. f. Bukt. u. Parasitenkde, 1889, v, pp. 419-421,
Dato fide Pfeiffer (Virchow’s Archiv. f. pathol. Anat. u. Physiol., 1890,
CXXI1, p. 558). .

1889. Lurz, Dr. A. LV.

Ucber ein. Myxosporidium aua der Gallenblase brasilianischer Batrachier;
Centralbl. f. Bakt. u. Parasitenkde,! Jan. 12, v, pp. 84-88; figs., ibid., I'eb.
19; abstr. Journ. Roy. Micr. Soc. London, 1889, p. 537. )

HENNEGUY, I LVI

Psorospermies; Dict. Encyclop. Sci. Méd., Paris, 1889, xxv11, pp. 771-776.

TufrLouax, . LVIL

Sur la constitution des spores des Myxosporidies; Compt. Rend. Acad. Sci.

Paris, CIX, pp. 919-922; abstr., Journ. Roy. Mier. Soc. London, 1890, p. 194.
1890. THELLOMHAN, P. LVIII,

Contribution & Iétude des Myxosporidies; Annal. de Microgr., Paris, 1890,
1, pp. 193-213, pl. 1; abstr. Journ. Roy. Mier. Soc. London, 1890, pp.
346-347. ) '

THELOHAN, P. LIX.

Nouvelles recherches sur les spores (los Myxosporidies (structure et déve-
loppement); Compt. Rend. Acad. Sei, Paris, CXI, pp. 692-695; trans]. (un-
abridged) Aun. Mag. Nat. Hist. London, March, 1891, vir, pp. 304-306;
abstr. Journ. Roy. Mier. Soc. London, 1891, pt. 1, pp. 55-56.

[Practically identical with prece dmg ]

SiBLEY, Warrter K. LX.

Psorospernia in relation to tumor formation; Trans. Path, Soe. Lond.. XL1,
pp. 322-325; abstr. Baumgarten’s Jahresber. Fortschr. Lehro Pathog.
Mikro-org. for 1888 (1889), v, p. 322

[Ummpor t.mt, psorospermosis of carp found labeled ‘““multiple sarcoma.”]

1 Misquoted by Pfeiffer (1890, infra, p. 49) as ‘‘Bacteriologisches Centralblatt, 1890,”
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18y, Lrcrrreq, Mlle. LXI.

Les microorgnnimnesintermédi:nires aux denx ragnes, Myxosporidies; Bull.

Soc. Belg. de Microse. Bruxelles, 1890, xvi, pp. 100-102, 109.

Prerrer, L. LXII.

Ueber eoinige neue IFormen von Mieschaor’schen Schlituchen mit Mikro-,

Myxo-, und Sarkosporidieninhalt; Virchow’s Arch. f. path. Anat. u. Phy-

siol., Berlin, cxx1, 557-564, pl. 12, figs. 1-3; review Centralbl. f. Bakt. u.

Parasitenkde, 1892, x11, pp. 110-111.

LXIIT.

Die Protozoen als Krankheitserreger, Jena, 1 ed., pp. 2, 25-27, 30-38, 4147,

74-75, 98-9Y, figs., plate,’ myxosporidian figs. 1-v.
RAILLIET, M. A.

La maladie des

Paris, (about September 1) 11, pp. 117-120.

MiINGAzzIND P, LXV.

Sullo sviluppo dei Myxosporidi; Boll. Soc. Nat. Napoli, September 23, 1890,

1v, pp. 160-164.
THELOHAN, P. LXVI.
Recherches sur lo-développement des spores chez les Myxosporidies; Compt.

Rond. hebdom. Soc. Biol. Paris, Nov. 14, 1890, 11, pp. 602-604; abstr.

Journ. Roy. Micr. Soc. London, 1890, pt. 2, pp. 194-195.
1890-1891. PrRrUGIA, ALBERTO. 'LXVIL.,
Sullo myxosporidie dei pesci marini; Boll. Scientif., Pavia, 1890, x11, pp.
134-189; 1891, x111, pp. 22-25, 1 pl.

1891. Tutrouax, P. LXVIIIL
Sur denx sporozoaires nouveaux parasites des muscles des poissons; Compt.

Rend. hebdom. Soc. Biol. Paris, Jan. 23, 1891, 111, pp. 27-29; Cowpt. Rend.
Acad. Sci.- Paris, 1891, cx11, pp. 168-171; Journ. deo Microgr., Paris, 1891,

LXIV,
Barbenux de la Marne; Bull. Soc. Centrale d’Aquicult.®

XV, pp. 145-147.
LXIX,

GARBINT.
Contributo alla conoscenza dei Sarcosporidi; Rendiconti della Reale Accad.

de Lincei Roma, Yob., 1891, vi1, pp. 151-153, tigs.

L1NTON, Prof. EDWARD. LXX.
On certuin wart-like excrescences occurring on tlie short minnow, Cyprino-

don variegatus, due to Psorosperms; Bull. U. 8. Fish Com. for 1889 (pub-
lished June 15, 18913), 1x, pp. 99-102, pl. XXXV; review, Centralbl. f.

Balkt. u. Parasitenkde, 1892, XI, p. 475.
LXXI.

Notice of the ocourrence of Protozoan parasites (Psorosperms) on Cyprinoip
fishes in Ohio; Bull. U.S. Fish Com. for 1889 (published July 7, 18919),
IX, pp. 359-361, pl. cXX; review, Centralbl. f. Bakt. u. Parasitenkde, 1892,

X1, p. 475.
" PFEIFFER, L. LXXIIL
Die Protozoen als Krankheitsorreger, Jena, 2 ed., pp. 7-8, 13, 17, 105-110,
114-115, 127-135, 164-165, figs. 43, 4b, 52-57; roview, Centralbl. f. Bakt. u.

Parasitenkde, 1892, XiI, p. 168.

1892, TuriLonaN, P. LEXIIL
Note sur la Glugea microspora; Compt. ‘Rend. hebdom. Soe. Biol. Paris,

Feb. 5, 1892, 1v, pp. 82-84.
'In the second edition (1891, snfra,p. ) Ploiffor rays the plate is rendered obsolete by tho sul-

"'“;luent, discovery of the swarm-sporos.
¥ Miaquoted " d’Agricult.” (Pfoiffer, 1801, infr, p. 105.)
) Dato of distribution Jide rocords of U. S. Fish Commission,
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1892. KOROTNETFF, A, LXXIV,
My xosporidium bryozoides; Ztschr, f. wissensch. Zool., 1890, Leipzig, April
5, 1892, v, pp. 591-596, pl. 24; abstr. Journ. Roy. Micr. Soc., 1892, p. 379.
WELTNER, W. LXXV.
My xosporidiensporen in den Eiern von Esox lucius; Sitzgsber. d. Gesellsch.
Naturf, Freunde Berlin (about May 1), pp. 28-36, figs. 1-16.
Krrsy, Dr. WALTHER. LXXVI.
Der gegenwiirtige Stand unserer Kenntnisse von den parasitiiren Protozoen;
Hygien. Rundschan, Berlin (May, June), 11, pp. 359, 361-362, 368, 475—476.
TneLonax, P., and HENNEGUY, F. ' LXXVII
Sur un sporozoaire parasite des muscles des crustacés décapodes; Compt.,
Rend. hebdom, Soc. Biol. Paris, July 1, 1892, 1v, pp. 585-588; Compt. Rend.
Acad. Sci. Paris, 1892, cx1v, pp. 15562-1555; abstr. Ann. Mag. Nat. Hist., x,
312-344; and Journ. Roy. Micr. Soc., 1892, p. 626.
HexxNeeuy, F., and THELONAN, P, LXXVIII,
Sur un sporozoaire parasite des muscles de ’écrevisse; Compt, Rend. hob-
dom. Soc. Biol. Paris, Aug. 5, 1892, 1v, pp. T48-749.

ENGLER, A., and PraNTI, K. LXXIX.
Die natiirlich, Pllanzenfamilien, Leipzig, 1892, Liefrg. 76.
TaELOHAN, I, : LXXX,

Observations sur les myxosporidios et essai de classification de ces orga~
nismes; Bull. Soc. philomat. Paris, 1892, 1v, pp.<165-178; abstr. Braun, Cen-
tralbl. f. Bakt. n. Parasitenkde, Dec. 2, 1893, X1V, pp. 737-739.

HEeNNEGUY, I, and TufLoHAN, P. LXXXI,

Myxosporidies parasites des muscles chez quelques crustacés décapodes;
Annal. de Microgr., Paris, 1892, 1v, pp. 617-639, pl. 1v; reprint, pp. 1-23,
original pagination; abstr. Braun, Centralbl, f. Bakt. u. Parasitenkde,
Dec. 2, 1893, X1V, pp. 739-740.

THELOHAN, P. LXXXII.

Myxosporidies de 1o vésicule biliaire des poissons, Esptces nouvelles;
Compt. Rend. Acad. Sci. Paris, 1892, cxv, 961-964, 1091-1094 ; abstr. Journ.
Roy. Mier. Soc., 1893, pp. 198-199.

1893. PrnrRrikRr, EbMOND. LXXXIII,
Traité de Zoologie, Paris; Myxosporidies, pp. 459-460.
. Braux, M. LXXXIV.

Bericht ii. thierische Parasiton; Ceuntralbl. f. Bakt. u. Parasitenkde, xu,
pp. 96-97.
TutLonan, P. LXXXV.
Altérations du tissu mmsculaire dues & la présence de Myxosporidies et de
microbes chez le barbeau; Compt. Rend. hebdom. Soc. Biol. Paris, March
10, 1893, v, pp. 267-270; abstr. Braun, Centralbl. f. Bakt. u, Parasitenkde,
Oct. 20, 1893, x1v, p. 532.
OnrMmacueR, Dr. A. P. LXXXVI.
Myxosporidia in the common toad, with preliminary observations on two
chromophile substances in their spores; Journ. Amer. Med. Assoc., May 20,
XX, pp. 561567, plate, figs. 1-3.
GURLEY, R. R. LXXXVII
On the classification of the Myxosporidia; Bull. U. 8. Fish Com. for 1891 (July
15, 1893), X1, pp. 407-420; review, Braun, Centralbl. f. Bakt. u. Parasiton-
kunde, Jan. 16, 1894, xv, pp. 86-8.
PrEIFFER, L. LXXXVIIIL
Der Parasitismus d. Epithelialcarcinoms sowie d. Sarko-, Mikro-, u, Myxo-
sporidien im Mnskelgewebe; Centralbl. f. Bakt. u. Parasitenkde, Aug. 1,
1893, x1v, pp. 118-130, 1 pl. .
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1893. STICKER, Dr. ANTON.
Ueber Infectionskrankheiten bei Fischen; Archiv. f. Animal Nahrungs-

mittelkde, Kiln (about August), VIII, pp. 121-124.

WHINERY, Dr. J. B.
Some additional notes on a myxosporidian infection in the common toad;

N. Y. Mod. Journ., Dec. 2, 1893, LVI1I, pp. 660-662, 1 fig.

RAILLIET, A.

129

Bibliographie
reforcuco No.

LXXXIX,
xXC.

XCI.

Traité de Zoologie Méd. et Agric., Paris, Decomber, 1893, pp. 157-160, fig. 77.

1894, TuiLonax, P.

XCIL

Sur les aflinités réciproques dos Myxosporidies; Compt. Rend. Acad. Sci.
Paris, I'cb. 19, 1894, cxviIl, Pp- 428-430 (abstract, p. 275.)

b. The literature by authors.

Author.

—

Claparsdo
Creplin...oovvvemeeeenennns
Dl!,jnnlin ...................
Ebglor & Prantl.....o.... i
Gabricl
Garhini
Glugo

Gurloy...o.vieeeneecnnans
Heckel & Kner
Helmegny (sce aiso Hen-
ueguy & Thélohan; Thé.
lohan & Henucguy)

Kooh

Lunkester ,
Loclereg. ..

1888
1889
1802
18492

1887
1886
1892
1892
1884
1885
1890
1852
1847
1879
1886
1886
1851

. XXXL

P LXXX1V.
. XXXII.
. XXXIIIL.

P LNXVIIL

Bibliographic
reteronce
number.

XXI.
XXIL
XXIIL
XXXV.
XXXVI.
XXIV.
XLVII.

XXXIV. l
XXV. !
VI
X.
LXXTIX.

LXIX.
I
1L,
LXXXVIIL .
XX.

LIIL.
LYVL

LXXXIL

NLVIIIL
XLII.
LXXIV.
LXXVI.
NXXVIL
XLIL
T.XI1.
XIV.
(Seo p.—)-
XXIX.
XL1V.
XLV.

" Mingazzini

- Miillor......

| Pfeiffer.

XI.

Author.

Moniez

Do..

Robin
Ryder
Schnelder
Sibley
Solger Jo.o.a.. Ceeenens .-

StickOr coveeeennceccioancss

1893
1890-91
1887
1888
18%0
1890
1891
1893

1886
1856
1890
1893
1843
1843
1852
1853
1880
1875
1800
1877
1802

|
§

Billiographic
roferouce
number.

XII.
XVI.
XVII.
XVI1IIL.
XIX.
LXX.
LXXIL

! LIV.

LV,
XXXIX.
XL.

t LXV.
i SLIX.

II1.
1V.
V.

! VIIT.

LXXXIIIL

LXVII.
L.
LI.

| LXTL

LXIO.
LXXII.
LXXXVIIL.

XLIII,
‘XLVI.
LXIV.
XCI.
VIL

IX.
XIII.
XV.
XXX.
XXVII. .
LX.
XXVIIL

. LXXXIX,
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b. The literature by authors—Concluded.

IBibliographic| |Bibliographic
Author. Date. | reference Author. Date. reference
| number. number.

i i i
Thélohan (sec also Hen- l ! Thélohan (sce also Hen-
neguy & Thélohan; Thé. | noguy & Thélohan; Thé-

lohan & Henneoguy) 'TLVIL ' lohan & Henneguy) ..... 1893 | LXXXV.
S LVIL g DO eerceiceiaenanns 1894 | XCII.
LIX. ! Thélohan & Henneguy.. ... 1892 | LXXVIL.
LXVI. Volkszeitung.....ooneeenes 1888 | LIIL
"LXVIIL. | Weltner 1892 | LXXV.
LXXIIL. || Whinery ..coceeeveneaeenns 1893 | XC.
. LXXX. i1 Vittmack coeeeiiiiinnannn. 1875 | XXVI.

;LXXXII. I} Z8chokke..ocuuoeaeeeaanann 1884 | XXX VIIL

TABLLE SHOWING THE DERIVATION AND EQUIVALENCE OF ALL FIG-
URES IN THIS PAPER REPRODUCED FROM PREVIOUS AUTIHORS.

The following table shows the equivalence of all figures in the litera-
ture, including those of species formerly considered imyxosporidian but
now rejected, Tigures to theright arc copied from those farther to the
left on the same horizontal line, and those copied in this paper are, in
all cases, taken directly from the original. Further, wherever several
geries of letters or figures (indicated, for cconomy of space, as “a-m?” «1-
16, ete.) occur on the same horizontal line, the individual members of
such series correspond always and rigidly each to each, that is, a to a,
btobd,1tol,2t02 or 7to1D, 8 to 11, cte., as the case may be. To
save space all intermediate columns not required on any particular
page are omitted from that page. Such omitted columns will of course
appear on some other page, and their relative positions in the full
series of illustrated articles represented in this table, are indicated by
the bibliographie reference number (Roman numerals). Plate numbers
(heavy type) are inserted only where absolutely necessary to prevent
ambiguity.

After much study of the literature certain figures can not now be
placed with any certainty. They are those to which no species number
corresponds in the table. 1t will bé seen that they are principally some
of Pfeiffer’s and Balbiani’s and are mainly to be distributed between the
two probably very distinct but at present not very clearly delimited
species habitant on the teneh, Myxobolus piriformis and M. ellipsoides.
On the plates I have thought it best to reproduce the groups of figures
entire and to leave to the future the apportionment of the individual
figures, and will only add that in the synonymy of M. piriformis and M.
ellipsotdes I have ventured on a taxonomic guess, the dubious figures
being separated from those definitely placed by a period or a paren-
thesis,
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Table of equiralence of figures.
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Table of equivalence of figures—Continued.

, 1855,
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1879,
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1885,
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, 1882,

XXXIV

XVI.
XIX,
XXIX,
XXXIII,
XLI
Leuckart,
XLIV.
XLV,
1887
XLVIIIL.

Lankester,

Leuokart,
Biitschli. 1881
Zachokke,
1884, X X X VIII.
Leunis, 18886,
1892, LXXIX.
Gurley, 1894.

Xoch,

Balbiani, 1867
XXIII.
Ryder, 1880, XXX,

Lieberkiihn
Biitschli
i Engler & P

Liebd¥kiihn, 1854,
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Table of equivalence of figures—Continued.

A o
g 13 w6 el | |[Hle i -
812 2. 58 EL5E [5E B2 %1 | &
= | =P ':N'P:E~,.;~q$§ Eﬁgﬂﬁi £ | 8. |2, 3 ]
Kol S =T ST C | w2 e 2 g
3ﬁ ﬁﬁ ~Eg aAl = |ob i e o hin =] N = ~H . <
2k | B, £ |§.':c5 3 lani 8N egE R glonlE g g I 5
g | 3H §1q~w.=‘:><s-><f=’f§1 28 .2 Zleg|ed] § E 5 g
g8 | eEE R RE SR 5|2k |35 &7 | 7 £ i
g F l_| EE (B B[R BRE | A & g
Hati s0a.r...... In...720-h [ | . = > -
a.d 7a O G O o R ’.... 2a-hl. ... |o.o.s 21 ‘_6
: 2K oofoee oo oo B la-h| 4
................ 84, 3a-d | 80
da-d | 80
40, 20| 0
39, 6a-c | 08
s 20-¢| 49
20, la~c | 49
2a-01 49
46, 2a-d 1100
47, da—c 100
20, 3ao| 49
13, da-f | (")
9,4 |49
18,1 35
2} 49
18,3A |
B [(*)
c (M
26,1a | 61
a,-a;| 61
b-h| b1
35,1 |81
2.8 | 8L
7 81
29, 8a-b| 67
22,1  ((%)
2 ()
3 *}
21,4 ()
b 49
10, 8a-d| 31
25, 2a-¢| 61
s 1 i
2 97
8 97
4 97
5 o7
] 97
7 o7
8 87
9 97
10 97
81,2 [{g
19,5 49
6 49
10, 2 28
84,20 | &
b 80
¢ 80
14,8q | 42
b |42
P 42
a |42
20,4a | 49
b |49
e 49
a |40
s |49
10, 3a-i | 28-
4 Tt
.6 |1
25, 3 61
24, 1a-h | 61
24, za- | 61
46, 1a-b [100
s 3a-¢ 100
19, 7,8 | 49
45, 1a-h 100
8 t*)
28, 2-d | 51
45,21 (100
T1a-5 {100
I1Ta-b |100
; 25,4 |51
Sa-¢| 51

*See pp. 211, 204. ¥ Sarcosporidian fulciform body from the sheep
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Table of equivalence of figures— Continued.
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DESCRIPTION OF GENERA AND SPECIES,
Tabular Key.

The follqwin g tabular key includes all the species, which can by any
H}asonnble possibility be construed as myxosporidian, with their prin-
cipal characters plotted out. The order of arrangement is a trifle more
artificial than that found in the text.

. Deseriptions of the following species are omitted, as I believe there
18 0o rational chance of their being Myxrosporidia:
Pgorospermium hackelii Hilgendorsl, 1883.
(Parasite of dstacus fluvialilis, Iiickel, 1855, De telis quibusdam Astaci fluvi-
atilis, Inaug. Dissert. Friedr. Wilhelm, Univ. Borlin, p. 42, pl. 2, fig. 256A-C;
ib. Hiickel, 1857, Ucber d. Gowebe d. Flugskrebses, Miiller’s Arcbiv., pp. 561-2,
pl. 19, fig. 25A~C; ib., Grobben, 1878, Boitriige z. Kenntn. d. miinnl. Gesch-

lechtsorg. d. Dekapoden; not sebn,
Psorospermium hackelii, Bericht d. Gesellsch. Naturf., Freaundo Berlin, pp. 179-

181 (not scen); ib., Zacharius, 1888, Ueber I’sorosperminm hickelii, Zoolog.
Anzeiger, x1, pp. 49-51 (abstr. Journ. Roy. Micr. Soc. London, 1888, v, p.
240); ib., Wierzejski, Kleino Beitriige z. Kenutn. d. Psorospermium hickelii,
Zoolog. Anzeiger, Xi, pPD- 930-231 (abstr. Jour. Roy. Micr. Soc. London,
1883, viIr, p. 598).

This form and the next have never been definitely referred to the
fuywosporidia, but Prof. Linton’s bibliography of the ¢ Psorospermie”!
Includes the articles containing them. They bave no connection with
the Afywosporidia. '

Psorospermium lucernarie Vallentin, 1888.
Zoolog. Anzeiger, XI, pp. 622-623; abstr.
1889, pp. 75-76.

Sce.note on preceding.

Preiffer? states that Myzosporidia Wero found by Leuckart and
Lieberkiihn in the gall bladder and the kidneys of toads. Now, the
assgertion, in so far as it concerns Leuckart, is, I suspect, an error. It
was probably copied from Lutz,® who says: _
. The Myzxosporidia are, us it is known, ontirely parasitic, and in the large major-
ity of cases live upon fishes. Theonly one of the authors accessiblo to me who men-
tions their oceurrenco in the Amphibia is Leuckart, who found them frequently in
the urinary bladdor of frogs, and also mentions the vccurrence of a species described
by Licberkiibn in the kidney.

I have beew unable to find any such observation of Leuckart’s, and
correspondence with both him aud Dr. Lutz failed to elicit a reference
or a substantiation of the statement; so that Leuckart” is here prob-
ably an error for Lieberkiiln. Trurthermore, there is absolutely noth-
ing to indicate the myxosporidian nature of the forms described by

Jo.urn. Roy. Micr. Soc. London,

'Bull. U. 8. Fish Com. for 1889, 1, p. 102.
*Virchow. Archiv. f. pathol. Anat. u. Physiol., Borlin, cxx1i, p. 557; Die Protozoen

als Krankheitserreger, 1891, 2 ed., D 184; recently copied by Ohlnachor, Journ,
Aer, Med. Assoc., 1893, XX, p. 562,
3Centtalbl, f, Bukt. u. Parasitenlkde, 1839, v, p. 84,
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Lieberkiihn.! On the contrary, both his deseriptions and figures (which
show spores, apparently of two different species, containing faleciform
corpuscles) justify the opposite conclusion. And Lankester? distinetly
affirms its coccidian nature.

Possibly, Pfeiffer® says, a form reported by Kunstler and Pitres?
from a pleural exudate of man is perbaps referable here. But from their
descriptions and figure it is hard to see how by any possibility it could
belong to the Myxosporidia. The smallest spores are 18 u “long?” and
the largest 100 x. In such large spores it is inconceivable that the eap-
sules could be missed, and Kunstler and Pitres appear to regard it as
coccidian.

Trurther, Pfeiffer says:

Also relations exist with a form found in chickens by Arloing and Tripier.

The following data will suffice for its rejection:

Arloing and Tripier® tell us that they found oval bodies with granular
contents, a clear central nucleus, and a sort of “button” at each extrem-
ity of the longer diameter. These bodics measure 500 to 550 u (400 to
450 u, excluding the ¢ buttons”) in length, and 200 to 220 x in breadth.
Balbiani, from an examination of hardened specimens, reserved his
opinion, but rather belicved them to be ¢ psorosperms.” In spite of
and after this, the authors tell us that they identified these oval bodies
by finding identical bodies in the oviduct of ¢ worm found imbedded in
the same situation (wsophageal mucosa); in other words, they are the
ova of a worm. It is hardly necessary te go further than their dimen-
sions to exclude them from the possibility of being my xosporidian spores.
It might, however, be added, that Balbiani would ¢ertainly have noted
in his Légons sur les Sporozoaires (1884) such an unprecedented anomn-
aly as the occurrence of a myxosporidian in a bird.

I cmm?)t, perhaps, better place the following remarks made by M.
Armand in the way of discussion of Arloing and Tripier’s paper. M.
Armand, in concert with Balbiani, undertook, in 1873, the inoculations
of “psorosperms” both in warm and in cold blooded animals. The
attempt succeeded, and several pieces showing the proliferation and
modifications of these bodies transported into organisms very different
from their normal habitat were obtained, and preserved in the collec-
tion of the Laboratory of General Physiology of the Jardin des Plantes.
As the subsequent myxosporidian literature is silent upon this point,
it is probably safe to presume either that in this case ¢ psorosperms”
did not mean Myxosporidia, or, if it did, that the myxosporidiau branch
of the work proved barren of results.

! Miiller’s Archiv., 1854, pp. 1-5, pl. 1, figs. 1-19.

2 Eneyclop. Britan., 9 ed., xIx, 1885, p. 855.

3Die Protozoen als Krankheitscerregor, 1 ed., 1890, p. 49; 2 ed., 1891, p. 185.

4 Sur une psorospermie trouvée dans une humenr pleuritique; Journ. de Microgr.,
1884, vu, pp. 469-474, 520~-526, pl. 11, figs. 1-15; pl. 12, figs. 1-3.

s Lésions organiques de nature parasitaire chez lo poulet; Compt. Rend. Assoc.
frang. ’Avanc. Sci., 1874, 2d (Lyons) Sess., pp. 810-814.
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Parasite of Sygnathus, Pieifter, 1891, Die Protozoen als Kraunkhoitserreger,
2 ed., p. 111, figs. 4649:
I From a perusal of the description and an examination of the figures
can find no evidence of myxsosporidian aflinitics, and have therefore
?X(ﬂuded this form. While this paper is passing through the press, I
\ . P T U p ' 1 ic i 'ti
dzve’ however, observed Pfeiffer’s paper,’ in which, in the portion
voted to the Myvosporidia, he says:
Of tho Syngnathus from tho North Sea, which the nuthor was able to investigato
two years ago in Helder (Holland), the rolative conditions have beon thoroughly

Plctured by the author in another place.

.Fi““"IY, a comparison with the following may perhaps not be inad-
Visable:

18;";0:{“’ Gr_ugnrinosis d. Forellen, Oesterreich. Ztschr,

% 11, pp. 56-58.

The author says the forms observed were undoubtedly referable to
the “oviform and globular Coecidia (Gregarines).” From the general
tenor of his description 1 suspect they were not Myxosporidia, and in
any case there is at present no evidence to warrant their admission
1uto the subclass.

Haraly any explanation of the table is necessary. The grouping and
Position of the capsules (and the correlated orientation of the spore)
18 made the leading character. Yext come the other generic characters
(bivalve condition of shell, presence or absence of vacuole, ete.). ‘

One of the most important uses of this table is to direct attenthn

the gaps in our knowledge. Thus it will serve a useful parpose in
shO\Ving readily where work is most needed.

f. wiss. Voteriniirkde, Wien,

t Centralbl, £ Bakt. u. Parasitenkdo, 1893, X1V, - 124,
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Tabular key.
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Tabular key.
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Tabular key.
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Tabular key—Continued.
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27 [ceeeOvuecnnnnnn. .. X
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Tabular key—Continued.

Spore. o
Ind g
" ox.
Tafl. Dimensions. ndex &
o g
. &
Present. < =
¢4 PR
. =} ol &
Single. 4 2 < | &
- 8| = A
5 Outline on @ a T /S8 E
< s | vertical & g . a | 88| g
= @ view. .| B S © g £
g - ag 2 3 £
B ! . ilela g 18 S
< | 888 i alallf ® g les | &]s
s | B8 |& E:| = |2l ° o 5 | e s |
= ] 37 | < S
g 21 ° ) < = |88 a =2 - g - ®
@ oo = to LA t ] g < g) Iy K] o
2 i3k = g8 | & 3 alz| 2|8 c g
3 |f’ -8 g g 2E |8 4 RS s |2
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----- U PO P IO PO PR DR 2 2 Z20 PR PO IO PO PRI f £
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truded
by gly-
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16
....... .[Elongatc-
oval;shnrp
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roundod
posteri-
o | orly- I O U A AU oo I
LI T . R T N IO OO JU PO RN R IR 27
0 5 50; ox- R P 4| 28
LR PPN R t 2t0 ..o fenet H PO A P
],‘,Sfi:;?“ﬂy 3tod 3. truded
Ly lo-
dine
only. .
o [l I O ST O SO O eSS S AU IS ISP OO 1
U RO ...l Ovoid..... 8|15]....0c.. Present.|.. L.l veeaen,Chro 20
to mnto-
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Tabular key—Continued.

= i Species No.

28

11

29

IIX

Hair-
like,
nenrly
alwaysi
Jocal-
ined,

Very
numer-
ous.

| B
Mem- | Many;
brane [number
not sub-; incon-
peraist- | stant.

ont,

Mem- | Many.
brane
not sub-
persist-

ont,

X Many .
Moem- | Many;
brune |[number
subpor-| incon-
sistent. ' atant.
Sporo- | Many.
phorous
vesicle
15to 18
uin di-
ametor,

Mom- 8; num-

brane ibex‘ con-
subper-| stant.
sistent.

Small .

None .

) 1T S

Myxosporidium. Cyst.
a0
g -3
= S
£9 TE Host.
22 Q.
3 55
Size | ¥ Cucloi 2 Sizo | gpay, 0l
. s : E ) or.
ing | 8 g A Kuclof. ] 1;':-: in mm. Shape. | Co
& 2 = &8
= = m
R T BE | .
il 2| 22| %
5 3 a' Q' ® 3 :
- £ = = Q
133 © < a R |
5] ~ =] A~ - 1
—_— —— ; i
.................................. 2003 jeeeenclieailitoiiciieiiloL L Leuciscus cophalus.
......................................................................... Leuocisous cephalus.
]
i

Gobius fluviatilis. ..

*“Crocodile™........

Chondrostoma  na-
sus.

{ Loneisens rutilus. ..

Tinea tinea.........

Louciscus ery-

throphthalmus.

Gasterostons acule-
atus.

Stizostedion luei-
opsrei.

Gastorosteus acule-

i antus,

I Scombor scombrus

Alcyonella fungosa.

Callionymus lyra. ..

Pin- :Spheri- | White.| Gast. aculeatus,
Dead to ] eal or Pygosteus pungitiug
pea. |irregu. Aphya alba.
lar.
Nono ooveeannninnans ' Cottus scorpio......
!
........................ i+ Decapoda..eceeacee-

Astaous flaviatills..
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Tabular key—Continned.

Bmly cnvity ..
Ucogn and n

Roots of tongue . ...

Branchial “copulos”

Body cavity

Intro-fibrinar. . .....

‘s“%’clltaneous
Ubeutancons.
ubcutaneous,

eee

Inter-Abrillar

Striatod musclos. ...

Striated muscles. ...

n .
arly of iutestine.

cacese

Seat. Pathologic
oftect.
AT bladder.....uvufieineereeaeaenns

Death of poly-
zoan colony.

Degonoration
of muscle
tiber.

Nodegenora-

tion.
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Remarks Genus, Speoies.
R -
JUN e i, i Genus jucert....[ 8p. incert .......
...................... l...,do eeeevmesss] Bp. imOCTE..olo..
...................... .0 ceeeeaeee.-] By inCUTE L llll
...................... I 10 .eneesnee. | 8p. incert ...

J L 1, SO sp. Incert .......

Tieh
Kiel

Capsules not_yet
d’cmonst.mwd .

jng white strenks
6 or 6 by 3 mm.

Crayfish opid.
emic?

F 092—10

Digeased mass form- ...

..do.

uMyxospori-
divm.”’

‘T'helohiania

N U B

-] sp. incert

8p. incert

sp. incert

= | Species No.

ap. incert
sp. incert

8p. incert

sp. incert .......

bryozoides......

dostruens ......

anomaly ........

contejeani ceeee.

—
<«

16

27

28

I

20

80
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Tabwlar key—Continued.

Spore.
e e e et e,
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T = e
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s T =2 | = 2 7 o
& b 2 TF E- |2 =132 =
= . < < =¥ S =z I - 3
< < Y = ==} ~ . - ] -3
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< 20 DY (S, X feee K [ TS S
i
i
A -
93 [ ee O ieveeeanans R P P P leees tecseacesiianaes
1 I |
: . | i
; i

Y | 0 »with | X
i few ex- [ very
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I

orally

...... X cereeeee X T 0] Slighitly:
' : ! o ! ! jmper-
| ! feet., |

[ X

R [RREES] [ETTRN (RPPRPTTRRS SRR Ll _ !
F: 13 P 1 SO A LoeaZund I 0 Slightly ......

| cqual.! : . | | . imper-
| i | | foct.
37 |eeido el e 2 } ........................ e L, 0 X feemane
i : ‘

38 {.ee o0 ceevaenanannn].... l... (53 RPN PSR FUUUUUI AU Ll el % e

47 |ee@0 eeaeeeeee Lo, D LU SO SUUURUN IR

48 |....dOcecruenroannnfot R T PO 1 ! ‘ ...... I___,-_,_, 0 X ceeeen
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Tabular key—Continued.
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— .
e .\1:4(_:11-. én
Indox. 2
Lail, Dimensions. a
e 2
Present. £ E
% .
—— Wl B
Single. 4 2’ 1 2
—————— a o .
i a 5 B gé,-g .
| o QOutlino on » |5 'g P 3
< o | vortical 2 g . a | 88| 8
i3 % view. il 2 g3 g |8 5
1 g 9 =2 g |8 [
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. %91 8 < N I 3] [ § — 4 s
T g8 = (Elgls| 3 |4 s 2
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= o 2 R ] S (a3 < | 5 k @
AETPE £ [Fl2'%l ¢ |E(%| 518 (%%
= ERR | é’ g & I 219 4 e | & = 8 2 2
4 1Z:2 13 - A8 3] A Slo| & |& 4 | w
s =y ey i
0 ..l ! pyriform . 3tod || Extrudedl. . focon i foviigeannns 31
Lol Pyriform by sthor!
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0 ... . 506 |l 15 to 20 e 32
""" ettt extrudod
only by
c HOL and
| LNOs.
------ ceveaas]eaat Pyriform .
XO| X | X | X |oesocaraees
X e ...| Ovate.....
x| JLancvo
x ot | Jovate:
Do S RN PO .|Lancoo
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(oo, P PO
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..__,.)- N L 2LV U PR 39
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X 9)
L Fattonedd  10tr2f 8. 8 l . 4\!;3 B L] P - 8| 42
| ovoid, . U5 I
LR T TS S R l _________ eeeane 18 (orror®) | 12 oo foeerommmnmannee veefevenee e eeeeer] 43
| | |
........... ' 44
- 8 45
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X foeodeecdool ] Oval...... In sizoz= Loodees i e e 47
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Tabular key—Continred.

Myxosporidinm. Cyst.
g &
2 =
5 =g
T3 sE
£% of Lost.
: 25
Size ; 9S v . Size I
ing. | 25 | Nuclei. < ;_:4 in .| Shape. | Color.
s gl E s | =23
= —~ ~ o
“ £ 2 2 g8 $
@ = ) o e9Q =
2 B L3 8 £ 8 ]
S 1) =1 2] @ @ 8
g z |2 i s |2
w 4] Y ] ~ -
'3 U SN P FPURN A Sporo- 8 None .. Paliemon roetiros-
phorous tris.
vesicle Palieinon serratus.
104 in
diamo-
ter.
L 2 RN PO PO HPRRIN Sporo- - 2 O DR JR R F Crangon vulgaris,
phoroue
vesicle
spheri-
cal, di-
ameter
12t014u
:2: 0 (R R PR P Sporo- - 25 PP PR PR A, Palsemonetos vari-
phorous ans.
vesiclo
elongate
fusi-
form.
D &2 IR DU PO SO x b 1] 520 R PN PR ceeeeseentitiianonanes
311
34 |......].... P e e PO Labeo niloticus.....
1 e P I [resenees Tinca tinca .........
Mijsgurnus foasilis..
T 20 R PR PPN ORI M, ) P *vevees..d Pimolodus olarias...
< P O A S veee.| Oval D U P P P vvseeo...| Tinca tinea.........
vosicles
3R Ceeiane. [FRN P Progént...ceeeceecan-.. Tinoa tinca .........
80 |...... O ! Cr T Dosti- [-ceueees]ernnns Presont....c.cceeeeen.. Mugil auratas
tute of Mugil capito .
a mom-
brano?
L Y L PO Nais proboscidea. ...
L S N N s 8 Ly 4'4].ceeeens]ennennn. Lucius lucius.......
e Y N Gobio gobio..... ...
: Cyprinus carpio ....
. Alburnus alburnus,
L+ 71 PP (RPN PR (R (R R R FORPURI R R Cyprinus carpio ....
T I e P S Abramis brama.....
L T e Abramis brama.....
46 |......| Vief-|.canan Very | Seep. 1 ..., 2to3 { Elon. (Whito .| Louciscus cephalus.
ble in numer-| 218. gato- Barbus barbus......
thin ous. oval. Phoxinus phoxinus.,
suc- Crenilabrus melops.
tions.
'Y 28 PO DU PRI O (A U I AN FUURRS +eeeeee.| Proudoplatystomn
| fosciatum.
L2 ) PR PN R ey e B ] LR I ERREEE Tinca tinct.ce..eae.
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Tabular key—Continued.

1

Pathologio
Seat. otlect.
Inter-fibrillar. ...... Muscular pare:
sis.

Inter-fibrillar.

Muscles ........ S PO
Branchim; spleen. .. ... ccceae cennne
Kidney. v

S¥ctcecccacencrocsrnationnenn
1

Spleen; kidnoy; ;
Lranchig(seo p213).’
OTNOGR. . cvvceevaanan

l ................

Branchial lamelle. .
Branchial Jamellm.

Fing and hranchim. .v.eeeeeees sennes
Brauchie. |
ranchisme. l

Branchim
Branchiw........... l ................

Branchim........... I

Branchim and fing,

Brapchiw kidney.
vary.

Remarks.

Dimonsions an_or- f....

ror? (see p. 215).

Branchial arches

| Brauchim.....cceeee|icoeereacs amaaasfsanssssomacasecens

TR (B

..} 8p. incort...
.| 8p. incert.

.| sp. incert

Genus, Species.
Thelohanix ..... OCtOSPOTA. cv.c ot
veeillO eeveeen...| glardi. ool

macrocystis ....

unicapsulatus . .

piriformis

inequalis

brachycystis. ...

sp. incert . ...

mugilis c.oeee et

oviformis

cf. oviformis. ...

8p. incert

wileri «oeceee--

sp. incort.cee...

bicostatus ......

49

Species No.

[
=1

Iv

39

40
41

42
43
44

45
40

47
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Tabular Ley—Comntinued.
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o —
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I
13 N ) (- SN I.. [ RO D X 07 Joeuujenooeann 0 X feees

;27 PR 1 SO UY DU R B ) B PR L ] Fr e J N e
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3 O PO - S U PO S N [ S D SO O U IO o | x
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1.

59 [....dO . ecennnana.. RPN R 2 N PR O I LT
B0 {....dO . ceciiueennn [ J PR N X FUUUUR R A 11 B
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6l [....dO :ieceneennens R S T T 0 X eaen

62 [....d0 ccceniannn.. RPN b PO S, X |eeeeen PR P 0 X X
03 .oedOeuenenanne VU U R S OO SO X e x 0 x| x
64 1....d0 .ceannannn.- R 2 R P s .- X | 0 X |eeen
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Tabular key—Continued.

Singlo.

cate.

More or less bifur-
i

X,

l

of U .
linlves), haives).'
0 0

; Double from base.

2 (na- -
ture!l?),

. i
X (aep- | (sep-” Fusiforn
aration avation

Sl :4|>.:)’2.|

i lipie.

- liptie,

Spore.

Qutline on
veriical
view.

)
elipaoid.

Resemb-

Lenticnlar
or oval.

Spatular..:
Broadlyel-

Broadly el

Drondly
rontd-ellip-
fic.

Spherieal .

Almost ox-
actly round.

Subeiren-
Inr.
I'rnnsverses
1y olliptic.

widoer in
frontL.

THmensions.

<= - Length in p,
: Dreadth in p.

.

n | 7

12 w6
i

14t 17
13.9

et

""" RS (P
| i
i
|
8 Gm'i (O PO
7.
Gor7 ' 8. d
Lossthang.... ...

Droadth. ‘

1

(.'-.n:»n‘.:\r.l

Indox

Caudal.

idze; presence and index.

R
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« | Nucelei ad plws tmne.

« | Species No.
@0

02
63
64

65
60
87

68

69

70
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Tabular key—Continued.

Myxosporidium. Cyst.
] &0
% =
'E o
= og
3. s
a%g o8 ITost,
3 ol
Size | == ] Sizo | .
inp.d 58 Nuclei. 3 a,:. in . Shape. | Color.
. 3| ¢ 2 23
S E&: B=] I =
= 2=} 2 e S © .
@ @ g‘ S s 8 2
2 =3 k=] A S5 g
g 3 | g B8 | g
2 =] ] [ Ay B
49 ool Large; Many. X [Usually ....-. Present or absent ..... Tinca tinca.........
an 2,
ob-
tuso
111 (RPN R R PSRRI TN TR P AP, leeens F Louciscus grisla-
‘ i gine.
L3 U O ] R S, S PO NP Prosont....ceeeneeaa... Barbus barbus......
720 (R P NI S | .............................................. Leuciscus oryth-
H rophthalmus.
24 0 PR P P N [P O S Pin's |........ Yellow-| Phoxinus phoxinus.
head. ish
white.
L P P F ! R M T ddmaz.| Round ; White.| Erimyzon sucetta
1. or ellip- oblongus.
tic.
|17 P R POUURIE SRR AN N I PO None (1)...... cereneas Cyprinodon varie-
gatus,
L1 N N s S DR RN P SPPU S l ...... Curagsius carassius.
67 Lo b S ‘ ........ Alburnus alburnus.
1 38 SO A P RN I [ ! Presont....... veeew....| Leuocisous rutilus ..
59 ‘“Gardon" .........
60 [P P 025t0]..n..... eemeeaan Coregonus fera......
0-33. .
[17 B PN DS FN .ee ........!...._,._ .............. 100 to| Tlat : White.| Stizostedion lucio-
2-18. pus- perca.
tules.
(12278 PP PN BN S S AU SO V- 1/ £ 7. 177 7N [N P, Frimyzon sucetta
i 050, | oblongus.
[ PO N FUUUUN R | SPURN FRI FN AU [T P Phoxinus fundu-
i loides.
64 1...... 0 |eeeiii]eennnnn. DY T PN N PPN PRI Y ieea. Morlucius morluci-
panspo- us.
roblust|
mem-
brave.
G5 3 . . .| Gobio gobio.........
. .| Perca Huviatilis ...
Leuciscus rutilus...
Coregonus fera .....
Tinca tinea.........
Luciua luciuns........
Stizostedion lucio-
perea.
Louciscus eryth.
rophthalmus.
Lucius lucius.......
[ PP O P PN PSRN FUUUTTEY IR Y PN Gasterostous aculo-
atus.
Pygosteuspungitius.
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Tabular key—Continued,

153

Seat.

Pathologic
ofloct.

Branchire airbladder,
l.vor, spleen, intos-
tine, il Lladdor
(8e0 p. 224,)

Musclos (seo also
Dp. 227-.228).
Splenic artery

Surface of head

Surface of head

Sides of Lody.......

Body cavity ........

Tnner surface of op-
ercle, pseudo-
branchie.

Opercle, branchim,
surface of head,
ns.
Branchial lamells. .
Bubsquamous ......
Gall bladder........

Kidney, body cavit;
kin, scnlos.y. ..... y
ll;:‘(lzlou of sides of

y.
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8uperticial inter-

Renal tabules and
Ovl!'y.

ELENY. - S
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L]
@
@
3
@
=
£
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.| 8p. iucert' ....... 52
8p. incert ....... 63
oblongué ....... 54
Dincased mass fun- |....d0-cceeeonen. lintont.......... 65
ﬁoid, 4 by 2 to 10
cee y “nm ........ UK ) SN ap.incort ....... 56
obesus...oeenens 67
.| eycloides ....... 58
8p. inoert ....... 69
spheralis -...... 60
ap. incert....... 61
globosus ....... 62
transovelis ..... 03
Each myxosporid- ....do?...cece-..| meorlucii..... .o 64
ium produces only
2 gpores.
............ .| sp. incort .......| 65
.| sp. ince ({1}
8p. incert. 67
zs8chokkel 68

N0 S

A0 eiieiennans

veelOueaceoncnes

.1 sroap.4]
i gee ). 61

see 8p. 3R .cene-

866 8D.52...--0 .o

of. oreplini . ....|'

L1

70
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Tabular key—Continued.
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Capsules. | , : 0]‘!‘ Symwotry.
- — - L - e
1 only. i 2orwmore in— | !
PR S )
A = |2scparated: -]
o |& = groups. =
Gencra. =z o @ R =
= | y =
El3s1 £ bo e =
=2 = ST =
£ |28 & 2z & & &
o i€ ;_I < 5o 1=, = . =1 '
A - = - 2.2 5 e
. e la ! S3 |2 == P o
S Iz e g ET S z &
% nigs & [ZEPEF 21 & 2 = z
=i A =g = = 3 i
z £l2% & |gE %8 = : 5 2
K> bt e S =, 28 g 33 < &
g g E 1558 EiE 81 % £
2, 2 &0 S92 E = 3 = =
wn (= - dg | = g 1 = w !
R R . .
H

-
=
=
=

o
n
e
=
I
F]
]
N
B

H
<

-
o
H
2
Qo
.
:
H
H
.
:
H
)
H
X
<
-
X
>

L U O b2 PO IS IO PP e 0 X (x)

T41....d0 . cacennnna.. b R N R I 0 X feeeeaens

70 |....

Mloedoveceennnnn.. b2 R X 0° [....0 X 0 X Sub-
ByIM-
muotrice,

£ O R P2 U SO SUPRON I veedeeee] 0 X feeeeenns
k£ PR T YN FUON IS % R IO ORI, IN v 0 X feeeeeans

80 /....do.ceeen..... R b7 P IR AP R el Xy 0 X X

o
w2
H
1)
S

............ deeieaes /2% PO PR P P R e

R 1, R
Ceratomyxa .

oo
X

. . . X (BpoTo- }.oc.....
' plasm uni-
latoral).

- <8

2

SN T, SRR FN ST IO NUSON FDPRIN SR IR SV TR FPR IR ST

85 ....d0 cecnununn... (RPN PN PP PR PN PO PRI S SR P P NN

80 |....d0 cevarennnnns PO PR N R B P J R T cieeeerecanafoaaciaes




—

<

( 0
yery
l'm?,
Ly x)
0

TIHE MYXOSPORIDIA, OR PSOROSPERMS OF i"ISHES.

Tabular key—Continued.

. Spore. lic
s 0 Indox. $
Tail. Dimeusions. ndex =
o g
Wesent. .a‘. E‘
e v
nglo. < g & §_
—— e . .E ." .
& Outline g1 ZieEl o
”, @ - = N F3
E . on voer- [ ad @ E :,.E S
3 ] tical tZ B g ERate
= 4 view Tength s 12 £ g IE E
n = ‘ in u. . SO Eeies a3 5
.l B3 & il B €« Yo | R | 2
=4 - S o o - | 2 . ERE] S
Z 1 5° = <18 °lg 5] Z2le | B |4
) © A1 & =8 E =218 2|3
0 S 3 S| £ Rt = |2 g8 B2
R 2 2l = |& 8 218 |32 ]
b= A ElE|R E S |8 |8 |» |#
i [ N S R I R R . -
b S P P Yusiform | 206030 f.ooofeeeeee- JUO PN P PR IO U N PO, 71
S PO s Ventri- | 173 |58]-eeeeet JRU PO Loraleofoeetoenns 72
Cone- little |
olliplic, ‘more. | .
X 0 ol Rody 9 |64 ]--eeeee U IO SO NP Xl 73
e 0 0 Body lon-|.cooeeeetf- B ERREE [ 2408 [eentenas e 4
'l"'_"" ticularor l |
Y) obovata. | P "
x 0 01 Bodv | Redy [6to; 4l d 050 (3tes; x| x: x 1
round- | 10toll. } i 10" :
lliptic. I U84
usu-| Many f......... cnpm ............ J S P R B R s 70
ally.| bifur-
cato-
tipped., { ~
X | X (sep-| % (rep-| Tancco- | Body 1975 to 3. x o0 2] 2 o
arationiaration| late. ’ 6. (raro-
of of ! . 1y 8).
hitlves).thalves).| .
X x| Ocea- | Body |OFbody.|-coefsemeen U IRUURETPRRE Loeees B Rt 78
aiun- | very dtod |
ally. | narrow. | times I
breadth. !
% X X Body |Body 13| 6 [About|.oohereosloonee Ftod| X |-eee|-eenes 9
ugually. ova 3 !
I
| N
X X X eeeeeeaces rotal | 4 [oeeeee 16 tor....o.]emeens 1] X |- 3| 80
30 to 40. i 8 :
X Round l..eeeeeel]s U PO O S PR foennen X |oeei B 81
or oval, H nu-
wharp Ck’;'
ante- | us.
riorly. )
0 0 X [Body fon| Body f.o-el-eemecepr J O P EE TR eeeeeees 82
ticular. | 8 to 10. ‘ ‘
0 (13 R TP , 83
------------------- PWidely feeeeeeoef : v
iotrans.
Pversely
‘oxtonded.
............................ T N e ceeeaef B84
_________________________________________ co ol cleeenn] 88
}
|
............................... P 3 UL AU UL NN PPRRL PPN (FEE S 86




156 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

Tabular Ley—Continued.

2 | Species No.

77

78

ki

8]

83

86

Host.

Myxosporidium. Cyst.
o
2 ;E
E £
e
Size -::'g Nuclei 3 Q’i Size Shape. | Color
in g, gg g “ . fé fzz.g in mm. | PRAPC .
O B = =
<% : | Z:
5 2 2 gL @
: S g2 | 28 |3
3 'é’ @ 5 @ 1
2 |8 ¢ | 8 g
2] 2] [ [ =
i
.......................... e 15 ) T PO I U
...... L R R CR TSNP RPN PR P [ 11317, 33 L N S
nlm%t[
2:18.
................................................ Large. | Lenti- | White
cular.
............................. veeerleaceeens|oeeaae] Pin's | Round-| White.
i head, ish.
.......................... N IS I U PO I,
................................................ 1| Sub- | White.
spher-
ical.
LR EXT T T PO PPN MUY SRS PR Prcsent...............:
................................................ 044t0 |........| Whit-
1-09. ish.
............ cevmeefieneianafeciiaiaiiiiii] .o .| 10 to 30 | Spher- (Yollow-
by 7 to|ical or | ish
20. oval. | white.
.......................... X 1(t) |......|Filbert|.eevenaoeneaann.
to small
walnut.

Form variable, mazimum dinmetor 35 or 40 u ; en-
doplasm destitute of sphorules; paeadopodia
eotoplasmic, lobed, flliforin variety absent;
nmyxosporidium destitute of prolongations.

Maximum length 85, maximum breadth 20 u;
form varinble, usnally subfusiform; anterior
end round, posterior attenuate, round, or mul-
tilobate: pseudopodia ectoplasmic ad plur, 8,
subfiliform, limited to anterior ond, maximum
lengtih 4 that of myxosporidiuin; movements
rapid.

Form irregular, variable; prolongations 1 tn 5
with endoplasmic axis and ectoplasmic cover-
ing, immovable. maximum longth twice that
of central portion ofmyxossmri:lium; soido-
pgiliu, ectoplasmic, lobed; pluce of origin vari-
able,

Gasterosteus aculo-
atua.

Pygosteuspungitiua.

Acerina cornua.

Synodoutisschal....

.| Aphredoderus say-

anus.

Hybognathus nu-

chalis.
Coregonus fera .....

Ameiarus melus. ...

Rhamdia sebe......

Pseudoplatystoma
fasciatun:.
Lucius lucius

Porea luviatilis ...
Coregonus fera

Coregonus fera .....

Onus tricirratus....

Dasyatis pastinica. .

Lophius piscatorius.




THE MYXOSPORIDIA, OR PSOROSPERMS OF FISHES.

Tabular key—Continued.

Subcutaneousinter- -
muscular tissue.
Surface of hoad

Branchial arches. ...

Bage of

second dor-
8al fin,

Membrane 1inin g
B Lranchial cavity.
ranchial lamellwo.

Branchim ...........
ranchiso.
torstitinl muscu-
A1 oonnoctive
tissue.

T ——
Seat. Tuthologic Romarks.
ottoct.
Renal tubules and 'oo..oooeeiiiiiis caeieneeeien e
ovary.,
se..do

Muscles ............ i

Kidnoy .ooeeuennnn.
Gall bladder

Gall bladder

Gall bladdor

Gall bladdor

Binporngmuonis
|~ generio feature.

AMyxosporidinm  bi-
:pororzonetic.

Myxosporidium  bi
sporogonotic.

+ Myxe

....do
Cerat

Genus.

bbolus .....

OMyxa ...

Specios.

medins

creplini

strongylurus ...

monurus

lincarig.ec.ceee.

schizurus.......

psorospermious.

kolesnikovi

8p. incort

diplurus........

appondioculata ...

157

Species No.

76

77

78

79

80
81

84

85

86




158 REPOKT OF THE

COMMISSIONER OF FISﬁ AND FISHERIES.

Tabular key—Continued.

Spore.
Capsules. . Shell. V‘?l'i,“' Symmetry.
1 only 2 or more in—
6 % :'E; 2 separated :
< (& Z groups.
Gounera. El gal 5 e - o=
Z |5 -] — .
ERES S a g G b
2 > = .
2125 5| E5 |Sa| B (o) (%
. g2z 8 2 | == ce Z|e|% 5
S “1gel & €% 1E£E E- | Bls g <
“ g2zl 2| =3 |Zs 221545 £ |%
3 EiE° 5| 81 |£% 28050l B Ig
S it LIS Y I~ ] 2
2, glg | B | «E |32 5 (2% |5 = =
n o © - << k=1 - \“: 1 J = A
87 |Coratomyxa ceee-- I 3 PRTURN IS X 90° | 01 0% (sporo-
plasm
unilat-
vral).
Vf Chloromayxum [....|.... 2N PR U D SR PPPP o] o 0 X ..
(b&vhwrosporu).
F20: 70 P (IO PR P 3 R S R O .../ 0f O X .-
F{ TRV’ L SRR AP PO 2R PRI PPN X g l....l 0] © X X
00 |....d0 ceeeannnnn PO PR P (2) [oeoevmenna]anaaes X 90° |....feee O X
01 1....d0 cveecncnnnas|. PR P (2) |-vecemnnnntonanan X Appa-l....|....] O X
rently,
900,
f17 0 PR’ [ TSR RN PR b2 PP PN SR PP P . 0 0 X ..
V1| Chloromyxum |....)..- L P X« 90Nl 0] 0 -
sons, strict. ;
[*& 31 SRR U T RPN PN L O P FUUIR SO PR e 0 ..
¢ 3 PN 1, TR ceefens S P T T T P R I ..
95 |....do...... veeenn R [ 3 PRSPPI R vee X 00°(7)}--..| O] © X .
[ 8 PPN [ SR PN RN SR M [ s R seedeend 0 X
VII Cystodiscus ..... RPN SR RO X X 000 [.eeiieaed X X X
97 |eeeavcnaceces comnenn veoifeneiteanaan 1 atench tee....| X (valves | 80° ;....L....I X x X
ond. oblique to
transvorse
planoe.)




THE MYXOSPORIDIA, OR PSOROSPERMS OF FISHLS. 159

Tabular key—Continued.

—_—_— Spore. g
I\ : . Index. 5
Tail. Dimonaions. £
—— ; g
— o — @
Prosont. = -;_
——— e .|
Singlo il & . g2
e ) £l s R
5 Ontline > -] = [°8] &
& ¢ |on verti- k] ‘ 2 g 8E =
~ % | cal view. .| 8 E E'S S |a E
@ B ' . L2, EE g 5 g
. T =} 4 ES als I P g o =
= L s a 1=} AL 1Y 5
.| 2 s & o = Zl% . o - gis |~ 2
1% [5°1 3% p = 151218 1Bl (2B : .
g5 |2 3 t 2 CRR IR |13 lgis ! 2 0%
= 2|5 3 = s Z | = g g [ 5|3 < S -
<5 g @ 5 =15 & g R S S S - )
R =} M A alR ~ &) o |& &~ PR
FS A 2 _ - [ R S o f——
x Trans- 8to 12 100 (. ...|.-- X |ecean- vevame] X eeeiieaiann 87
vorsely v
subison- -
coles-tri-
augular. :
Lo T U PN UUURN F SO IEUTURp Rl e U F vI
! i !
i i
X oo, Sub- 3 81012 eeeeeiens S P PSP AU X [oeeaeans 88
sphcx\
1cal.
b T PO N IO Trans- 6 8]..... 3o X |Aboutl...... = ERETE 89
vorsely 35, 0. 50. b E . |
clliptic. . b 5
X Lces T P O CEE T ] ...... 90
x i LIS I I . [ 91
bl SR ORI Oval, |10to12 2 T PO PPN SO, SO . L 92
pointed
anteri-
orly.
P S R I ]Sub- N S B P JR L P R LR bt [P PR PO VI
‘sphorical.
Lo P SR A, SCunente- [oooieaaen]oemeaees J T T P P LT TR EER A ERITEEEE 93
ovate.
X ... RO P, CUNento: ceveeeeasfen reeans B P D R PR 4
ovatu.
2S5 PR OO s Noarly | 6t07 [-eceeeees B B e 3] PP 95
sphorical. '
X feeeaideeidoaannn Subspher- ad MAT. |.ocerenee R N S P S e J O SO 90
ical, mu- 8.
cronnte
nutlcri-
orly.
b3 PR IS SO S TFusiformleceeeeens|oecaenzas JRN RN PN FUSN PO 23 PO e VIL
Lo T DT PPN S Round- | 12to14 01010 [.........0 4105 [L...iieaan.s X feeeelocacen 97
fusiformn. i thues
tlongth
Ao:’sl»uro
T




160 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES. .

Tabular key—Continued.
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NON-MYXOSPORIDIAN.

1. Psorospermia scizna-umbre Robin, 1853.} Pl 1, figs. 1-4.
Hist. Nat. des Végét. Parasites, pp. 314-321, pl. 14, figs. 14, 15; pl. 15,

Robin defined the species as follows:

Collul® ovoidew vel raro sphericm aut ovoideo-elongatm; coriacew, intus aranu-
losw, achromaticw, luteo-succinem vel luteo-fuscae. Long., mm. 0-027; lat., mm,
0-018; sphericse, mm. 0-017. In stratis (colonim) indelinitis, vel cylindricis, fila-
mentosis, circulatim flexuosis, continuis cohwrentes, ruro isolatae.

Hab. Infra membranam mucosam cavi branchialis insitam in septo abdomino-bran-
chio sciene-umbra,

The species consists of three varietics. The description is Robin’s
condensed and rearranged.

Vartery 1.—(Robin’s plate 15, figs. 2a, b; 4a, b; 6.)

Microscopic.—Cells ovoid (27 by 18 ) or spherical (diameter 17 "), a
little flattened on one side, having an amber-yellow tint with a white
shining reflex, strongly refringent, rescibling fat drops; ovoid cells a
little flattened with clearly defined borders and double contoured walls
(1 n thick) rupturable by pressure, cell-contents then escaping. Con-
tents clear, yellow, homnogeneous, strongly refracting, liquid, in which
float 5 to 8 or more, strongly refringent granules, 1« in diamoter. Cells
not altered by acetic acid or aminonia. '

Macroscopic—Cells cohering into grayish yellow, flexuous cylinders
(colonies) 0°5 mm. in diameter (plate 15, fig. 1); length sometimes 1 1n. or
more. Cylinders convoluted, circular, endless, usually united in pairs
by a double or triple delicate transparent connective tissue sheath
(fig. 2¢, £, g), the whole forming a delicate string rolled upon itself, in
every direction (pl. 1, fig. 1a of this paper) into a flattened spherical,
lobulated or nonlobulated mass, whose size varies from that of a nutlet
to that of a fist.

Variery 2.—(Robiw’s plate 15, figs. 2¢, d; 4o, d.)

" Microscopic.—Cells ovoid, white, colorless, transparent, with a shining
reflex, with more numerous and larger granulations than the other
varieties. .
Macroscopic.—Cells united into opaque, milk-white, filamentous, con-
tinuous, endless cylinders, cither by simple cohesion or by amorphous
matter, which latter forms around each cylinder a (hardly perceptible)
" thin enveloping membrane (plate 14, figs. 2¢, d; 4¢, d). Theso fila-
ments are only visible under a lens, being only 35 to # as thick as the
cylinders of the first variety.

1This spocies was first described as a constituent part of the hody of the host by
Robin, in his paper “Anatomie d’un organe découvert sur otbre (Sciena umbra)
read to the Société philomatique Nov. 28, 1846 (Proces vorb. d. 1z Soc. philomat. Paris,
1846, p. 140; also Journ. I'Institut No. 683, Feb, 3, 1847, Paris, XV, p. 41). Not scen;
Jfde Robin, 1853, p. 314,
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Vanigry 3.—(Robin’s plate 15, figs. 3; 5a, b; 8.)

Microscopic.—Cells regularly or irregularly ovoid, alittle smaller than

those of the first variety, brownish yellow, preseuting a peculiarity
fOlln_d in no animal cell, viz, a round opercle. Cells unaffected by
acetic and nitric acids, and by ammonia.
. Macroscopic.—Colonies of variety 3, consisting of small lenticular, or
Irregular brown or white masses scattered here and there at the base
of or below the lobes, and especially over the submucous surface of
the parasitic convoluted-string mass.

(1) Brownish masses.—2 to 4 mm. thick, composed of masses or
colonies of irregular, cupped, operculate cells, the whole enveloped by :

a layer of cellular tissue containing very fing capillaries. Masses some-

times sufficiently namerous to color quite an area of the mucosa black-
is absent, brown

ish brown. Further, when the convoluted-string mass 1
bodies may occur in the same situation. Thesoe bodies are ordinarily
accompanicd by small pewsized,whitish corpuscles, composed of round
granules measuring about 0-20 mm., formed of strongly united fibers of
cellular tissue wound around a small transparent, appareutly calcareous,
body. It contains in the center 1 to 8 or 12 cells, farnished with an
opercle similar to that above described.

(2) Whitish masses.—Composed of grains formed of 2, 3, 4, or 12

(rarely 1) cells, surrounded by & thick cellular tissue layer, the fibers of
granular matter, the

which are strongly united by amorphous finely
Whole forming rather hard, white, spherical or ovoid grains, § to £ mm.
in size, often clearer in the center. ’
Oalcareous granules forming an ov
sharply defined borders (the latter some
whitish, nore or less ilattened, friable, irreg
iliary masses. Granular mass destitute o

being confined to the tissue sheath. ' :
Some masses are hard, yellowish white, of variable form, composed

of operculate cells, calcareous granules, and a great number of very
large, quadrilateral or rhomboidal, tabular crystals, the latter often
piled up,insoluble in acetic acid,in which only the calcareous granules
disengagoe some bulle of gas. Calcarcous granules also occur without
crystals, being in this case whiter and less yellowish. .

The convoluted string (cordon enrould),—As described above, the cells
of varieties 1 and 2 form continuous (endless) cylindrical filaments,
those of variety 1 forming yellow filaments, those of variety 2 forming
white filaments. The convoluted string is usually 2 formed of 6 of these

al or circular mass (fig. 5) with
times split); granules forming
alarly lobulated, pea-sized
¢ vascularity, the vessels

as 0°06 mm., but as he says the colls are smaller -

'Robin gives the size of tho opercle
lougth is 0027 mm.) this must Do an error, pos-

than those of the first variety (Whose

sibly for 0-006 mm.
2Sometimes, however, ouly 2 filaments (instead of 6) ave prosent, viz, 1 large

Yellow filament (instead of 2), and 1 (uot 4) thin white filameut. Also (very rarely)
the convoluted st;inglcoutuins only 1 (instead of 8) white filament (variety 2) and

2 or 3 succossive enveloping sheaths.
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filaments (arranged in two series, @ and b below) together with a con-
nective tissue sheath (¢ below).

(a) Iirst series, composed of one yellow filament (variety 1) and two
white filaments (variety 2), the latter applied one along each side of
the yellow filament. One of the white cylinders is always flexuous, the
other always straight and without undulations.

(0) Second series, consisting, like the first, of a yellow filament (vari-
ety 1) accompanied by two semitransparent, hyaline, whitish filaments,
which resemble the previously described ﬁlamentq in being continuous
and endless, but which appear not to be composed of cells. They consist
only of a thin wall filled with a semiliquid, finely granular substance.
Oune of these whitish filaments is flexuous and undulating; the other,
instead of being straight throughout its whole length, undulates a
little from place to place.

(¢) Sheaths formed of conuective tissue of the host, penetrated by
delicate capillaries.

Payrasitic mass (as a whole).—Showing through the thin covering of

‘transparent mucous membrane of branchial cavity as a grayish or
whitigh mass of convoluted strings (varieties 1 and 2), strewn with small
brown masses (variety 3) of the size of a pea. Size of parasitic mass’
varying from that of a millet seed to that of a large goose egg. Some-
times voluminous on one side and small on the other; sometimes cowmn-
posed of two or three separate lobes. Iorm inconstant, generally con-
sisting of round or elongatedlobes. Arteries and veins few, extremely
delicate; derived from vessels of neighboring muscles, which, with the
loose submacous tissue, form the only bond between the mass and the
tissues of the host. Injection with mercury (of the connective tissue
sheath, described above under variety 1) demonstrates that the mass
consists of closed lobules. When filled with mercury, no escape of the
metal occurs unless greater pressure produces rupture. When very
small, the mass may be unrolled and shown to cousist of a convoluted
string.

Habitat, etc—Submucous connective tissue of branchio-abdominal
septum (between scapular and last branchial arch) of Sciwna umbra.
Aimong 9 fish (male and female) examined in September, it was absent
in 4. The size of the 5 bosts varied from 1-30 m. to 170 m. Sometimes,
but rarely, variety 3 exists alone, the usual condition, however, being
‘that varieties 1 and 2 are present together and are accompanied by
small colonies of variety 3. ,

Nature—Robin regards it as referable to the Diatoms. Lieberkiibn?
says that:

The psorosperms of some marine fishes recontly doscrlbed by Robin bohave in
every respect like Trematode eggs.

‘Whatever other view be taken of its affinities, this species is cer-
tainly not myxosporidian. As remarked above (p. 72), the generic
nawe must follow the type species.,

' Miiller's Archiv., 1854, pp. 10-11.
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2. Lithocystis schneideri Giard, 1876. Pl 2, figs. 1, 2.

Sur une nouvelle espdce de psorospermie (Lithocystis schneideri) parasite do

Y Echinocardium cordatum; Compt. Rend. Acad. Sci. Paris, 1876, LXXXII,

Pp. 1208-1210; transl. Aun. Mag. Nat. Hist.,, London, 1876, xvIi1, pp.

192-194; also see Biitschli, Bronn's Thier-Reich, 1, pp. 590, 602; figured in

Schneider’s Tablettes Zoologiques (fide Pfuiffer, Die Protozoen als Krank-
heitserroger, p. 49); ib. Porrier, 1893, Traité do Zool., p.459.

Cyst unknown.

.Plasmodium.—Forming shining black (pigmented) irregular masses.
Size varying from that of a point to 10 mm. by 4 or 5 mm., aspect and
cousistence similar to that of the myxomyceto plasmodia; surface of
;““BS showing hyaline cysts with a structureless membrane, 2 mm. or
€SS in diameter, containing one or more, rarcly several, white poiuts
(crystal masses) and spores, the latter arranged in an irregular sphere.
Spores situated at the extremities of filaments, which radiate from a
central point, at which is a nucleus of a yellowish substance. ~Each
Spore is sustained by 2 filaments tangential to the extremities of its
Shorter axis. Wherever possible (principally in the larger cysts), the
Spores become, at muturit;y, so rearranged as to form a number of little
groups; spores cohering by their previous periphemlly-placed portions.!
At the same time the two filaments become applied to each other so as
to form a single tail-like filament 3 or 4 times the length of the spore.
The little groups then resemble colonies of Flagellata, but the taillike
filament remains motionless. The coherence of the spores is due to a
Secretion produced at the adhering ends of the spores.

Orystals insoluble in acetic acid, soluble in nitrie acid, broken up at
Maturity of cyst, forming a sort of network, which secms to function
Somewhat gimilarly to the capillitium of the Myxomycetes in the dlSSfilnl-
Mation of the spores. Pigment of plasmodium believed to be derived
from host, The amabe present in the fluid of the body cavity of t.:he
host are regarded as originating from the falciform corpuscles, which
are seen to slowly lose their form, and Giard believes them to produce

¥ their union and growth the plasmodia.

8pores.—Fusiform, length 6 to 10 44 breadth 1 to 2 u. Some cysts
(aDDal‘ently the smaller) produce microspores, others megaspores, both
of Which classes differ from the ordinary variety of spore mainly in
being more inflated towards the middle. Spore with 2 filaments (subse-
quently becoming 1, as above deseribed) tan gential to the shorter axis.

ontents of spores merely a granular protoplasm, or from 3 to 6 falei-
form corpuscles in course of formation, arranged around a central resi-
dual mass, which latter is finally redpced to 2 or 3 strongly refringent
&r anules, and may disappear at maturity.

Effects.—The parasite causes the formation of small nodosities on
the inner surface of the tost,which may enable us to recognize the

Presence of this parasite in fossil Echinodermata.

‘Le., the portion corresponding to the ¢t anterior pole” of a myxosporidian spore,
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Halbitat.—Body cavity of Echinocardium cordatum (sea-urchin), par-
ticularly against the test between the mouth and subanal plastron, and
especially toward the conical point which terminates the plastron
inferiorly; also frequently on the inner side of the actinal curvature
of the intestine.

Nature.—Giard says:

I have found nothing resembling the Gregarines, and the whole of the facts
observed lead me to approximate the parasite not to the lower animals, but to the
lower plants (Myxomycotes and Chytridinea’); on the other hand, the spores being
identical with those described us arising in the cysts of the Gregarines, one may ask
whether the relation of the Psorospermie to the Gregarines is not a relation of para-
sitism rather thau of genotic bouds.

Prof. Biitschli, the only other author who has (as far as I know)
commented upon this form, says:!

It may indeed be possible that an organism as yet unfortunately only briefly de-
scribed by Giard, his so-called Lithocystis schneideri, oceupies a sort of middloe ground
between Gregarines and Myzxosporidia, since it combines the plasmodioid nature with
tho production of&pores similar to the Myxosporidia, together with the developmont
of sickle-shaped germs in these spures. Unfortunately, however, as said, Lithocystis
hasnot yet been fully described, so that the decision is at present somowhat diflicult.

Prof. Lankester * places Lithocystis among the genera of the Myxo-
_ sporidia. Pleiffer?® says that this species forms ¢a transition to a still
unknown side.”

Remarks.—Tirst as to Giard’s opinion, which is entitled to especial
weight as being derived directly from a study of the form itself, while
Biitschli’s is here to a certain extent an opinion of an opinion. In
Giard’s article I fail to find the slightest indication of a desire to approxi-
mate Lithocystis to the Myxrosporidia. True he calls it a “psorosperm,”
but he uses this term in a very vague sense, its scope appearing to be at
least equivalent to that of the term Sporozoa. TFurther he states that:

The whole of the facts observed load mo to approximate the parasite not to the
lower animals but to the lower plants (Myxomycetes and Chytridinew).

Then he argunes that since the spores of Lithocystis are identical with
the spore-like contents of the gregarine cysts, perhaps the latter
(which he also denominates “ psorosperms”) are not gregarine spores,
but gregarine parasites.

Prof. Biitschli, however, says that while its spores agree with those
of the Gregarines in containing falciform germs, Lithocystis possesses
in common with the Myxosporidia, a plasmodioid nature and the pro-
duction of similar spores.

' Es wiire sogar miglich, dass ein bis-jetzt leider nur fliichitig von Giard beschrieb-
ner Organismus, seine sogenannte Lithooystis schuoideri, eino Art Mittclstufe zwischen
Grogariniden und Myxosporidien einnimmt, da er das plasmodienartige Wesen mit
Erzeugung iibnlicher Sporen wie die Myxosporidien, sowie der Hervorbildung
sichelformiger Keime in diesen Sporen vereini;;t. Leider ist jedoch, wie gesagt, die
Lithocystis noch nicht eingehend beschrieben so dass jhre Beurthcilung bis jetzt
etwas schwer fiillt (Bronn’s Thier-Reich, 1882, 1, p. 602).

. 2Encycl. Britan., 1885, 9 ed., x1x, p. 855. .

3Die Protozoen als Krankheitserreger, 1890, 1 ed., p. 49,
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o reer much (o ltle) this may provo ss o the stability of body-
the Myo 10 . }'e'gmtm‘es, T can not see that it proves anything as regards
Spore spor idia. '1« urther, I can not see any resemblance between the

S of Lithoeystis, which contains falciform germs and no capsules,

angei‘}:“; Ozb.l)sulate lpyxosporidizm spores.

Fiual(l)lr includes xt‘among the Myzosporidia.
last 1 ¥, the following excellent I)a.p('}r (seen and incorporated at the
l‘emovor‘nent) seems to settlo the question beyond doubt, and serves to
list., e almost the last ¢ transition” form from the taxonomic doubtful

arasites des Echinodermes; Rov. Biolog. Nord

L. Cuénot: Commensanx ot p o er: it PR
chneideri Giard, pp. 4-G, plate

France, Lille, v, Oct. 1,1892; Lithocystis 8
1, figs. 1, 2.

T -

h he following is an abstract:
Prob schneideri i a perfoctly typical monocystid Grogarine; the gregarine stage
the él'bly oceurs in the digestive tube, being rarely encountered in the body cavity,

Tegarine probably encysting soon after travorsing the intestinal walls. In fact,

c B .
I8t8 are encountored upon, but not attached to, the intestinal wall. In the body

Cavity ¢y . . s
: 6 Grogarine was always found (whother accidentally or otherwise) in the

Eltistiofa I‘nass of cysts. Gregarine ovoid,
e, uclosing o rather large number of clinor
€ysts; a volwminous nucleus, with Jarge nucl .
maztulzses of the spherical eysts, well described by Giard, ocour of nl} dime‘nsions (ad
. *1t0 2 mm,) in different regions of the body, especially on the intestine a.r.nd on
rest oral gurface. They inclose a considerable number of spores and a volu.mmous
of Segmentation riddled with tho same crystals that occur in the Gregariue.
endp:‘“ of variable dimnensions (megaspores 24 u, micr:ospores 12 ,u‘), ovoid.,'distnl
" ingg oatly truncate, proximal end rounded; spores Jimited by a unique refringent
ub, egumel}t (endospore) situated at the oxtremitios of smn.]l,_\'el‘y delicately walled
8, which latter form a sort of more or.less undulating epispore.

OY;‘lol"]es arranged, at least in the large cysts, in a number of small, radial groups,
“Dor:( by the convergence of the tubes to a common center. Contents of young
Test, Ozgra.uular; of mature spores 8 falciform corpuscles (4 at each end), and a central
of th segmentation. The falciform corpuscles are Probflbly expelled on t'h‘? death

€ host, and other Echinocardiums naturally becomno infected by swallowing the

un. Containing them.
o t‘f;‘;(mt id.enticul with the products o
tiagy host; if specially condensed around the
©] expenditure necessitated by their considerable growth.

o Presence of small nodositios on the tost conld not be determined.
Sidel;B cysts, united into more or less voluminous masses, are surrounded by' o con-
ot able mass of black pigment and of ammboid cells., the ln:tter very evidently
of t‘mocmdium amebocytes accumulated around the foreign bodies. The latont life
Pro © cysts is probably not very long, 8 there are frequently seen, apparently ?n
of m‘:‘;‘;e;)f dogeneration, small ones inclosing only empty spores absolutely devoid

‘:‘: In all the other Monoocystids stu
e truncato, the other rounded an

of .
the oysts is appreciably different from &

about 65 u long, protoplasm very vacuo-
Lombic crystals, which also occur in

eoli, is present.

£ dissimilation spread through the tissues
o cysts, itisasa result of the [increased

died, the Lithocystis spore has dissimilar poles,
d furnished with a long tube. The struoture
11 other known Monocystids.
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3. Genus et sp. incert. Pl 2, fig. 3.

Parasite of Gadus callarias, Miiller & Retzius, 1842, Ueber parasitische Bild®
ungen; 1. Ueber eine eigenthiimliche Krankheit dor Schwimmblase peint
Dorscl, Gadus callarias, Miiller’s Archiv., pp. 193-8, pl. 8, fig. 1; ib., Rayef,
1843, Rayer’s Archiv. de Méd. comp., 1, pp. 284,287-9, pl. 9, fig. 14; ib., Loy
dig, 1851, Miiller's Archiv., p. 22, mention only; psorosperms of G. callariad
Robin, 1853, Hist. Nat. Végét. Parasites, pp. 291, 309, pl. 14, fig. 1; ¢ psoro
sperm of bladder of codfish, St. George, 1879, Ucber die Feinde der Fische
Cire. 3, Doutsch. I'isch-Verein, p. 178, and ‘Rep. U. 8. Fish Com. for 1878
(1880),v1, p. 510; Myxosporidian? Coccidian Biitschli, 1882, Bronn’s Thier
Reich, 1, p. 591, footnote; psorosperm of Gadus merluccius (error)! Bal-
biaui, 1883, Journ. de Microgr., VI, pp. 145, 280; ib. (error),' Balbiani, 1884
Lécons sur -les Sporozoaires, p. 122; ¥ psorosperms of cod, v. d. Borné
1886, Handb. d. Fischzucht u. Fischerei, p. 211.2 -

Adult unknown, :

Cyst.—Unknown, Pathologic formation consisting of a whitish-yel
low, pasty mass drawing out into threads of a greasy, dirty character
mostly diffluent (evidently less advanced), witha firmer portion surround-
ing the softer, in quantity about 6 luid ounces, odorless even after several
days exposure to the air; microscopic examination showing it to consist
of the below-described corpuscles with a small amount of granular
matter, the whole imbedded in and held together by a mucoid sub-
stance.

Spore.—Best described by comparison to a ribless ventricose Navi-
cula or to AgardWs IFrustula caffeaformis, elliptic, length pretty uni-
formly 14 to 17 u, consisting of two valves,the substance of which i8
shown by complete decomposition upon ignition to be nousiliceous;
their carbon incinerates with difficulty; each valve of an elliptic outlin®
with a convex outer and a concave inner surface, usually in eontact’
with its fellow of the opposite side by the inwardly convex middle
portion of its border, the borders of the valves diverging towards their
ends; sometimes obliquely set so as to be in contact by one end only,
sometimes in contact for their whole length, thus forming a lenticular
corpuscle, along the median line of which the junction can be plainly
traced; middle of valves cemented together by a mass occupying parb

" of the body cavity; mass showing more or less plainly a number of
large and small granules, and apparently destitute of a surrounding
membrane,

Development.—By far the largest number of the corpuscles are desti-
tute of a surrounding membrane; some were, however, observed heaped

! Prof. Balbiani misquotes the name of the host as ‘“ the merluche, Gadus merlucoius.”
The context (he refers to the diseased air bladder) renders it ovident that this is 28
error for @. callarias, and not (as might be expected) for G. merlangus. Inforentially
from his language ho regards the form as myxosporidian. Verugia: (Boll. Scientif
Pavia, 1890, X11, p, 134) has followed Balbiani’s misquotation.

$4¢ With the cod [Gadus morrhua) and mackerel [Scomber scombrus] tho develop
ment of ]Jarge psorosperm-lumps with great emaciation and later ulceration is very
well known, and not rarely there occurs in freshwater fishes, from the same cause, &
great mortality.”
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30?11;1 iili‘f:logetlxel' into irregular clumps. Many such clumps had no sur-
Severa] g %nembrane,’ but some sho'wed such a mgmbrarne cor_ltmmr.lg
cel‘nil;] corpuscles. The feat:u.res of the latter bodies were plainly d1§-
Slage § throug:h the enveloping mel_nbrane. T.he corpuscles at this
in £¢ are unsplit, the valves being united for their whole length, form-
shg a lenticular corpuscle. Further, similar cysts were seen which
owed no developed corpuscles, but only large granules. TIinally, a
Humber of separated valves may be seen. TFrom these facts Miiller
con".llldes that the corpuscles in .quest,ion develop several in a cyst, are
8¢t free unsplit, subsequently the valves separate, at first partially, at
a8t probably entirely, and then perhaps the cycle is repeated.
Habitat,—Air bladder of Gadus morrhua (= callarias), cod.
Nat“"e-—Robin includes it among the ¢ psorosperms.”
T. L. Wittmack ! refers to this as a psorosperm.”
Oncerning this form Prot. Biitschli® says: ,
Ofltth‘;})}')eurs to me quite questionable whether these psorospo.rmifo‘r'm. puse
air bladder of Gadus callarias aro to be referred to the Myrosporidia proper or

o8 e Coccidia. Their structure appears to approximate itself rather to the latter;
Pocially in the sbsonce of the polar capsules so characteristic of the Myzosporidia.

n it, and have, therefore,

corpusclea

_tan see no myxosporidian structure i
Omitted i, from the)sub(lz)lass. .
. Fects.—Mucous membrane of the air bladder .red and swollen, infil-
Eo?.ged by the parasitic mass. Tail unusually thin m.ld shrunl'{en, tpe
a barts being markedly atrophied, the muscular tissue having dis-
C:I:peal:ed~ Further observation must determine the constancy and
a USality of relation between the two conditions. Such atrophy is
Ppal‘ent.ly not rare in Gadus, as the fishermen at Boluslin knew the
'Sease and informed Miiller that it rendered the fish unfit for food.

Tiiller says that the difference betweon this form and th(? psoro-
Permg of fresh-water fishos is as great as that Letween different

8Cuery, of animals.

Atrophy of tail of Merlangus merlangus.’

The following observation probably can not be better placed than as
1 abpendix to the similar disease of G. morrhua just described. Among
he Mediterranean fishes collected by Mr. Peters, Miiller and Retzius
d & Gadus merlangus affected with complete atrophy of the tail
m_us(lles, the tail being composed of pothing but skin and bone—not the
'€htest trace of muscular tissue remaining. The junction of the nor-
al anq atrophied tissue was abrupt and was situated at the root of
€ tail, Unfortunately, the air bladder had not been preserved.

! Beitriigo zur Fischeroi-Statistik d. deutsch. Reichs, 1875, p. 191, footnote.

:Bronn’s Thier-Reich, 1882, 1, p. 591, footnote.
Miiller apa Retzius, 1842, Mliller's Archiv., p. 198; soc also p. 172,
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4. Genus et sp.incert. Pl. 4, fig. 1.
Entozoan of Salmo fario, Valentin, Ucber ein Entozoon im Blute von Salm¢
fario, Miiller’s Archiv., 1841, pp. 435,436, pl. 15, fig. 16; ib. Leydig, 1831,
Miiller’s Archiv., pp. 11,12; cf. Davaine, Trait6 des Entozoaires, Paris
1860, p. 1.

Ameboid stage.—In blood obtained by puucture of the abdominad
aorta of Salmo fario (brown trout) Valentin found, besides the blood
corpuseles, some dark globules similar to round pigment cells. They
have a quick, tremulous motion, also a definitely locomotive one.
Observed for some time, a clear “tail” comes into view, which later
elongates; there thus becomes revealed an elongate animal with a rapid
motion, mostly of rotation, effected by 1 to 3 variable processes of one
side of the body. Anterior and posterior parts clear; middle portion
containing numerous dark corpusecles, perhaps pigment particles which
it had eaten. When rolled up into a ball it often had the appearance
as though each club-shaped process of the body contained one of the
globules (pl. 4, fig. 1¢). No finer structure could be detected. Size 7'3
to 12:56 4. Sometimes & round opening appeared to be present ut the
anterior end. The posterior end is somewhat striate. The variable
processes always appear in the drawing as they would be seen in the
microscope on the right side. Perhaps the club-shaped peduncles are
to be reckoned as such. In drawn blood they remain living from 6 to
8 hours.

Nature.—Theso bodies are, Valentin says, probably roferable to Pro-
teus or to Amabea, of which they certainly form a new species, difterent
from all of Ehrenberg’s. Doubting at first whether these organisms
really belonged to the blood, Vaientin investigated the whole fish. He
failed to find, either on the peritoneum, or in the kidnecys, intestines,
air bladder, brain, etc., any trace of these infusorial Entozoa. Only
in the fourth ventricle (the tavorite seat of the microscopic intestinal
worms) did he find a single specimen. On the contrary, they were s0
numerous in the blood that often a single droplet contained 10 or more.
The blood itself presented nothing worthy of note. The fishes examined
showed numerous examples of Ascaris obtuso-caudata Zedér. No other
intestinal worms were found.

Leuckurt! says:

Still less is the gregarine nature of the entozoan found by Valentin in the blood
of the trout to be mistaken.

Lieberkiihn regarded it as an ameeba. It could not, he says, be &
Gregarine, as it lacks a nucleus.?

Although this form has been referred to the Myzosporidia by Leydig)
the evidence to sustain such reference is wanting, and at present its
myxosporidian affinities can not be regarded as proven.

1 Archiv. f. physiol. Heilkde, 1852, xr1, p. 431.
$ Muller’s Archiv., 1854, pp.11,12. For Lieberkiihn’s subsequent change of vieW
88 to the necessity of the presence of s nucleus in the Gregarines, ses pp. 95, 96.
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S. Balbiania rileyi Stiles, 1893. Pl. 3, figs. 1-5.
(Psorosperms of . mallard duck, Leidy, 1875, Proc. Acad. Nat. Sci. Phila., XXV1I,
p. 125),
Balbianiq rileyi, Bull. 3, Bur. An. Ind,, Dept. Agric., pp.80-84, pl. 2, figs. 1-5.
Dr, Leidy’s description may be summarized as follows:
Cyst, oval, white, 2 to 4 mm. long, 07 mm. thick. Contents, myriads of fusiform
°°I‘Ifusc-les. Spores fusiform corpuscles resembling minute navicelle; length 17u;
abitat, encysted in interstices of muscles of the mallard duck (4dnas boschas L.).

L ature.—Leidy says that—
Similar bodies were first discovered by the late Prof. Miiller and desoribed by him
Unde}- the name of psorosperms. They have heen repeatedly observed since by
Stziug, Robin, and others, in the muscles and other parts of fishes, and thoy are
Usually regarded as vegotable parasibes. Though the mallard is not a fish-eater, tho
ird may have become infocted by eating infected fish. :
. From this extract it might not unnaturally be supposed that in this
Instance « psorosperm ? referred to a myxosporidian. ’
Recently Dr, C. W. Stiles has reéxamined the subject. He studied
Material from two hosts and five localities, including one lot labeled:
Oval, smooth bodies, no limbs. In muscles of Mallard, dnas boschas, Dr. E.

Coues. Ex. yan. 29, 1890.

The following is the diagnosis: )
Parasite 1 to 6 mm. lon g by 048 mm. broad ; rather fusiform, ends not
2, thick. Central core

Sharply pointed. Cuticle not striated, about
Dot coloring and not containing falciform bodies. DPeripheral zone
a8 broad as central core (016 mm. to 0-16 mm.) or even broader, coloring
I various liquids (acid carmine; methyl blue), containing numerous
alciform bodies. Form of meshes irregular but elongated radially.
“alciform bodies 12 to 14u long, more pointed at one e:gt_;remity than
At the other; containing a very distinet nucleus (2u) which stains clearly
In acid carmine or methyl blue, and which contains several chromato-
Dhile granules; vacuole quite indistinct.

Habitat.—Intermuscular connective tissue of ducks, the shoveler or
Shovelbill duck or spoonbill duck (Spatula clypeata), and the mallard
Or tame duck (Anas boschas). Development unknown.

North America. (1) Philadelphia, Pa. (Coues; Leidy); St. Louis,
Mo, (Riley); Clear Lake, Cal. (Brett); Minnesota (Liiger); Quebec

€langer).

Type material deposited in the U.S. Nationa i
of Animal Industry, and in collection of Stiles, Washington, D. C.

Specimens are also to be found in the Army Medical Museum, Wash-
Igton, D. C., and in collection of Leidy, University of Pennsylvania,
Pliladelphia, Pa. -

In conclusion, althougl .
aDpearance, there are no grounds for believing that it is dang

gn,

National Museum, in the Bureau

| “measly duck” is not very appetizing in
erous to
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6. Genus et sp. incert. Pl 4, figs. 2-8; pl. 5, figs. 1-11,

Pilzsporen of Cyclops, Claus, 1863, Die freilebenden Copepoden, Leipzig, p.
87; Myzxosporidia? of Cyclops, of Diapt. cerulens and of Diapt. richardiy
8chmeil, Beitriige z. Keuntn. d. freilabenden Copepoden Deutschlands,
Zwschr. f. Nuturwiss. Halle, 1891, Lxiv, pp. 19-21; Entoparasitische
Schliinche der Cyclopiden Schowiakoff, Usber einige ekto-, and ento-
parasitische Protozoén der Cyclopiden, Bull, Soc. Imp. Nat. Moscow,
1893, pp. 2, 15-26, pl. 1, figs. 17-34.

Claus says:

The bodies formerly! designated by me “spores of fungi,” with which I have many
times found the body-cavity of Cyclops entirely iilled, I have unfortunately not been
able to observe again in later times. From tho earlier period, sufiicient notes on
those bodies unfortunately are lacking, so that I am compelled to leave undeter-
mined their nature and their relution to Parhistophyton ovatum, so full of significance
through the disease of the silk-worm.

To his quotation of part of the above Schmeil {p. 21, footnoto 1)
adds:

““The organisms observed by me are, however, ceriainly not spores of fungi” [italics his
own],

Schmeil farther says (abstract):

I have observed another parasite in nearly all the Cyclops of the Halle
[Page 19] region, further in the specimens seon of Diapt. carulens Fisch. and D.
richardi Schineil, .
As this parasite is relatively very frequent—though absolutely (stindig)
[Page 20] rare—one soon learns to tell the affected animals with the naked eye by
their striking gray color. Their movements are nnaffected. Microscopio
examination shows individuul parts of the body strikingly dark (in Cyclopids and
D. richardi Schm., black; D. ceruleus Fisch., dark brown); often tho whole thorax,
the abdomen, and even the tail, the first antennws, and natatory feet arve either
entirely or partly filled by this dark mass. On closer examination this dark color
is.geon to be due to an innumerable host of small fusiform or crescentic corpuscles,
whose form (plainly perceived by pressure-rupturoe of the copepod shell) places
them as psorosperm-like bodies. From Schmeil’s description and drawings, Biitschli
considered them Myrosporidia. Size vory variable; besides very small corpuscles,
one meets with larger ones 3 or 4 times the smallest, but the sizes of all those
occurring in the same individual are always nearly equal. These corpuscles appear
to possess a firm membrane, immediately within which a clear zone is situated. No
differentiation of contents could be observed. Water and glycerin do not alter the
form.
Origin of these corpuscles unknown; repcated attempts to infect
[Page 21] healthy animals failed. Mnltiplication by division seems proven by the
occurrence of two or soveral corpuscles lying close together, often in con-
tact lengthwise; often, however, with their blunt poles surrounded by a common
membrane. Therefore, in case the explanation generally given is correct, a double
division in the transverse and longitudinal axes appears to take place.

On account of the lack of infected animals it is exceedingly difficult to reach safe

conclusions concerning these conditions.

Such was the state of the subject when Schewiakoff began his investi-
gations. The following are his results:

This condition has been observed at all seasons, first on Cyclops strenuus Fisch.
taken from under the ice of £ pool (clay diteh near Schlettau).

! Place not stated; or whother published.
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[Page 15] inlif}l}?cs mthex: fmq.uef\t iu. very many fresh-water copopods, the uﬂ'ecte.d
ividuals being distinguishable at first glanco from the healthy by their
opacity, the places whero tho parasitos lic appoaring dark. If in great
(Pago 16 ’Sm'"bo.l'y the C{iclops appear completely opaquo, and, indecd, nccording‘ to
Sehmeil (loe. cit., p. 20), may appear dark brown to black. Discoloration
Puscles: tl‘;mscd by .lurg'er or smalle‘r tubes (ill({(l with pyriform, spore-like cor-
“hllomo,n tl .;38 oceurring in body:c:uuty, and varions otlu'\r places, as the thorax,
Bo part ’f‘“ ’ nu.t.nto'ry feet,. aud first antennme; .sometmms in 80 gro‘nt numbers that
in body ((: t-}m body is froe lr(')m thol‘n. Spores in some places not in tubes but free
: -cavity, then always found direetly on the muscles.
ro;':lre;e parasites were probably those which Claus observed in copepods and
ers‘i ed 28 spores of tungi; also oxtremoly probably those noted by other observ-
» IN various erustacca, e. g., ITeuneguy in Palamon rectirostris and P. serratus,
ennopruy and Thélohan in Crangon velgaris and dsfacus Aluviatilis, and Garbini in
alemonetes varians. However, it cannot with certainty bo asserted that the
DParasitog found in the last-mentioned cmstxwezn;s are identical with the Cyclops
Parasite, a5 to tho short communications no figures' are added, and the nuthors in
Question were unable to follow the whole developmental history. )
* Technique.—The affected Cyclops was isolated in a drop of water on the
[Page 17] slide and covered with a cover glass provided with wax feet, fixed in posi-
remas tion by careful pressure on the angles of t'ho cov(.sr-g]ass, so that it
ains quiet and can be conveniently observed even with a lhigh power (apochr.
inn:;in.). Botween tho observations the Cyclops was at first kept in & hm}ging (l.rnp
16 moist chamber, but lived only & fow (2-3) days, dying partly from starvation,
Partly from other unfavorable conditions. Conusequently the Cyclops was next
epr, in a watch-glass of water, thus gecnring necessury food supply. Thus kept,
b lived 14 days, allowing the developmont of tho parasites to be followed.
eVeral individuals wero kept simultaneously and oxamined 2 to 4 times a day.
OVestigation of dead or crushed spocimens is not to be recommended, 18 great bacte-
Ta] development soon disturbs the study. For observation of the finer anatomical

f . s .
‘atures and the devolopmental stages, the parasites wero isolatod by crushing the
immers. apochr. 2 mm., oc.12

Il:ost and observed with very high powers (homog. o .
Nd18). For fixation, picro-sulphuric, and chromo-ncoto-osmic acids; for stains, alum
‘armine, hwmatoxyling also mothyl violst, safranin, and fuchsio. Examinations
Were made partly in water, partly in glyecerin. . .
1. dmabiform stage.—Met with in all parts of the body; most easily

[Page 18] observed on the first antennae. Form amaeboid-variable, globular or
: elongato; dimonsions varying from 7 loog Dy 3y broad, to 20u long by
84 broad. Plasma finoly granular, onpable of emitting ou all sides blunt, Jobulate,

¥aline psoudopodia, always possessing o nucleus (pl. 4, fig. 2 N) and a small con-
tractile vacuole (c. v.). Nucleus globular, showing tho familiar vesicular structure,
that is, in it interior, a globular, homogencous, mnore strongly refringent and more
deeply,stainiug nucleolus [ Binnenkorper]. Contractile vacuole constantly situated
ne“_" the border, in the end of the body whieh during progression is hindermost, pul-
sn'tmg about once every 30 seconds; 1o food vacuele percoptible. )

This ameba ordinarily creeps about over the epithelial and muscle cells and prob-
8bly feods upon tho sa.m‘e, as, althongh not diroctly observed, many epithelial cells

W
- Were seen destroyed, and upon thom amabea.
. After attaining a certain sizo the ammhi® g

i iy . .
R their psendopodia, and encyst thomselves.
he amwbwe may fuse to large plasmodes; goveral sucl fusions of 2 or 3 amwbm

(vl 4, tig. 8) were directly observed. Size of plasimodes varying with size and

radually cease their movements, draw

'The author is partly in error as regards the absence of figures. They will be

fo.und in the papers of Henunoguy and Garbini.
F 0—I2
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number of constituent amombas from 184 long by 8 broad to 48u long by 28 broad.
In fusing the ammbam adhere closely to one another, finally after some time fusing
into one mass, which can then undergo further movements. Nuclei (pl. 4, fig. 8 N)
of plasmode vesicular, 2 to 3 according to the number of constituent amemb:o.
Union or fusion of the nuclei not directly observed; regarded, however, as very

probable, as frequently pretty large plasmodes of 22 and 18u (doubtless
[Page 19] formed by fusion of 2 or 3 ameb:) were seen containing only 1 largo,

vesicular nucleus (pl. 5, fig. 2 N). Besides, plusmodes scon to originate
by fusion of 3 amab® and to coutain nuclei, showed on the next day only 1large
nucleus. )

Contractile vacuole not demonstrable with certaipty in fusion plasmodes; its
presence, however, not regarded as impossible; the plasma, on the contrary, con-
tains 80 many vacuoles as to appear vacuolate or frothy. Motion of plasmodes
rather slow. Plasma in the next 24 hours undergoing 2 change; the frothy, vacuo-
late structure changing to a finely granular condition, the vacuoles vanishing.
Nucleus, also, no longer visible; probably transformed by division into several
globular strongly refringent bodies (pl. 5, fig. 3 N), though this was not directly
observed. Motion of plasmode in this stage quite slow, ceasing entirely after some
time; encystment following in 1 or 2 days.

2. Encystment.—The encystmont of simple small ammbx and the alterations in
their body plasma is first described; afterward the process with the fusion plas-
modes. With theswmall amebm encystment begins when they have attained a certain
gize. They gradually draw in their lobulate pseudopodia and acquire an irregular,
more or less oval or pyriform shape. Locomotion still takes place, though very
slowly, small ragged pseudopodia being still emitted. After about 1 hour this move-
ment also ceases and the ameba rovolves slowly, gradually rounding itself off and
assuming with a state of rest a nearly globular forin. After about 10 hours it has

transformed itself into a proper cyst (pl. 4, fig. 3) about 10x in diameter,
[Pago 20] consisting of a plainly bordered, extremoly thin membrane and finely

granular contents, in which individual, small, strongly refringent gran-
ules, a vesicular nucleus (N), and a contractile vacuole (¢. v.), which now pulsates
markedly more slowly, are perceptible.

After about 24 hours (pl. 4, fig. 4) the membrane appears markedly thicker, double
contoured, and the strongly refringent granules have increased in number. The
nucleus no Jonger appears vesicalar, but homogeneous and rather strongly refringent.
Contractile vacuole still always visible, although now pulsating extremely slowly
(about once in 5 minutes). :

After another 24 hours (pl. 4, fig. 5) the protoplasm appears strongly brilliant, the
contractile vacuole has vanished, and the nucleus is not perceptible. In their places
are observed several round, strongly refringent structures (probably proceeding
from division of the nuclous), differentiated from the other cyst-plasma granules
already meontioned, by their more considerable size and their affinity for stains.
Though the falling to piecos of the nucleus was not directly observed, the granules
may with tolerable safety be admitted to have originated through nuclear division.
Schewiakoff thinks that first the nucleus divides, and about 10 hours later the spores
(pl. 4, fig. 6) are formed, since around every nucleus a portion of the protoplasm
delimits itself from the remainder.

Lncystment of plasmodes occurs in the same way. Locomotion becomes con-
tinnally slower until finally it is extinguished. The plasmode then rounds itself
off, acquires a somewhat elongate oval form, which, as also the size, varies
greatly. Itthen secretes a thin membrane, which envelops it closely on every side

(pl. 5, fig. 4).
[Page 21] In1 to2days the membrane becomes markedly thicker, then appearing
homogeneous, strongly refringent and double contoured. During the
next day spore formation begins.
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thiza;m()de encystment thus differs from that of simple ammbs only in the fact
Vﬂnishl‘e Congxtlons observed in the ammba cyst (granular state of tl.m pr(?toplfmm',
vid Ing of the nucleus, or, in other words, its peculiar falling to pieces 1f1to indi-
ualsmall nuclei) wear themselves off with the plasmodes during their motilestage.
th& SPO"'Oformation.—Beginning about 8 days after encystment; not originating
.roug.h sucoessive division of the nucleus and protoplasm, the nucleus.falling to
'{"::ccsmto several small, strongly refringent corpuscles (pl. 4, fig. 5N), around which,
ater, portions of protoplasm segregate themsolves from the remainder. In this way
-}e 8pores are formed. Thus in a simple ameba cyst, 10 hours after the falling to
Pleces of the nucleus, 6 spores (pl. 4, fig. 6) were seen, each with a small globular
nl‘lcleus. Besides these, the cyst still contuined plasma in which were seen, along
With many small, strongly refringent granules, isolated small, round nucleiform
Structures (N), About 24 Lours Jater the number of spores had doubled; noverthe-
less, there was still prosent undifferentinted plasma as woll as nuclei. After 24 hours
more the number of spores had so increased as to entirely fill the cyst; no free
Protoplasm remained (pl. 4, fig. 7).
Spore formation in the plasmode cysts (also accurately followed) takes place in
®8ame way, In plasmode cysts containing numerous small nuclei (very probably

OTiginating through successive divisions of the nucleus) are formed small bodies,
globular to oval, delimited from the surrounding protoplasm by a delicate membrane
4 llowing a small, globular nucleus to

(pl. 5, fig. 4), fine-grained, somo a 4

[Pag° 22] show through. After about6 hours these bodies acquire a somewhat pyri-
) form shape, the membrane becomes thicker and sharper, tho protopln'sm
Tore hya]ine, the nucleus thus becoming more distinctly visible. This transformation
Proceeds so that after 24 to 36 hours the bodies are pyriform, sharply contoured. com-
D!ete]y hyaline spores (pl. 5, fig. 5), in which a globular nucleus is always plainly
Visible, Along with this transformation new spores aro formed from the surronuding
P Yotoplasm, nntil all the free protoplasm is used up, tho cysts transforming them-
selvey into spore cysts or spore tubes. Number of spores in cyst variable, depondeut
Pon the size of the cyst, whose diameter varies from about 10x (simple ameba
SY5t8) to 30 to 60 (plasmode cysts); often also clongate-oval spore tubes are found

“ long and 24y brond. .
Spores: Length, 3-3 to ax, oval or pyriform (pl. 5, fig. 8), mthor.strnngly refrin-
Bent, completely hyaline, bounded exteriorly Ly an extremely thin homogeneous
la.yer’ the pellioula. In the broader end of the hody a globular, vory‘st.ronf.gly
refringent, homogeneous nuoleus (N), 1'64, is found. The spores thus (.n‘l.g.umtmg
8til] further inerease through a somoewhat oblique-running, transverse dl\']ﬂl()l]., the
Ducleng dividing karyokinetically (pl. 5, fig. 10a-I). Division was followe(} intra
Yam, and the study completed in specimens fixed with chromo-aceto-osmic acid
®nd 8tained with hmmatoxylin. Nuclear division, requires about 4 hour, and pro-
2eeds in about the same way as that of the micronuclous of the (filinted Infusoria.
© Inembrane or external border-layer of the nucleus remains quiescent d'uring the
whole process, ouly in the last stages (pl. 5, fig. 10%) appearing Some-

[Page 23] what indistinct prelimipary to reappearing with distinotness in the
danghtor nuclei. .

Owing to the small size of tho nucleus, karyokinesis could be followed only in the
Principg) steps. The first altoration observed in the nuclous is a marked increase
In gize; simultaneously it loses its homogonoous character, acquiring a netted,
ho‘_‘Wcomb-like structure ( pl. 6, fig 10a) with tolerably strongly staining granules.
18 nettod form passes into an elongate, striate-fibered structure (b), the llllC.IG'll'B at

'® 8ame time enlarging and assuming an ellipsoid form whose long axis coincides
With that of the spore. Botween the nuclear poles run meridional striw, in which
® chromatin granules are imbedded. These latter become concentrated to.ward

8 equator, when a so-called nuclear plate (o) forms, which oonsists of baculiform
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chromosomos which lie close to the delicate but percoptible threads of the achro-
matic spindle. Regarding the spore from the postoerior end (d), the chromosomes
are seen to be 8, and to lie rather peripherally. After the formation of the nuclear
plate, a halving of the chromosomes takes place in the equator (¢), the halves reced-
ing until they reach the poles of the nucleus (f). Meanwhile the spore has changed
from pyriform to ellipsoidal, and the hyaline protoplasm has becomne by degrees
granular. )

Assoon as the chromosomes have reached the poles an annular constriction becomes
visible at the equator of the spore as well as of the nuclens (g) ; between the daughter
chromosomes, achromatic spindle fibers are very plainly observed. Soon at the.
eqnatorial constriction, an annular thickening of the spore membrane forms (4),
running obliquely to the longitudinal axis, from above downward. In this stagethe
membrane (or external border) of the nucleus becomes indistinct and the fibers of the
achromatic spindle also do not stand out sosharply. The annular constriction grows
gradually inward and subsequently forms the partition wall dividing the 2 spore
halves. Meanwhile the familiar after-formation of the chromosomes (i) takes place
in the daughter nuclei, the nuclear membrane becomos again more distinct, and the

achromatic fibers are scarcely visible. .
[Page 24] In the next stage (k) a distinct division wall botween the 2 spore-halves
is observed and the daughter nuclei show a finely reticular appearance,
whence result later homogencous nuclei (I). Division of the daughter spores soon
takes place.

A somewhat peculiar phenomenon was often observed. Among the many dividing
spores some were cncountered with their anterior (narrower) ends more or less inti-
mately united (pl. 5, fig. 11a-b). Schewiakoff could ohserve neither the union nor
the division of the 2 spores. As, however, they differ cssentially from the observed
division stages, it may be questioned whether we have not here to do with &
conjugation. This conjecturo is strengthened by thoe presence, in the usually homo-
geneous nucleus, of structures (pl. 5, fig. 11a), which remind one of the nuclei of
many conjugating Infusoria.

The spores increase considerably in number, the spore cyst becoming ultimately
entirely filled by them. After a couple of days the cyst bursts at dne place (pl. 5,
tig. 6) and the spores are scattered with considerable force around the body cavity.
They then mostly lic (pl. 5, fig. 7) in great masses, or in groups of 3-5, on the muscles.

As to the further fate of the spores nothing definite is known. After about 2 days
they lose their homogeneous appearance and show an indication of a granular condi-
tion. Four days later thoy possess arr irregular form (pl. 5, fig. 9) with finely granu-
ulated protoplasm and a distinct homogeneous nucleus, Size 3 to4 #. No movement
or transition into the swwboid stage (which transition is, however, regarded as very
possible) could be demonstrated. Themanner of infection also remains unexplained.

Nature.~Without doubt Schewiakoff says, sporozoan. Schmeil, hesays, considered
it myxosporidian. (See above; the conjecture was Biitschli’s.) These parasites,
especially the spores, have a great similarity to those found by Henneguy and
Thélohan in some decapods and by them ranked with the Myxosporidia.

Schewiakoff, however, doubts the myxosporidian nature of the Cyclops parasite.
Henneguy and Thélohan gave their forms this place on account of their discovery
of the filament. They only observed this extrusion a few times nnder the action of
hydrochloric or nitric acid, and it was difficult to evoke. Since Schewiakoff could
not discover either filament or capsule, he did not feel justified in referring the
" Cyclops parasite to the Myxosporidia. He, however, neglected to employ strong acids
and alkalies, which is, he says, perhaps the reason of the failure. )

It appears tolerably certain that the Cyclops parasite is not identical with their

Thelohaniaspecies, asthe latter haveno ammboid stage, the globular cysts (sporoblaste
of H. & Th.) are of constant size (14x), and have always 8 spores with a different
struoture.
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_ The presence of a contractile vacuole in the adult, the peculiarities
in the process of- spore formation, the falling to pieces of the nucleus,
the apparent absence of pansporoblasts, the occurrence of reproduction
only at and as the end of the life cycle, and the further multiplication
by the division of fully formed spores, all absolutely contraindicate any
myxosporidian affinities. Further, the constant presence of pigment!
corroborates this conclusion, which is still further enforced by negative
evidence from the structure of the spore, the most prominent feature ot
Which is, of course, the absence of the capsule. Indeed it seems safe to
g0 further and say that no organism with a contractile vacuole can, in
the present state of our knowledge, be regarded as sporozoan (cf. Lan-
kester, Encycl. Britan., 1885, 9 ed., XIX, p. 854). '

PROBABLY MYXOSPORIDIA. (Imperfectly described.)

7. Genus et & incert.
Ammbif(f;m corpuscles of gills of Cyprinus brama, Licberkiihn, 1854, Miiller’s
Archiv., pp.6, 7; 1 ib. of heart-blood of same fish,? p. 14; ef. also Miiller,

Miiller’s Archiv., 1841, pp. 491-2.
Cyst.—Membrane so transparent that all details could be as well seen

before as after expression of its contents. Contents ¢psorosperms”

and ameebiform corpuscles, or amebiform corpuscles only.
Myxzosporidium.—Numerous, partly granular, partly granule-free,
the latter usually smaller than the former, alterations of appearance
very manifold, processes rather sharp than blunt, size not equal to that
of a blood corpuscle of the fish; granules extremely small, held together

by a mucoid substance. )
Spore.—Unknown.

Habitat—Encysted in the gills of Abramis brama L. (bream) in

Ovember, o
Remarks.—Its habitat suggests that this species 18 probably a Mywo-
bolus,
8. Genus et
o Lieberkithn, 1854, Mtiller's Archiv., p. 353

Sarcode masses of Perca fluviatilis,
Cyst.—Apparently no true cyst (see [
Myzosporidium.—Cousisting of granular protoplasm presenting a

g€reat similarity to that of Chloromyrunt mucronatumn, very variable in
8ppearance, oval, lenticular or dendroidly branched. Size 27 to 440 u
(¥ to $+"); some specimens surrounded by a structureless membrane,
Others not; sometimes the whole substance is seen to have fallen apart

' While it is, of course, not contended that this alone would suffice to prove a sp?oies
nonmyXOBporidinn, pigmentation, such as exists in the Cyclops cyst, would raise &
8trong presumption against its myxosporidian nature,.

®Those [amabiform corpuscles] of tho heart blood of Cyprinus brama oomp}etely
Parallel in their form the above-desoribed amobiform masses found on the gills of
the fish, and are differentiated among themselves iu the same way as the gill forms
li.e., they are either granular or granule-free], Their movemonts are, on account

of their small size, diflicult to observe.

mention below of membrane).
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into globules (pansporoblasts) every one of which contains 2 spores or
perhaps only faint indications of such.

Spore—XNot described.

Habitat.—On branchi® of Perca fluviatilis L. (yellow perch).

9. Genus et sp. incert. Pl 6, fig. 1.
Myxosporidium of Lota vulgaris, Lieberkiihn in Biitschli, 1882, Bronn’s Thier-
Reich, 1, pl. 38, fig. 20.
No description.
Habitat.—Gall-bladder of Lota lota L. (=wulgaris), ling.
10. Genus et sp. incert. Pl. 6, fig. 2
Myxosporidium of Lola vulgarw Lieborkiihn in Biitschli, 1882, Bronn’s Thwr-
Reich, 1, pl. 38, fig. 24.
No description.
Habitat.—Branchiz of Lota lota L. (=vulgaris), ling.
11. Genus incert. (* Myxosporidium') congri orugia, 1891. Pl. 6, figs. 3-8.
Myzxosporidium congri Perugia, Boll. Scientif., Pavia, X111, pp. 24-5, figs. 15-20;
ib., Thélohan, 1892, Bull. Soc. philomat. Paris, 1v, p. 166; Chloromyzum #7
congri, Gurley, 1893, Bull, U. S. Fish Gom. for 1891, x1, p. 419; ib., Braun,
1894, Centralbl. f. Bakt. u. Parasitenkde, xv, p. 87.

Myzxosporidium.—Found attached to a calculus-like compact mass
consisting of fungus (probably Ienicillium), bacteria, and crystals.
Individuals numerous, form variable, movements incessant, slow, amae-
boid. Perugia observed in some a clear space which he believed to
be a*¢vacuole” (pansporoblast), but careful examination failed to detect
the spores.

Habitat.—Gall-bladder of Leptocephalus conger (=Conger vulgaris),
eel, collected in August, 1890,

TLe generic name Myrosporidium is not in good standing (see p. 2006).
In the absence of knowledge of the spores the generic reference of this
form is entirely uncertain.

12. Genus et 8p. incert. P17, figs. 1-3.
Psorosperm of Notropis megalops, Linton, Bull. U. 8. Fish Com. for 1889 (1891),
1X, pp. 359-61, pl. 120, figs. 1-3; ib. Braun, 1843, Contralbl, f. Bakt. u. Para-
sitenkde, x111, p. 97.

Cyst.—Globular, discrete or aggregated into clusters, white, with
minute patches of black pigment from host; size varying from 2:5 mm
(single cysts) to 7 by 5 mm. (clusters); wall composed of connective
tissue, thin, collapsing when punctured, indistinguishable from deeper
layers of derma, staining deeply with ammonia-carmine. Contents, a
milky fluid.

Myxosporidium unknown.

Spore.—Somewhat top-shaped, one end broadly rounded, slightly flat-
tened, the other tapering to a point, length 17 u; breadth 10 u; thick-
ness 6 u. Shell, thick and strong, resisting for a long timne the action of
sulphuric acid and of potassinm hydrate solution; shape not changed by
those reagents, by acetic acid or by glycerin, not staining with carmine;.
showing when viewed on edge an elevated ridge [junction of valves?],
Capsules could not be detected.  Protoplasmic contents appear in most
cases to be finely granular. Tail absent.
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Habitat.—Subcutancous tissue of all regions of the body of Notropis
meﬂ_alozzs Raf. (red-finned minnow) taken in Black River, Lorain County,
Ohio, 6 miles above Lake Krie, September 1,190 (also October 5, 1501;
see below), Collector, Mr. L. M. MecCormick, Identification by Dr.D.
S. Jordan.

With this specics of fish were taken Noturus miurus, Catostomus teres,
and Moxostoma macrolepidotum, and, in the immediate neighborhood,
Tetalurus and Roccus. None of these, however, were affected.

Effects.—The cpidermis of the fish is sometimes marked by dark
purplish blotches. Scales are absent from the surface of the cyst in
most cases, although a few were observed quite loosely attached to one
of thelarger clusters. Allof the fishes appeared to be in fair condition.

Mr. McCormick has kindly furnished me the following additional

Information :

The fish were taken in the pool formed by Day’s Dam, near the center of Shefileld
Township, Lorain County, Ohio. Although hoe has diligently explored the streams
of Lorain County for material for his ¢ Descriptive List of the Fishes of Lorain Co..nty,
(.)h"";”‘ he has never seon N. megalops infested by this parasite except in this very
limited locility. The same day that specimens were first secured there he seined
Bluack River thoronglly from Elyria to below Day’s Dam (distanco 10 miles), butsaw
10 other diseased specimens. In spite of the admitted fallibility of negative results,
he believes this parasite to bo restricted to & very narrow goographical range. Fish
first taken Septomber 1,1890 (about a dozen); & few more Octobor 5, 1891 (the first

time of seining the pool that year).

13. Genus et sp. incert. PL 7, fig. 4 ‘ . )
Psorosperms of Gasterosteus aculeatus, Lieberkiihn, 1854, Muller’s Archiv., pp.

9-10, 22, 24, 354-7, pL. 2, fig. 28, pl. 14, figs. 9-12.

The following observations by Lieberkiihn relate to & puzzling form

found on Gasterosteus aculeatus (stickleback). His reinarks are to me

sowmewhat obscure, and I am not certain that I always understand
his meaning. ~For that reason the translation is a literal one.

[Page 9] I am still in entire ignorance as to what becomes of the psorosperms ot

Gasterostens. In the skin of this fish Gluge found cysts filled with ontirely

structureless granules which had & marked similarity to those of the Gregarines.
Johannes Miiller has confirmed this discovery. 1 investigated about 100 cyst-bearing
per of healthy sticklobacks. Among

8pecimens selected from a corresponding num
lable; in late autumn, on the con-

10 fishes there was, in tho spring, about 1 avai
trary, only 1 in about 100. The cysts varied greatly in size; the largest attract

attention at once, the smaller are only to bo discovered upon close examination.
They have a very irregular form, mostly rod-shaped, and contain ordinarily the
Strnctureless granules mentioned by Gluge. A fow contained bodies with more dofi-
nite sticture and characters, reminding one of the psorosperms, for which reason
I will 60 name them. They are all nearly globular and somewhat smaller than the
ordinary psorosperms; they consist of & transparent membrane, within which I have
olLserved 3 kinds of contents, namoly, in somo & single small globule which is not
large chough to come in contact with tho membraune by its upper surface; in others

lay, between tho gurrounding membrane and the upper surface of this

[Page 10] small globule, & small mass of exceodingly fine granules; in still others
the globule appeared to have divided, as 3 or 4 smaller globules were

Present. Soveral of the smaller cysts contained a far more finely granular 10ass than

‘1 Bull. 2, Oberlin College, Ohio.
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that described by Gluge; I was not able to discover anything definito thorein. 8o
far I have found the largest cysts to contain only Gluge’s structnreless granules, In
any caso these facts are not yet suificient to establish a developmeutal series.

In recapitulating and summarizing his results (the order of such
sumnnary and the place therein of the following extract showing that it
refers to and is intended as the summary of the preceding quotation)
Lieberkiihn says:

In the skin of Gasterostens oceur, besides the grain-conteining cysts discovered by
Gluge, also such as contain psorosperms of peculiar species.

In a subsequent article Licberkiihn again discusses these problem-
atical organisms. He says:

[Page 354] As rcgards the psorosperin-like bodies of the stickleback, to which T

have already, in my preceding :rticle, devoted some words, I have now
succoeded in making the requisite observations preliminary to a knowledge
of their developmental history. After I had, in the course of the preceding
autumn and winter, exawined in vain several thousand specimens of Gasterosteus for
those cysts, I refound them fivet in March of this year in great numbers. Of the
cysts discovered by Gluge I am not at present able to give any explanation, other .

than that they are entirely different from the ones now to be discussed.
Pago 355] The latter I have frequently found, to the nuinber of 30 or more, dis-

tributed over the skin, the fins, and the cornea; some Lad bored through
the fins andfloated with both ends free in the water; others lay closely appressed to
the skin for their whole length ; others again were detached on one side. Individual
fishes had their tail-ends so beset that scarcely anything of the scales could bo scon.
Their usual form is cylindrical; rarely they are cllipsoidal or spherical. They strike
the eye with the first glance at the fish. The length of the rod-shaped is from
% to 1 line; the greatest diameter of a cross-section about one-fifth line or move.
The membrane of the cyst is plainly visible, and one can easily obtain it for exami-
nation by removing it by means of a knife. I could not discover any structure in it.
The contents present great variations. In some I fonnd nothing but an albuminous
substance, in which fut-like granules were suspended in great numbers; these were
globular and measured 0-001’”". It one moves them to and fro under the cover glass
for somre time many of them flow together to lurge oily drops. Othor cysts contain
partly these, partly much smaller but apparently similar granules. In still other
cysts the granules of the smaller variety were united by a mucous substance into
globulos; many of these were distinguished by a much larger fatty granule lying in
the middle between the smaller ones, and which often had an irregular form,

In still others this was scen to be 2 or 8 times as large, and in these cases the small
granules were usually entirely absent; furthermore, the whole psorosperma had a
proportionately greater size. The diameter of such u body was 0-008”', of the
nucleus [ Kern] 04005, of the fine granules about 0:0007//, In the lurgest, granules
began to appear anew, and it sometimes scemed as though they separated them-
selves from the nucleus. The expression nucleus has hero no further significance
than that which it roceives through the investigation. Sometimes I was able to
observe the same isolated, when for some. unknown reason the surronnding mem-
branc became ruptured and expressed its contents. It showed nothing but what
one could sce through the surrounding membrane. When the psorosperm dries on
the cover glass it acquires an entirely different refrangibility, the sharp contour
disappearing and not reappearing when water is added. In somo cases I fonnd also
in fresh cysts such nucloi of feebler refrangibility within the smaller psorosperms.
They vary greatly in size; were often simnltaneonsly provided with granules, such
being, howevor, often absent. In order to learn the further alterations of the cyst
contents, I kopt a number of cyst-bearing fish alive for some weecks in my room.
Apparently the thin cysts increased in cireumferonce, and then containod ouly the
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i“:‘g'est kinds of psorosperms. Several fish lost their cyst contents entill'e'ly. .Ill an
b Dd'rent]_v half-empty cyst microscopic investigation showed the following objects:

di}m;“]:‘the largest form of the psorosperms, with a nuclens [Kern] of 0:005" in
:) ’; €T and containing many of the smnllosfl: granules.

Of-O.-oo‘h/?: .lal‘gest form of the psorosperms, with a much smaller ¢ nucleus,” namely,
) 3" iu diameter, and filled with a mueh largor number of the smullest granules.
3. Curpuseles of the same size with the same striking  nucleus,” with the same

8ranules, but with g far less prominent surrounding membrane.

4. Corpuscles of the samne kind, but withont demonstrablo membrane, slowly pro-

Jecting o part of the body substance and again withdrawing it, whenco resultea
, marked changes of form.

(Page 556) 5. Corpuscles with all these characters; also provided with snch »

“nuclens,” but with a diameter twice as great.
In order to determine whother the structures described oceur in the organism ot
fishes and migrate in the spring to the oxternal skin for the purpose of

[Page 357] reproduction, I oxamined a serics of the individual parts of the fish. In

the blood I found moving colorless corpuscics, which agreed not with
those of the fish, but much more closely with thoso destitute of grains and nuclei,
°l'ig‘inating from the psorosperms. And I also discovered in the kidneys of

Gasierostons receptacles with tailed psorosperms and the varions developmental

Stages of the same, just as they occur in the gills of the pike. As the cysts

often beset the skin of the stiekleback iu such great numbers that their sub-

8tance forms a not inconsiderable fraction of that of the whole fish, it wonld
bave been difficult for them to have escaped mo in my frequent examinations bad
they beon present within the body of the fish. Everything speaks mnch more
for the view that certain aquatic animals attach themselves in the spring to the
8kin of tho stickleback, surround themselves with a eyst membrane, and in repro-

d.“c“(m fall apart into the psm‘ospermiform bodies. It is this zunimnl. which con-

8ists of a, mucous substance, and which contains many scattered fat-like granules,

4nd measures as much as 17 long and about 3" thick. The fat-like granules are .

0"?1‘10.‘)'0(1 in reproduction; they break up first into smaller purts.und then form

With a certain quantity of the structureless substance & globule which already con-

Btitutes the embryo of the now being. This grows gradually, one of the granules

progl'OSSivol_v increases in size and the remainder vanish. Growth then continnes
olves anew, which incroase at the expense

for o long time, until granules show thems

of the nucleus; the herctofore plainly visible surrounding membrane boc.ou}es appa-
Tontly thinner or.vanishes ontirely, and thus & lody is formed cousisting f’f a
Mucous mass containing many small geattored graunles and a nuclous [Kern)
only g little larger, a body capable of motion and growth.

14, Genus et sp. incert.
Psorosperms of Leuciscus dobula, Leydig, 1851, Miillev's Archiy., p. 229.
Cyst not mentioned.
M;'/wosporidimn.—Two or three spo
(T ochterblase).
Spore.—Untailed.
Habitat—On Leuciscus (Squalius) cephalus (=dobula).

15. Genus et sp. incert.
Spores of Sgualius cephalus, Schneider,
pp. 548-9.
Cyst and myxosporidium not men
Spore.—Capsules 2, with very long
glycerin,
Habitat.—Air bladder of Leuciscus (Squalius) cephalus.

res develop in each pausporoblast

1875, Archiv. de Zool. Expér., Paris, 1V,

tioned.
filaments, extruded under action of
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16. Genus et sp. incert. .

Psorosperms of Gobius JMuviatilis, Leydig, 1851, Miiller's Archiv., p. 223, name
only; ib. of Gobio [orror] fluviatilis Ludwig, 1888, Jahresber. d. rhein.
Fisch-Vercins, 1888, p. 30.

Habitat.—Body cavity of Gobius Suviatilis 1..' (goby).
17. Genus et sp, incert. ‘

Psorosperm of crocodile, Solger, 1877, Jahresber. schles. Gesellsch. f. Vatotl.
Cultur, Liv, p. 45.

Name only, with statement that it will be fully described elsewhere.
Habitat.—In mucosa and muscularis of intestinal canal of « eroco-
dile.”

18. Genus et sp, incert.
Psorosperm of Chondrostoma nasus, Leydig, Miiller’s Archiv., 1851, p. 222,
No description or figure.
Habitat.—Cysts in roots of tongue of Chondrostoma nasus L.

19. Genus et sp. incert.
Psorosperms of Leuciscus rutilus, Leydig, Miiller's Archiv., 1851, pp. 222-3.
*  No description or figure.
Habitat.—White clumps of ¢ psorosperms” in the heart (auriculo-
ventricular valve) of Leuciscus rutilus; also in heart blood of same fisl.

20. Genus et sp. incert.
Psorosperms of Cyprinus tinca, Lieberkiilin, 1854, Bull. Acad. Roy. Belg., xxI,
pt. 2, p. 22.
No description.
Habitat.—Scales of Tinca tinca L. (tench).
21. Genus et sp. incert.
Psorosperms of Cyprinus erythrophthalmus, Lieberkiihu, 1854, Bull. Acad. Roy.
Belg., xxi, pt. 2, p. 22, .
Mention of occurrence only; no description.
Habitat.—Subsquamous, on Leuciscus (Scardinius) erythrophthalmus.
22. Genus et sp. incert.
Psorosperms of Gasterosteus aculeatus, Honsen,? in Wittmack, 1875, Beitriige
2. I'ischerei-Statistik d. dentsch. Reichs, p. 190.
Mention only; no description,
Habitat.-—On Gasterosteus aculeatus L. (stickleback) near Kiel,
23. Genus et sp. incert.. .
Psorosperms of Lucioperca sandra, Heckel & Kner, 1858, Die Stisswasserfische
der éstreichische Monarchie, Leipzig, p. 12; b, Wittmack, 1875, Beitriige
z. Fischerei-Statistik d. deutscl. Roichs, p. 190. :

Heckel and Kner say:

Their gills are often beset with small cysts filled with a gelatinous flnid (the so-
called psorosperins) and in this condition they are regarded as unfit for food.

}The great similarity of name betweon the present fish and Gobio fluviatilis, and
the presence of a species upon the latter in the suwme situation (body cavity, see p.
243) suggosts the possibility of an orthographic error.

2In response to an inquiry, Dr. Wittinack kindly informod me that Prof, Hensen’s
observation is unpublished, having been made upon & statissical question sheet.
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Tam indebted to the kindness of Dr. Wittmack for this reference.
Habitat.—Branchia of Stizostedion lucioperca (pike perch).

24. Genus et ap. incert.
Cyst of branchial “copules” of Gasicrostcus aculeatus Thélohan, 1890, Annal.

de Microgr., 11, p. 203.
No description.
Effects—Pressure on the heart caused death.
Habitat. —Branchial ¢ copules” of Gusterosteus aculeatus (stickleback).

25. Genus et sp. incert.
Psorosperms of mackerel, v. d. Borne, 1886, Handb. d. Fischzucht u. Fischerei,

P. 211,
No description (cf. p. 172).
Habitat,—On Scomber scombrus (mackerel).
26. Gen. incert. (" Myxosporidium ") bryozoides Korotuoff, 1892. Pls. 8, 9.

mK?rotneﬂ“a ' |
05‘,’21;1;:)1':;111;(1:1 ‘bf‘)’(lmldes. Date. Authority; reforence.
Jungosa. l
"
Myxospo- ! L. . N
ridium*.| 18 ! gtachr. f, wiss. Zool., LIIT, pp. 501-6, pl. 24, figs. 1-12.
n]g:)un}“ %ng Honnegny & Thélohan, Annal. do Microgr., IV, p.617.
Do ....1 1803  Brauan, Centralbl. f. Bakt. u. Parasitenkdo, X111, p. 07,
X 77 1883 ! Olhlacher, Journ. Amer. Med. Assoc., XX, Y 562,
X 1803 | Braun, Centralbl. f. Bakt. u. Parasitenkde, X1V, p. 739.

Myxosporidium # (development of ).—TFor study of dovelopu.mfnt, the
Polyzoan spermatoblasts offer a very rich material, comprising all
stages of alterations. The earliest stage (pl. 9, fig. la)is a hea]thy! well-
Preserved cell, containing a large, round nucleus and,. lying near it, the
Nucleus of the intruded myxosporidium, which latter 18 sx.nall, elongate-
oval, dark-staining, and which, but for the complete series of changes
exhibited by it, might be supposed to be 2 Nebenkern. ’Ifhe myxoplasm
has, Korotneff inclines to believe, from the moment of its entraunce so
completely mixed with the polyzoan cytoplasi that we can no longer
Speak of a plasma differentiation.

The nucleus divides by mitosis (pl. 9, fig.10). Simultaneously or some-
What later the polyzoan cell-nucleus divides, but this latter d1Y1s1011 is
hever by mitosis, and is rather to be regarded as an externally induced
fragmentation. The nonvital and artificial character of the cell-nucleus
division is further shown by the variable size of the nuclei, resulting
from the division, the nuclens having lest the capability of growth.
Its division results from an irritation of, or better, an impulse from, the
Presence of the intruded myxosporidium. This artificial stimulation of
the powers of the infected cell constitutes the peculiarity in the action
of the parasite which thus prepares for itself an artificial ground with-
out which its existence would be impossible. Sometimes cell-nucleus
division takes place somewhat Iater than that of the parasite, 80 that
we already find the parasite with 4 daughter nuelei (1 of which was

» Name not in good standing (sco p. 200).
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seen in way of further division), the cell-nucleus bein g as yet unaltered.
With continually progressing division, both of the myxosporidium and
the cell nuclei, and with progressive growth of the cell body, the origi
nally simple cell metamorphoses itself into a plasmodium. Thus a
young plasmodium was seen in which 1 of the 2 daughter nuclei o
the host-cell had fallen apart into 2 granddanghter nuclei, while the
myxosporidian nuclei had in the same time inereased much more. In
the next developmental steps of the plasmodium the number of the nuclei
increases very rapidly, and with such increase their cnergy becomes
exhausted; the nucleoli vanish and the nuclear reticulum appears as a
fine-grained granulation. Finally, the nuclear membrane shrinks and
assumes an irregular contour. The cell nuclei then soon entirely vanish
and we get a plasmode in which only myxosporidium nuclei are found

With age the myxosporidia become displaced from the funicle and
occupy the whole cavity. The zooid, thus become a myxosporidium-
filled tube, closed at both ends. At this time the increasing mutual pres-
sure produced by the continually growing myxosporidia results in their
fusion to large plasmodes. Further growth produces rupture of the
wall of the zooid and the myxosporidia come directly into contact with
its chitinous investment,

The morphological characters of the adult myxosporidium are here
interpolated. . )

Myzosporidium ? (structure of adult).—Naked,membran eless, ameeboid-
variable, size 20 to 200 u; form varying greatly with age, the youngest
being globular; the older ones oval or lobulated from adaptation to
external pressure-conditions. Ectoplasm perfectly transparent and
hyaline. Nuclei very numerous, consisting of clear round vesicles
showing in the fresh state round nucleoli. Applied against the out-
side of (never within) each nucleolus is a small glittering globule,
Pseudopodia formed by the ectoplasm, very fine, delicate and hair-
like, ordinarily confined to a part and seldom covering the whole sur-
face, often also forming small ramificd tufts. Korotneff was unable to
state whether the pseudopodia serve for attachment, but with the young
myxosporidia the fixation to the funicle appeared really to occurthrough
these structures.

Probably the direct intluence of the water is injuriouns to them, and
occasions a falling apart of the plasmodes and a frecin g of the spores,
which then fill the spongy chitin-masses of the atrophied colony. In
this state the spores remain the whole winter, and in April follows, prob-
ably, the infection of the young Aleyonclla (just out of the statoblast) by
the am@ba-brood from the spores.

The time of the appearance of the myxosporidia corresponds with the
development of the spermatoblasts, which ovdinarily begins (around
Moscow) at the end of May, and the number of parasitic individuals
increases pari passu with that of the spermatoblasts. While at the
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:::tvgzg;e)t{istence is appreciable by the microscope, soon (July) :
it bransn, o the naked eye, the.lower‘ end of the zooid tube 1OSI'ng
becomeépdreucy and becoming .mllk }vhlte. I}1 August the alteration
o very marked, the cavity of the zooid being distended and
mpletely opaque.
C&SZ’ ?:LLf 0”777'.at.‘i01l".—H0W and whpnce do the spores originate? In any
in ty eir origin is endogenous (in th? endo‘pl.asm) m?d probably occurs
wh e manner observed by Prof. Biitsehli in Myxidium lieberkiihnii,
Ourere a spore membrane is formed around a trinucleate globule. In
A case are often found, in the plasmodium, nuclei in state of division.
I'Oll.lld such nuclei, which are still united by the threads of the spindle,
A resistant shell appears often to be present. Could this be a spore?
Korotneff is able to confirm Biitschli’s observation thatspore formation
does not mark the end of the life cycle. In ] bryozoides, however,
the spores always appear at a definite period of that cycle, viz, after
the complete disappearance of the nuclei of the host-cell.
Spore.—Elongate-oval, resembling a melon seed, sharp anteriorly,
Tounded off posteriorly. Shell extremely hard, very resistant, lustrous,
“Dparently with an opening at the sharp (anterior) end; no bivalve
8tructure demonstrable, though empty spores arc not rare, - Often, but
n?'ﬁ always, two vacuoles are visible. In the spring he was able to
distinguish at the anterior end of the spore a glittering point whoso
signification was unknown. It might possibly be a capsule (nemato-

Cyst; Nesselkapsel).

Habitat.—In very cousiderable numbers in the body cavity of Aley-

Onella fungosa (a fresh-water polyzoan) in the neighborhood of Moscow,
In the beginning of summer. The infection appears to be endemic, as
Korotneff has never observed it in southeri Russia aud as it appears
to be absent from western Europe.
Seat and pathological anatomy.—Principally grouped around the
funicle upon which the spermatoblasts (which serve as food for the
Young myxosporidia) are produced. No tissue except the spermato-
blastsis attacked. Repeated careful investigations showed the absence
of myxosporidia from the polyp and from the walls of the zocecium.
_ Effects.—Tho exteusive infection exerts a dircet (but only a mechan-
lcal) influence on the polyp, producing, as & result of its continued
8rowth, a progressive atrophy, which, by the end of August, results in
the complete disappearance of the polyp. The infection extends itself
through the colonies, scarcely & single zooid escaping. The death of
the colonies occurs much earlier than it would naturally under the

Influence of cold.

Remarks.—Henneguy and Thélohan beli
form to the Mywosporidia absolutely justified
Dot been demonstrated. )

eve the reference of this
, although the capsule has
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TRUE MYXOSPORIDIA,
Ordo I. Cryptocystes Gurley, 1893.

Etymology: kpvrroc, concealed, «varig, capsule.
Bull. U. 8. Fish Com. for 1891, xi1, p. 409; i6., Braun, 1894, Centralbl. f.
Bakt. u. Parasitenkde, XV, p. 86.
Myzosporidia in which the pansporoblast produces many (8 or more)
spores; the latter minute; without distinct symmetry; with but a single
capsule; type (and only) family Glugeidee.

Fam. GLUGEIDZE Gurley, 1893.

(“ Glugeidées” Thélohan, 1892, Bull. Soc. philomat. Paris, 1v, pp. 173-4; Glu-
geidea [Thél.] IBraun, 1893, Centralbl, f. Bakt. u, Parasitenkde, x1v, p.
739).

Glugeidze, Bull. U. 8. Fish Com, for 1891, x1, p. 409; Glgeidws (error), Braun,
1894, Centralbl. f. Bakt. u. Parasitenkde, xv, p. 86.

Definition (provisional as regards negative characters).—Cryptocystes
destitute of a bivalve shell, with the capsule at the anterior extremity;
an aniodinophile vacuole; type genus Glugea.

This family now includes Glugea, Pleistophora, and Thelohania. Before
the proposition of Pleistophora, only 2 genera had been proposed. Their
distinction was practically based upon 3 characters, a comparison of
which indicated very strongly that either there were too many genera
or too few. If, as Henneguy and Thélohan and the writer believe,
these characters are competent to determine generic lines at all (in the
opposite case cadit questio and everything reduces to Glugea), then the
spore_of Cottus scorpio should form the type of a new genus, for (see
table below) of the 3 characters but 1 is commmon to it and Glugea, and,
although 2 are common to it and Thelohania, the third (divergent)
character is one of no slight importance in Z'helohania, as it is common
to all the 3 (probably 4) typical species. TFor this genus I have pro-
posed the name Pleistophora. '

. Pansporoblast Pansporoblast
Myxosporidium. producing spores. ‘ membrane, Gonus.
Prerent........... Inconstant, numerous....| Not subporsistent Glugea.
Absent .. ..| Inconstant, nuinerous....| Subperaistent ...... .| Pleistophora,
Absent ........... Constant, 8 ..ccevnennn... Subpersistent ............ Thelohania.
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I. GLUGEA Thélohan, 1891.

Etymology: Gluge.
Compt. Rend. hobdom. Soc. Biol. Paris, 11, p. 29; Gluega [error] Thélohan,
; ib. Thélohan, 1891, Jouru.

1891, Comnpt. Rend. Acad. Sci. Paris, cx11, p. 171;
de Microgr., Paris, Xv, p.147; Glugea Thélohan, 1892, Bull. Soo. philomat.

Paris, 1v, p. 174; ib. Henneguy and Thélohan, 1892, Annal. do Microgr., -

1v, pp. 630, 636; ib. Gurley, 1893, Bull. U. 8. Figh Com. for 1891, X1, p. 409; ib..

Braun, 1893, Centralbl. f. Bakt. u. Parasitenkde, X1v, p. 739; ib. Braun 1894

ibid., xv, p. 86. ' !

X Definition.—Glugeide possessing a myxosporidium, and in which the
i ;‘nﬁporob]ast produces an inconstant but large number (always more
an 8) of spores; pansporoblast membrane not subpersistent; type,

G. microspora Thél. (synonym for anomala Moniez).

27. Glugea destruens Thélohan, 1892.

lCallionymu.q
'}l{tﬁi,"?{é?%g destruens. | Dato. Authority; reforence.
I
X ceeee 1801 Tll@ghnn. Compt. Rend. hobdom. Soc. Biol. Paris, IIT,
p. 28,
X 1801 'l‘h(séo!;an, Compt. Rond. Acad. Sci. Paris, CXTL, pp.
. 168-71.
o) 1801 | Th¢lohan, Journ.de Microgr., X V. pp. 145-6. -
X 1801 | Pfaifter, Dio Protozoon als Krankheiteerreger, 2 ed.,p.
115.
X feeeernaennes 1892 ’l‘llélolm_l‘;,Compt. Rond. hobdom. Soc. Biol. Paris, IV,
. B34,
................ Glugea. 1892 Tilnz-lohnn, Bull. Soc. philomat. Paris, IV, pp. 165, 174,
. foutnote.
X e 1802 | TMenneguy & Thélohan, Annal. de Microgr., IV, pp.
618, 619, 036.
Glngesa. 1893 | Gurlay, Bull. U.S. Fish Com. for 1891, XT, p. 409.
...| Glugea. 1893 | Braun, ContralbL f. Bakt. u. Pnrus;tcmlke.XlV.p. 739.
cteeetieneneee..| Glugoa. 1894 | Braun, Centralbl. f. Bakt, . Parasitendke, XV, p. 86.
. R

Cyst none.
Myzosporidium.—Lctoplasm and en

Spore formation.——l’mlsporoblast m
after spore formation. Sporoblasts, consisting of small globules with

;Elear nuelei, sometimes disposed in very great numbers, sometimes iso-
ated in groups of 4, 10, or 12 within the pansporoblast membrane.

9.581707‘6.—1& little smaller than the siwilar parasite? of Cottus scorpio,
foh to3 ulong; 1tol:d u broad; characters otherwise identical (Thé-
o an, 1891). Length, 3 to-3'5 4; breadth, 2 x4 (Thélohan, 1892, p. 174).

apsule present (Henneguy & Thélohan, p. 619).

toliabita.t.—Upon section of the muscles aifecte:d, the parasite is seen
) ave its seat in the interior of even the prnnitive fibrillee of the
nuscles of Callionymus lyra- Not encysted, but forming « parasitic
mass, destitute of an envelope, in which ripe spores are seen With

OthL?FS in course of development. . .
th 7ffects,—Unlike the otherwise very similar condition in Cottus scorpio,
e muscular fibers soon break up and undergo vitreous degeneration.

doplasm recognizable.
embrane thin, disappearing soon
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28. Glugea anomala Monioz, 1887. Plate 10, figs. 1-3.

Gaateros-| Pyros- i .
tous aou- [teus 1mn-| ﬁ]'l’)'l‘:‘

lontnsa, gitins, bl micro- T .

“c(irpl'l’a- “c‘]"'l’l'l,ﬂ~ ”?&li}- anomala. Apori. Date. Autliority ; reference.
cles, cles, . .

ete., of. | ete., of, | Otvnof

Glli:g().}_hill!. Acad. Roy. Belg.,V, pp. 772-6,

figs. I, 11,

Gluge, Anatom.-micros. Untersuchgn, z.
allgen. u. spee. Morphol., 11, pl.5, fig.

4 a-¢.
! Miillor, Miiller's Archiv.. p. 401
Creplin, Wiegm, Archiv. 1, Nuturgesch,,!,
pp. G4-3.

Miille er's Archiv. de Méd. comp., I,

8.
| Rayer, Rayer's Archiv. do Méd. comp., 1,
pp- 26670, pl. 9, 1igxs. 11, 12.
Lieberkiihn, Miiller's Archiv,, pp. 0-12.
(See algo p. 183.)
' Moniez, Compt. Rend. Acad. Sci. Parls,
CLV,p. 1318,
¢ Hennegny. Mém. publites Soc. philomat.
Paris, 1'Ocens. Centen, Fond., p. 170,
Thélohan, Compt. Rend. Acad. bel. Paris,
CIX, p. 921,
Théetlohan, Annal.deMicrogr., 11, pp. 202-4,
211-12, pl. 1, figs. 4,17,
Garbini, Rend. Tteal. Accad. Lincoi Roma,
! V1[I, Sem. 1, p.153.
.................... e reereiieieiii...| Glugea .| 1891 | Thelohan, Compt. Rend. hebdom. Soc.

I | Biol, Paris, 111, p. 29,

.......... Lo Glugea .{ 1891 | Compt. Rend. Acad. Sci. Paris, CXII, p.
i 170,

.......... |" Gluega, | 18M | Thélehan, Journ. de Microgr.,, XV, p. 147,

........................................ Glugea .| 1892 | Theéloban, Compt. Rend. hebdom. Soc.

| Biol. PParis, IV, pp. R2-4.
......................................... Glugea .| 1892 | Thelohan, Bull. Soo. philomat. Paris, 1V,
; | pp. 165, 174,

U PPN S SR N Glugea .| 1802 | Hennoguy and Thdélohan, Annal. de Mj-
I crogr., 1V, p{), 619, 031, G33-b.

.................... - \ Glugea .| 1893 Br‘qn‘uxn.l(,‘vmru bl f. Bakt.u. Parasitenkde,
i X .- 96,

.................... L Glugea ' .coc.eo..| 1803 | Gurloy, Lull. U. 8. Fish Com. for 1891, X1I,
[ Co . 409,

.................... i| Glugea .; 1893 Bl;:llll.(:(,’lllru“!]. f. Bakt.u, Parasitenkde,

i LV, . 739,

.................... ?..........‘ Glugea .i.......... 1804 Brmm.&‘vnlmlb].ﬂ Bakt. u.Parasitenkde,

l ' XV, . 86,

* The species is (fide Menneguy, letter to author, 1893) Gobius albus. This identification was made
by a “*specialist.” Dr. Gill informs me that tho name Aphya alba should be used.

{ Nosema Neegeli, 1857, was founded upon . bombyeis Nwegeli, which was rogurded as & Schizomycete
(Tagobl. 33 Versamml. deutscho Naturf. u. Aerzte, im Bonn, 1857, p. 27).

Cyst devclopmenti—In a G. aculcatus kept under observation for
nearly a year there existed at first a single cyst, quite regularly spheri-
cal, attaining nearly the volume of a pea. Very soon small secondary
vesicles, at first scarcely distinct, appeared upon its surface, progress-
ively enlarged and finally, instead of the primary cyst shelling out as
a whole, it split open at the most prominent point and a great part of
its contents escaped, leaving in place of the tumor an excavation irreg-
ularly limited by a ridge formed by the non-empty part of the small
sphere. The small secondary vesicles then developed rapidly and very
soon formed an irregular strawberry-like mass.

1"Thélohan (Annal. de Microgr., 1890, 11, p. 204; Compt. Rend. hebdom. Soe. Biol.
Paris, 1892, 1v, p. 82) also saw cysts enlarge, become subeuntancous, shel] out from
their attuchments into the water, and there burst.
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Cyst structure.!—Number, 1 to 4 (sometimes a dozen, Thélohan), rarely
more, in contact or more or less widely separate; the majority as largoe
as a small pea, some, however, attaining only the size of a piw’s head;
8ize of twmor bearing no relation to that of the fish, being variable in
the same individual; shape regularly spherical or only alittle rounded;
color usually whitish—when covered by the epidermis of the fish,
Silvery. Membrane always present, resistant, usually covered by the
epidermis, which forms an outer c¢yst; surface granulated by alcohol;
Contents consisting of a swall quantity of a colorless fluid coagulable
by alcoliol, holding in suspension immense numbers of corpuscles which
yield bubbles of gas (CO, %) with minerval acids, Miiller (1841, p. 491)
found also some mieroscopic crystals.  Thélohan (1890, p. 204) adds that
the average thickness is 5 y; under high powers the membrane shows
a ﬁbri]l:u‘;v structure parallel to the surface of the cyst. Thélohan
believes the membrane to be nonnucleated and considers this a strong
argument in favor of its derivation from the similarly nonnucleated

 myxosporidian ectoplasm. -

Myzosporidium.—Spore formation:* Myxoplasm containing small
Ducleated globules which surround themselves with a thin membrane,
divide, and end by forming small spheres filled with very numerous
rounded nucleated elements which later will yield the spoves.

Spore.-—Very numerous, transparent, regularly ovoid, 3 to 5 u long,
2t03 u broad, size and form constant in spores from the larger cysts,
less clear in those from the smaller. Shell bivalve; structure not
demonstrable; chemical characters the same as those of other spores.
Interior of spore showing a shaded portion at tho smaller, and a clear
Portion filling the larger, extremity. Capsule.l, filament very long
(50 u), extruded under the influence of iodine. No other reagent pro-
duced such extrusion. The central (iodinophile) vacuole appears to
be absent ; a vacuole uncolorable by iodine is present, however, usually
in the larger end, less frequently subcentral. Thélohan (1890, p. 212)
has traced the division of the nuclei up to 4, a number which he lias
lever seen (but which he does not wish to assert may not be) excecded.

Micro-chemistry.—Acetic acid produces 1o change. Sulphuric acid
causes evolution of bubbles of gas (Co.?), the corpuscles at the same
time becoming Jess clear but not dissolving.  Potassium hydrate causes
an agglomeration similar to the “rouleaux” of blood corpuscles
(Gluge). The best stains for this species, Thélohan found to be gen-
tian violet; butabove all, safranin by the Gram-Bizzozero method.

Habitat.—Subcutaneous cysts of Gasterosteus aculeatus (stickleback)
In Buropean rivers, oceurring only once in every 20 or 30 fishes examined
(Miiller). Subcutaneous cysts of I’ygosteus pungitius (9-spined stickle-

!Description Glnge’s unless otherwise stated.
?Thélohan’s observations on a myxosporidium in G, acnleatys (Journ. de Microgr.,
1891, XV, p. 147).
F 0——13
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back. The forms habitant on these 2 fishes are identical, differing only
a little in thesize of the cysts (all fide Thélohan). Subcutaneous cysts.
of Aphya alba (= Qobius minutus and G. aldbus). In the last the deform-
ity is even greater than in G. aculeatus.

Nature.—For Gluge’s opinion, see p. 93.

L fects.—Even where the tumors occupy the internal surface of the
opercle the fish did not appear to be hampered in its functions., Those
which carry the tumors on the fins,nevertheless move the latter as
freely and actively and execute all movements with the same facility as
the sticklebacks not so affected. The tumors may be carefully removed
without injuring the fish, which appears as well as ever after the opera-
tion. Upon careful dissection, Gluge was unable to find any change in
the intestine or in the 'blood. Thélohan (1890, p. 203) states that in
certain cases the muscles are compressed and atrophied by pressure of
the tumors, and the viscera are also compressed and no longer present
their normal position or relations.

I1I. PLEISTOPHORA Gurley, 1893.

Etymology: mAewsroc, very many; ¢epeww, to carry.

Bull. U. 8. Fish. Com. for 1891, x1, pp. 409, 410; ib., Braun, 1894, Cecuntralbl, f.
Bakt. u. Parasitenkdo, xv, p. 86.

Definition (provisional as regards negative characters).—Glugeide
destitute of a myxosporidium and in which the pansporoblast produces
an inconstant but large number (always more than 8) of spores; panspo-
roblast membrane subpersistent as a polysporophorous vesicle; type,
P. typicalis.

29. Pleistophora typicalis Gurley, 1893.

(Corpuscles of Cottus scorpio Thélohan, 1890, Annal. de Microgr., 11, pp. 203, 212;
ib. Thélohan, 1891, Journ. de Microgr., XV, pp. 145, 146; ib. Thélohan, 1891,
Compt. Rend. hebdom. Soc. Biol. Paris, 111, pp. 27, 28; ib. of Collus (error)
Thélohan, 1891, Compt. Rend. Acad. Sci. Paris, cxi1, p. 170; ib. Pfeiffer, Die
Protozoen als Krankheitserreger, 2 ed., pp. 113-115; ib. Thélohan, 1892,
Compt. Rend. hebdom.Soc. Biol. Paris, 1v, pp. 82, 83; ib. Thélohan & Honne-
guy, 1892, ibid., p. 586; ib. Thélohan, 1892, Bull., Soc. philomat. Paris, 1v,
pp. 165,174; ib. Henneguy & Thélohan, 1892, Annal. de Microgr,, 1v, pp.
618, 619, 622, 631, 636.)

Pleistophora typicalis, Bull. U. S. Fish Com. for 1891, x1, p. 410; ib. Braun, 1894,
Centralbl. f. Bakt. u. Parasitenkde, Xv, p. 86.

Cyst.—None.

Spore formation.—Thélohan observed between the fibrill small sepa-
rate masses of protoplasm, each with a distinet membrane and nuclei.
These masses were 4 u' long by 2-5 to 3ubroad. Thélohan believed them
to represent the first stages of development, but emitted this opinion
with reserve, not having seen a sufficient series of stages. Some pro-
toplasmic masses inclosing several nuclei exhibit, however, intermediate
stages between the masses already described and the pansporoblasts.

444 Cent.” in Journ. de Microgr., XV, p. 146,
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Pansporoblast spherical, average diameter 15 to 18 u; membrane
thin, transparent, containing, besides fully developed spores, sporo-
blasts in different stages of development, some of them measuring 2:5
to 3 u, and containing one or several colored granules representing
nuclei. ‘

Spore.—Ovoid, resembling that of Glugeca anomala; length, 3 u;
breadth, 15 to 2 u; a single capsule with a filament is present; large
extremity showing a mass refractory to staining fluids, the remainder
of the spore cavity containing sporoplasin, and a body apparently repre-
senting the nuclear element of the spore, staining strongly with reagents,
and in certain cases decomposable into separate granules whose num-
ber never exceeds 4.

Habitat.—Muscles of Cottus scorpio (sculpin); position interfibrillar.

Effects.—Diseascd mass forming small white streaks of an average
size of 5 to 6 mm. by 3 mm., consisting of spores. The fibers affected’
increase in bulk; they are filled with the pansporoblasts disposed
without regular order between the fibrille, which latter becomo sepa-
rated and distorted, without, however, presenting any alteration of
structure or diminution in the clearness of their tranverse striation.

1II. THELOHANIA Henneguy, 1892

Etymology: Thélohan.
In ‘Thélohan, Bull. Soe. philomat. Paris, 1v, p. 174, footnote; i, Honneguy, in

Henneguy and Thélohan, Annal, de Microgr., Paris, 1892, 1v, p. 636; ib.
Gurley, 1893, Bull. U. 8. ¥ish Com. for 1891, x1, pp. 409-410; ib. Braun,
1893, Centralbl. f. Bakt. u. Parasitenkde, X1v, pp. 739-740; ib. Braun, 1894,
Centralbl. f. Bakt. u. Parasitenkds, xv, p. 86.

Definition' (provisional as regards negative characters).—Glugeide
destitute of a myxosporidium and in which the pansporoblast pro-
duces constantly 8 spores; pansporoblast membrane subpersistent as
an octosporophorous vesicle; type T. giardi?

Henneguy and Thélohan remark that in this genus the spores unques-
tionably approximate those of Glugea anomala and those of Pleistophora.,
The number of spores formed in the pansporoblast and the absence of
a myxosporidium differentiate Thelohania from Glugea. On the con-
trary, the last character and the subpersistence of the pansporoblast
membrane as a sporophorous vesicle, approximate it to Pleistophora.

! Henneguy’s definition is:

“Spores pyriform, with one polar capsule at the small extremity and, ut the opposite
extremity, a clear vacuole with contents not colorable by iodine. Sporoblasts pro-
ducing only 8 spores surrounded by an envelope porsisting after theformation of
thieso last; no plasmic mass, properly speaking.”

As constituted by Henneguy the genus included only 3 species, 7. ootospora, T. giardi

and T. contgjeani. .
s Type proposed by the author in Bull. U. 8. Fish Com. for 1891 (1893), X1, p. 410,



196 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

30. Thelohania contejeani Henneguy, 1892. Pl 10, figs. 4, 5.

‘Parasite of crayfish, Henneguy and Thélohan, 1892, Compt. Rend. hebdom.
Soc. Biol. Paris, 1v, p. 749.) ’
Thelohania contejeani, in Thélohan, Bull. Soc. philomat. Paris, 1v, p. 174, foot-
note; ih., Hennegny and Thélohan, 1892, Annal. de Microgr., 1v, pp.
637-9, pl. 4, figs. 26-7; ib., Braun, 1893, Centralbl. f. Bakt. u. Parasitenkde,
X1V, pp. 739-740; ib., Dubois! (Raph:wl) 1893, Recherches de pathologie
comparée sur la peste des écrevisses, Compt. Rend. hebdom. Soe. Biol.
Paris, v, pp. 158-9, figs. A,B; ib., Gurley, 1893, Bull. U, 8. I'ish Com. for
1891, x1, p. 410; ib., Braun, 1894, Centralbl. f. Bakt. u. Parasitenkde,
XV, p. 86; ¢f. La Maladio des Ecrovisses en Allemagne; Bull. Meunsuel Soc.
Nat. d’Acclimat. Jrance, I'ebruary, 1884, p. 200 (transl., Bull. U. 8. Fish

Com. for 1884, 1v, pp. 299-302).

Cyst—None. Parasitic mass producing an opacity of the affected
muscles, as in Palemon and Crangon. Opacity more difficult of obser-
vation than in the last, on account of the greater thickness of the test;
“easily detected, however, on the inferior surface of the abdomen.

Adult.—In some places only spores are seen; in others small plasma-
spheres, containing a variable number of nuclei, occur. These are
evidently developmental stages, but a full series could not be found.

VThis observer noted 2 (entirely distinct) pavasites, viz: one which Henneguy
and Thélohan pronounced a fungus, and one whiclk he determined to be Thelohania
tontejeant.

1. The former he describes as follows:

Spore.—Cellules elongate, ovoid, eylindrical, or strangulated toward the middle,
according to the degree of developmont. Shell double-contoured; protoplasm
vacuolate, escaping amaboidly through a small lateral orifice. Spores apparently
not capable of growth in nutritive fluids.

Habitat.—Confined to the intestinal canal of the diseased crayfishes., ‘The observa-
tions were made in June and July (1892), the months of maximum soverity of
the epidemic.

Crayfish epidemic.—Causes: Alterations of streams by industrial or agricultural
products can have only a subordinate andlocal influcnce.

Areainvaded divisible into 3 zones: (1) Lake Mantua (and its outlet to the sea,
the river Ain); formerly renowned forits crayfishes, which constituted an important
revenue; now destitute of crayfishes. (2) Tho Merloz rivulet, an affluent of the
lake, containing sound and diseased crayfishes, the latter showing tho symptoms of
the pest. (3) Tle sources or Doye des Neyrolles feeding the lake and the Merloz
rivulet, from which latter it is separated by a dam, above which all the crayfishes are
healthy. '

The stoppage of its advance by the dam and its inability to grow in nutritive Auids
caused Dubois to suspect it to be an animal (possibly a sporozoan) which asconded
the watercourse from the sea, perhaps brought by a fish., Thélohan and Henneguy,
however, from an examination of his material, Lelieved the form to be a fungus.

The Distome described by Baer in 1827 (when no epidemic existed), to which Harz
attributes the erayfish epidemic, was sought for in vain.

2. Thelohania contejeani.—Feeding experiment: Sound crayfishes were isolated
in reservoirs and fed, some with butcher's meat, and others with the flesh of trout,
carp, pike, and roach. After three months those fed on roach showed parasites in
the abdominal muscles. This parasite was identical with Thelokania contejeani.
Dubois asks: Do relations exist between the parasite found in the mnscles and the
intestines in October, and that found in July in the abdomen?
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Spore formation.—Number of spores found in each sporigenous atea
Variable, always, however, more than 8, in which respoct the present
Species differs from the spores of Palemon and Crangon.! Spores some-
times free, sometimes 8 together ina common envelope, as in Palwmon.?

Spore.—Size approaching and appearance the same as that of T. octo-
8pora; ovoid, length 2 to 3 u, with a clear vacuole in the larger end.

_ Habitat.—Striated muscles of Astacus fluviatilis (crayfish) from the
Department of Doubs, France; collected by M. Contejean in 1890,

Pathological anatomy.—On section the muscles show pearly the same
appearance as in Palemon and Crangon ; the fibrillie being separated by
Parasitic masses, which in transverse sections appear as numerous
deeply stained punctules, and which in longitudinal sections assume the
appearance of irregular chains separating the fibrillic; the latterﬁha\'e
Preserved their normal appearance, the strice being perfectly distinet.

Nature—The material was available only in alcohol, to which it had
been transferred from Fol’s liquid. Owing to this, Henneguy and The-
lohan were unable to demonstrate the capsule with filament., The
Similm-ity to the other species leads them, however, to believe it a
myxosporidian.

Effects.—A notable diminution of muscnlar vigor was clearly estab-
lished with the myograph by M. Contejean.

Epidemics.—In the Department of Doubs this disease has raged with
Intensity among the crayfishes during several years and has caused the
death of a very great number of individuals. It, seems now to have
disappeared. Moreover, this parasite can hardly be special to the
watercourses of Doubs, and, remembering the cousidorable mortality
caused by it in that Department, it is to be presumed that this hitherto
unknown organism has played a role in the genesis of the epidemic
which raged for several years in the Kast, and which has almost com-
bletely destroyed the eraytishes of that region.

31. Thelohania octospora Henuoguy, 1892. Pl.10, fig. 6; pl. 11, figs. 1-5.

(Parasite of Palamon rectirosiris and of PI. serratus, Henncguy, 1888, Mém.
publiées Soc. philomat. Paris I’Ocecas. Centen. Fondation, pp. 163-71; ib.,
Thélohan, 1891, Journ. de Microgr.,, XV, P. 1465 ib. of P. reotirostris,
‘Ihélohan, 1891, Compt. Rend. hebdom. Soc. Biol. Paris, 111, p. 28, name
only; ib., Thélohan, 1891, Journ. de. Microgr., Xv, pp. 146-7; ib., Pfeifler,
1891, Dio Protozoen als Krankheitserroger, 2 ed., pp. 114-5; ib,, Thélohan
and Henneguy, 1892, Compt. Rend. hebdom. Soc. Biol. Paris, v, p. 586.)

Thelohania octospora in Thélohan, Bull, Soc. philomat. Paris, 1v, pp. 165-6,
174, footnote; ib., Henneguy and Thélohan, 1892, Annal. de Microgr., 1V,
pp. 621-27, 629-G32, pl. 4, figs. 1-8; ib. Gurley, 1893, Bull. U. S. Fish Com.
for 1891, X1, p. 410; ib., Braum, 1893, Centralbl. f. Bakt. u. Parasitenkde,
X1V, pp. 739-40; ib., Braun, 1894, Contralbl. f. Bakt. u. Parasitenkde,

XV, p. 86.

!Henneguy and Thélohen, Compt. Rend. hebdom. Soe. Biol. Paris, 1892, 1v, p. 749,
*Hennegny and Thélohan, 1892, Annal. de Microgr., 11, p. 638.
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Life history.—All the individuals, whether wholly or only partly
invaded, showed the same developmental stage. It seems fair to sup-
pose the first stage to be a plasmodioid mass in which the spores form.
The constant prescuce of 8 spores suggests their origin by successive
bipartition, as occurs with the falciform corpuscles of Gregarines (Hen-
neguy, 1888). The stage of development of the parasite of P. serratus,
taken in connection with the date of capture, indicates that the course
of development of the parasite is the same in this crustacean as in P.
rectirostris (Henneguy and Thélohan, 1892).

Cyst.—Henneguy vainly endeavored to deteet, even under very high
powers and with different reagents, in material, fresh or fixed, disso-
ciated or sectioned, a cyst membrane, and believes the cyst to be
absent. This view is, he thinks, confirmed by the irregularity of the
distribution of the pansporoblasts betiween the fibrillee.

Pansporoblast (* vesicles” of Henneguy, 1888).—Rounded, diameter,
10 43 membrane thin, transparent, resisting potassinm hydrate solution,
apparently not presenting local thickenings as in 7. giardi.

Spore formation.—Each pansporoblast produces 8 spores, which fill
only a portion of its cavity and are disposed without order.

Spore.—Length,3 to 4 u; pyriform, very refringent; capsule present;
length of filament 40 to 50 u; exit, produced, after failure of all other
reagents, by ether, whose action is rapid and perfectly definite, and
affects a large number of spores; usually extruded completely, some-
times, however, ouly partially uncoiled; capable of staining with anilin
gtains, among others violet 5B. The electivity of the filament for ether
is a striking peculiarity.

Habitat.—Interior of muscular fibers (between the ultimate fibrille)
of Pal®mon rectirostris Zadd (prawn), from the salt marshes at Le Croi-
gic; the same seat in P.serratus from Concarnean and from Roscoff. In
P. serratus less common than in P, rectirostris, in which latter it is (at
least at Le Croisic) extremely frequent. It is never found in the diges-
tive tract, nervous system, glands, sexual organs, or anywhere but in
the muscles.

Affinities.—By its exclusive seat in the muscles, and by the form and
grouping of the spores, the parasite appears to be incontestably a sar-
cosporidian, differing from those of the Mammalia in the absence of a
surrounding membrane.. The spores, also, are a little different from
those of the other Sarcosporidia. They recall certain myxosporidian
spores. This forin also presents much affinity with the Microsporidia
of the Arthropoda, the latter having the same refringent aspect and
more or less oval shape of the present species, and being, like it, inclosed
in “vesicles.”” One finds them in all tissues, but not in the interior of
the muscle fiber. There, then, probably exists a rather close relation
between the Micro-, Myxo-, and Sarcosporidia, and the parasite of
Palawmon appears to represent a transition form between the 3 groups
(Heunneguy, 1888). »
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The discovery of the capsule settles the question in favor of its myxo-
sporidian nature. It is thus uneither a sarcosporidian nor a transitional
form (Henneguy and Thélohan, 1892).

Microscopic technique.—Henneguy fixed by alcohol, osmic acid solution,
Flemming’s, Perenyi’s, or Kleinenberg’s liquids, dehydrated, paraffined,
scctioned, affixed with Mayer’s albumen, and stained, preferably with
gentian violet (Ehrlich’s) and eosin. Parasites (also nuclei of muscles,
connective tissue, epithelia, nerves; which, however, can be washed out)
Violet, muscles rosered. Picro-carmine; muscles red, spores yellovw,
Safranin; tissue nuclei red, spores same, but fainter. :

T. octospora differs from T giardi in the smaller size of the panspor-
oblast, and apparently also in the absence of thickening of its mem-
brane.

Pathological anatomy.—Macroscopic: Easilyrecognizable by the chialky
or porcelaneous opacity! which forms a constant and characteristic sign
of the presence of these M} _/xos'poridia Opacity limited to the muscles
invaded, consequently varying in extent with the degree of infection;
in b]lg]lb (and in the beginning of all) cases being limited to some
white strize in one or several abdominal segments, or only one or two
segments (most frequently then the first ones, the disease appearing to
Progress from before backwards) are opaque white. Ad mazimum, the
entire body becomes white except the region of the heart and stomach
which always, and some parts of the claws, antennse, bealk, and abdom-
inal segments which usually, remain transparent. These exceptions
constitute the only difference between this condition and the opacity
produced by heat or alcohol.

Microscopic.—Low powers: In examining a teased or slightly com-
pressed muscle fragment, one immediately perceives, besides the normal
primitive fiber bundles (easily recognizable by their transverse stria-
tion), elongated spaces parallel to these bundles, contrasting strongly
therewith, and apparently filled with a peculiar finely granular sub-
stance. Dnnenslons of spaces approximating those of the normal
fiber bundles; their transverse diameter, however, a little greater.
Number of spaces varying pari passu, and the intervening sound tissuo
varying inversely, with the intensity ot the infection, the opaque spaces
being in contact or more or less widely separated by sound fiber bun-
dles. The proportion of the fibrill® invaded is best appreciated in
transverse sections of the muscles., In extreme cases nearly all the
fibers may be affected. Longitudinal sections show the parasite in the
form of violet chains between the rose-red normal fibrille (gentian
violet; safraunin).

Higher powers: At first sight one would believe that each of these
productions is entirely composed of a parasitic mass interposed
between the primitive fibers, but a more thorough examination shows

'The same opacity is found in the muscles of Callionymus lyra, Cottus scorpio, and
Barbus barbus, and outside the muscles the parasites exhibit the same color.
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that cach space corresponds to a primitive fiber bundle whose normal
aspect is profoundly modified by the presence between its fibrilke of
clements of a parasitic nature, whence results a slight increase of width
of the fiber bundle. Most often the fibrille do not present a sensible
alteration. Sometimes (probably when a great quantity of the para-
sitic element has led to a considerable separation) the clasticity of the
fibrille is overcome, rupture resulting. Even under these conditions,
however, the muscle stricc remain exceedingly clear, no degeneration
ever having been observed, as in Callionymus and the barbel.

The nuelei of the muscle fiber are more numerous and smaller than
normal; this feature is particularly well shown by safranin (Henneguy,
1888). '

I ffects.—The muscular vigor is considerably diminished. Thus, if a
number of P, rectirostris living in the rivulets of the salt marshes be
frightened out of their shelter among the vegetation, even although
the new shelter sought by them be ncar at hand, the diseased white
individuals (immediately recognizable against the strongly contrasted
muddy rivulet bottom) lose ground and remain considerably behind the
sound ones. Further,one knows with what ease the prawns jump out
of the vase in which they are held captive. If sound and opaque
prawns be placed together in a basin, after some howrs the sound ones
have nearly all dispersed around the vessel, while the opaque are there
still, or have only succeeded in sticking to the wall of the basin, how-
ever small the bound required to overleap the barrier. Considering
the intensity and universality of the musecle infection, the diminution
of muscular vigor is quite natural; indeed, the surprising feature is
the relatively great agility retained by musecles the bulk of whose con-
tractile substance is much inferior to that of the parasite, and in some
cases it is truly astonishing that muscular power is not completely
destroyed. Among the diseased Palemons no cgg-bearing females
were scen. Perhaps this may be a case of ¢ parasitic castration.” The
diseased individuals do not survive very loug, all succumbing by the
end of autumn, as during the winter not one can be found.

Conditions and mode of infection.—The prawns affected are usually
found in small shallow ditches containing a layer of water 0-10 m. to
0-20 m. deep, along the slope separating the compartments from the
salt marshes. The water of these ditches is rarely renewed and acquires
an elevated temperature.s These are probably thie conditions favorable
to the development of the parasite. Itis difficult to decide whether
the parasite finds an entrance by way of the alimentary canal. Ien-
neguy seems to favor the contrary view, as the first lesions are found
at places remote from the digestive tract.

Artificial infection.—~Captive Palemons fed for several months with
diseased tissue showed no signs of infection. It was impossible to pro-
long the experiment to see whether infection would ultimately ensue
(Henneguy, 1888). L. rectirostris fed for months with diseased tissue
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never showed, under the most careful microscopic examination, the
slightest trace of infection (Henneguy and Thélohan, 1892).
Season.—Disease most frequent and at maximum of development
from about July 15 to the end of August; number affected diminishing
in September; diminution more pronounced in October; disappearing
entirely after November 15; reappearing about March 15 or the first
days of April.
32. Thelohania giardi Henueguy, 1892. Il 12, figs. 1, 2.

Cr:lm;;(.)n
vulgaris, L P
"]mrgu‘;i:!::” giardi. Date. : Authorily; reference.
cte., of,
X Jeeeeeeieninans 1802 | Thélohan & Henneguy, Compt. Rend. hebdom. Soo.

Biol. Paris, IV, pp. 586-7.
Thelohanis .| 1802 | Henneguy in Thélohan, Bull. Soc. philomat. Paris,
) IV, pp. 165, 174, foutnote.

Tholohania .| 1802 | Honneguy & Thclohan, Annal. dolficrogr., IV, pp. 621,
024, 626-31, pl. 4, thgs, 9-25.
X * 1803 . Ohlmacher, dourn. Amer. Med. Assoc., XX, p. 562.
Thelohavia .. 1893 | Gurley, Bull. U. 8. Fish Com. for 1891, X1, p. 410.
Thelohunia .| 1803 | Braun. Centralbl. f. Bakt. w. Parasitenkdo, X1V, pp.

730-740.
Tholohania .| 1894 | Braun. Centralbl. f. Bakt. u. Parasitenkde, XV, p. 80,

* Crangnon; error.

Cyst unknown.

Spore formation.—Pansporoblast spherical; diameter 14 u (12 to
14 u); in the young stages éonsisting of a very thin membrane
resisting potassium hydrate, inclosing a very transparent, scarcely
granular, slightly refringent protoplasm, having at its center a rather
large nucleus (pl. 12, fig. 1a, b), often visible in the fresh state, becoming
much elearer under the action of reagents.

(1) Segmentation of the pansporoblast: The nucleus first presents
the typical resting structure with a distinet membrane. -The chromatin
can take on different arrangements, sometimes formingone grain much
larger than the others, sometimes a variable number of smaller sub-
equal grains, or sometimes crowded back against the membrane, pre-
senting here and there thicker portions (pl. 12, fig. 1). Subsequently
a remarkable modification occurs: the chromatin has become arranged
in filaments, the membrane has disappeared, and the nucleus assumes
the arrangement known as the chromatic coil; very soon the chro-
matic filaments orient themselves into a very distinet equatorial plate,
which becomes double, the process resulting in the formation of 2
daughter-nuclei. We thus have atrue karyodieresis. Theachromatic
filaments were not seen, doubtless owing to their rather small size and
partly, Henneguy and Thélohan believe, to the nature and optical proper-
ties of the protoplasm. Protoplasmic segmentation soon follows nuclear
division, and one sees, within the primitive pansporoblast membrane, 2
small distinet nucleated masses. In their turn these 2 masses divide
and redivide, the process ending with the formation of 8 small plasmic
bodies (sporoblasts) within the original pansporoblast membrane, The
divisions do not take' place very rapidly, and between successive ones
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the nuclei have time to return to a state of rest, whence they again pass
through the same stages preliminary to division.

The sporoblasts have no regular arrangement within the pansporo-
blast membrane; their shape is inconstant, varying with their arrange-
ment; they generally approximate a truncate-pyramidal form. Bach
sporoblast develops into a spore. ' Spores thus contained 8 in each
pansporoblast membrane, without regular arrangement, not nearly
filling the cavity. Thisis the last stage of development reached in the
muscles of the host. ‘ .

Pansporoblast membrane retaining its original dimensions, perfectly
transparent, very thin, although the double contour is easily visible,
showing in optical section marked thickenings, often 2 in number (pl. 12,
fig. 1%).

(2) Development of sporoblast into spore: Owing to the very minute
size of these bodies, it is almost impossible to follow this development
in detail or to confirm the facts discovered in the larger forms by Thélohan,
viz, sporoblast segmentation, number of nuclei, etc.

Development of capsule: A peculiar arrangement, belicved to be
connected with the development of the ecapsule, was noted, viz: often in
the body of the sporoblast, near the nucleus, a clear rounded space, into
which a small protoplasmic button projects. This observation is, how-
ever, a very delicate one, and the figures are slightly diagrammatic.

Morphology of the sporophorous vesicles.—The constitution and develop-
ment of the spore-producing vesicles permit us to consider them only as
the morphological equivalent of the pansporoblasts of the other Mywo-
sporidia. These octosporophorous pansporoblasts form a transition
from the oligosporogenetic pansporoblasts of the larger species to tho
polysporogenetic pansporoblasts of Glugea, which latter produce a con-
siderable and inconstant number of spores. Above all, one fact is here
to be noted, viz, the entire absence of o myxosporidium. No structure
whatever could be detected which could be regarded as its morplo-
logical or physiological equivalent,

But whence come these spore-producing vesicles? Evidently they do
not represent the first stage of development. Now if, as is usual, they
are formed in the interior of a protoplasmic mass, what has become of
the latter? In all other known species a considerable protoplasmic
residue remains, even of myxosporidia whose development is completed,
and in whieh young pansporoblasts are no longer to be found, but only
entirely mature spores. But here are young pansporoblasts at their
simplest (uninucleate spherules) with not the slighest trace of a sur-
rounding protoplasm. As long as we had only found these organisms
in the mature state (as sporophorous vesicles) that absence might have
been explained, in case of necessity, on the supposition of a complete
previous transformation of the myxosporidium into pansporoblasts, the
myxosporidium vanishing in the process or leaving only insignificant
vestiges. But in the presence of the now known earlier phases of
development this hypothesis seems hardly admissible,
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Henneguy and Thélohan add:

Is it necessary to admit the existence of & plasmic mass [myxosporidium] which is
completely transformed into sporoblasts? This mode of view can evidently be
defended ; no fact, however, comestoitssupport, and it has the grave fault of deviating
Wwidely from what one knows of the development of the other specics. On the whole
we must admit that there is here a point in the history of our parasite which our
Tesearches have not elucidated, and the state under which it is presented constitutes
2 curions peculiarity which, at least in appearance, establishes an important distine-
tion Letween it and tho other Myzosporidia.

Abnormalities of development.—Onerather frequently encounters spores
which are larger than the others and which exhibit a constriction (pl.
12, fig. 11). At first view one is tempted to question whether this is
not a phase of division. Similar productions are rather frequent in'
Glugea and in the Microsporidia (whose spores offer much resemblance
to those of Thelohania), where they l'ave been seen by Pasteur,® who
considered them as corpuscles in process of division. On the contrary,
Balbiani, who has studied them with care, regards them as the result of
malformations, a view which Henneguy and Thélohan adopt in the pres-
ent species. If fig. 12, pl. 11, be considered, it is quickly seen that this
is the only interpretation admissible. One sees there 4 normal spores,
and 2 larger structures constricted toward their middle and presenting
attenuated extremities similar to the small ends of normal spores.  The
appearance of these elements and their dimensions cause one to think
of 2 spores soldered by their large extremitics. There can no longer
remain any doubt in this respect if one considers tha_t by supposing
these spores separated the typical number of spores in th.e Pansporo-
blast is made up. In reality, then, the 2 spores in question have, in
consequence of an accident which has occurred in the course of their
development and by a process which we have not been able to follow,
contracted an intimate adhesion at the level of the.ir‘la.rge extremity,
the point where this soldering has taken place remaiving marked by a
constriction. The limited number of spores in each pansporoblast ren-
ders the proof much more easy here than in Glugea and the Alicrosporidia,
where the number of spores is much greater and not constant,

[Ican not see why these could not be more simpl.y and better explained
as malformatiouns, the result of development from imperfectly segmented
pansporoblasts, i. e., as developiug from a quarter-segment of the
pansporoblast which failed to divide completely. The partial fusion of
2 spores where no pressure-atrophy of the shell could be assuned, seems
very improbable, (cf. p. 180). R.R. G.]

Finally, although not pertaining directly to the Myxosporidia, in this
connection the following from Kunstler and Pitres® may be quoted:

The small forms often show themselves constituted in such a manner that they
appear to be in way of division (figs. 8-12). The multiplicity, the variety, and the
oconstancy which those appearances prosent scem to show well that this is really a

tEtudos snr les maladies des vers A soie, Paris, 1870.
s Journ. de Microgr., 1884, viui, p. 522,
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process of division. Some divide into 2 equal parts (fig. 8); in others the parts aro
of unequal dimensions (figs. 9, 10), and often this division recalls strongly a phe-
nomenon of terminal or lateral bmldnw (fig. 11).

Spore.—Very vefringent, pyriforin; anterior end much more acute;
length 5to 6 u; shell with very fine longitudinal strie; could not deter-
mine whetber bivalve or not.

Capsule: In fresh material the highest powers reveal nothing sugg eqt-
ive of a capsule, the anterior extremity appearing merely more sha.ded,
seemingly occupied by a homogeneous, refringent substance. Onesome-
times secs, however, near the anterior end, a clear streak (pl. 12, fig. 10)
believed to be due to thecapsule, but it is too indefinite and exceptional
to prove the existence of that structure. Stained sections afford no aid
here,

Filaments: Extrusion not produced by iodine, potassium or sodium
hydrates, glycerin, heat, acetic or formic acids, or by ether. Hydro-
chloric and nitric acids produced extrusion; thelatter difficultly obtain-
able, vbserved only in a very small number of cases in spite of repeated
efforts. Strangely enough, this method failed completely to produce
extrusion in 7. octospora and, on the contrary, ether, the only agent
which succeeded in.that species, was without effect on the sporves of 7.
giardi. Tilament 15 to 20 1« long; usnally extruded completély, some-
times, however, extruded only partially uncoiled; susceptible to anilin
stains, among others violet 5B.

Sporoplasm: Safranin or gentian violet (apparently the best stains
for these organisms) yield 2 different appearances, according to- the
degree of decoloration. If slightly decolorized, the vacuole alone is
visible, but when decolorized ad maximum only some colored grains
remain in front of the vacuole. Sometimes two or three are distin-
guishable; most frequently, however, ouly a small colored baud (appa-
rently formed of fused granules of indeterminate number) is seen.
Vacuole aniodinophile.

Habitat.—Seen only once in Crangon vulgaris ¥abr. (shrimp), from
Boulogne. Probably the course of development is the sane as in
Palemon, as in the single specimen tuaken the state of development of
the parasite corresponded to the state of development in Palamon at
the same date. -

Pathology.—Lverything under 7. octospora relative to the opacity
produced in the host applies equally to 7. giardi, except that, by reason
of the less perfect normal transparency in, and the pronounced tegu-
mentary pigmentation of, Crangon vulgaris, the odification is less
striking, though it is always sufficiently sharp to permit the recogni-
tion of the infected individuals without any difficulty.

Effects.—Xihrenbaum® noted abnormal individuals of a paler, more
opaque color, destitute of the normal greenish tone, apparently con-
siderably enfeebled, dying more rapidly than the normal ones when

1 Zur Naturgeschichte von Crangon vulgaris, Berlin, 1890, pp. 11, 12,
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thrown out of the water. The abnormal individuals never included
egg-bearing females.

This, Henneguy and Thelohan think, recalls the aspect of Crustacea
infected by Myrosporidia. They have also never seen egg-bearing
females among the infected Paleemons. Perhaps we have here, they
think, another case of ¢ parasitic castration.”

Infection experiments.—A Caradina desmuresti fed for 71 days with
the muscles of an infected Crangon, showed, on th(, most careful exami-
nation, no sign whatever of infection.

33. Thelohania macrocystis Gurley, 1893. P1. 12, tig. 3.
(Sarcosporidian of Pulwmonctes varians Garbini,' 1891, Rend. Real. Acead. Lin-
cei Roma, vir, Sem. 1, pp. 151, 1562 with fig. ; myxosporidian of ibid., Thélo-
han and Hennegny, 1892, Compt. Rend. hebdow. Soc. Biol. Paris, 1v, p, 586.)
Thelokania macrocystis, Bull. U. 8. Fish Com. for 1891, X1, p. 410; b, Bmlm,

1894, Contralll, f. Bakt. u. Parasitenkde, Xv, p. 86.

Sporophorous vesicle.—Llongate fusiform. This is the principal Lh&l‘-
acter distinguishing this species from 7' octospora, which has perfectly
rounded vesicles.

Spores.—Light in number, pyriform, shell diflicultly stamable, col-
oring only in a 05 per cent boiling solution of eosiu; spores easily
stainable by Graw’s method; in the larger posterior end a distinet
round “nucleus” more clear and transparent than the surrounding
sporoplasm. Together with these forms are others with a thicker and
more difficultly stainable shell, within which 8 corpuscles are with diffi-
culty discernible; probably these represent more advanced stages of
the same parasite.  Garbini failed to find other developmental stages
corresponding to those found by Henneguy in T. octospora. Inocula-
tion of healthy animals proved a failure.

Habitat,—Occurring in great numbers in the muscles of Palemonetes
varians (prawn) from the Mincio in the neighborhood of Verona.

Nature.—This species has much analogy with Thelokania octospora,
but presents some noteworthy differences that warrant its specific sep-
aration, .

Ordo II. Pheenocystes Gurley, 1893.

Etymology: ¢wrw, I appear; xvore, capsule. .
Bull. U. 8. Fish Com. for 1891, x1, pp. 409, 410; ib., Braun, 1894, Centralbl. f,

Bakt. u. Parasitenkde, xv, p. 86.
Definition.—Myxosporidia, in which the pansporoblast produces few
(1 ov 2) spores; the latter relatively large, with distinct. symmetry and
2 or more capsules;? type family, Myrobolide.

'First described in Garbini’s “Intorno ad un nuovo microorganismo parassita del
Palgmonctes varians (title only); Atti Real. Accad. Lincei Roma, 1890, vi, p. 526;
unpublished.

:Except Myzobolus unicapsulatus and M. piriformis. 'This qualification is omitted
by Braun. .
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Fam. MYXOBOLIDZE Gurloy, 1893,

( Myxosporidiew® Perugias, 1891, Boll. Scientif.,, Pavia, x1iu1, p. 23; Myxobo-
1ées Thélohan, 1892, Bull. Soc. philomat. Paris, 1v, pp. 173, 176.) :
Myzobolide, Bull. U. 8. I'ish Com. for 1891, x1, p. 413; Myobolea [Thél.]
Braun, 1893, Centralbl. f. Bakt, u. Parasitonkde, X1v, p. 739; ib.; Braun,
1894, Centralbl, f. Bakt. u, Parasitenkde, xv, p. 86.
Definition.—Phawnocystes, whose spores arc destitute of antero-pos-
terior, but possess bilateral, symmetry;? capsules 2, in 1 group at the
anterior' end; a bivalve shell, the plane of junction of whose valves is
parallel to the longitudinal plane; an iodinophile vacuole; type (and
only) genus Myxobolus.
1V. MYXOBOLUS Biitschli, 1882.

Etymology not given.

Bronn’s Thier-Reich, I, pl. 38, figs. 6-10, and of subsequent authors; ib., Lank-
estor, 1883, Encycl. Britan., 9 ed., X1X, p. 855; ib., Thélohan, 1890, Aunal.
de Microgr., 11, p. 213; Myxosporidium® Perugia, 1891, Boll. Scientif., Pavia,
xu1, p. 23; ib.,, Weltnor, 1892, Sitzgsber. Gesellsch. Naturf. Freunde
Berlin, p. 34; Myzosporidium, ibid., p. 35; Ayxobolus et Henncquyat Thélo-
hau, 1892, Bull, Soc. philomat. Paris, 1v, pp. 176, 177; Myxobolus, Perrier,
1893, Traité de Zool., p. 460; ib., Gurley, 1893, Bull. U. 8. Fish Com, for
1891, x1, pp. 411~13; ib., Braun, 1894, Centralbl. f. Bakt. u. Parasitenlkde,

XV, p. 86.

Definition.—Characters, those of the family.

Henneguya is separated from Myxobolus by only 2 characters, viz, (1st)
capsules constantly 2, and (2d) the presence of atail, Tnasmuch, how-
ever, as all the numerous typical Myzobolus species have 2 capsules, and
only 2 species are known to deviate in this respect in the direction of
capsule-reduction, the typical number of capsules in Myxobolus is 2; so
tbat the 2 differential characters in reality reduce to the single one of
the presence of a tail. This in itself is not snfficient to warrant a
generic separation, especially in view of the entire accord between the
tailed and untailed forms in regard to symmetry, similar position of the
valves, exactly similar vacuole, nuclei, etc. Besides, it way be noted
that it has been several times asserted that tailed and untailed forms
oceur in the same eyst. Thus Miiller,® Lieberkiihn,® and Biitschli?

1 Myzosporidinm Porugia (synonym for Myzobolus Biitschlif) proposed as typo
of ¥am. Myxosporidieax Perugia, by the author in Bull. U. S.TFish Com. for 1891,
X1, p. 413.

2Except species which have suffered reduction of characters (Myxvbolus unicapsu-
latus, M. piriformis, M. inequalis). Perhaps M. strongylurus should bo added.

3 Myxosporidium merlucii proposed by the author (Bull, U. 8. Fish Com. for 1891
(1893), xI1, p. 413) as the type species. The name Myxoesperidium, having been pro-
posed a8 & new name for a genus formed by the fusion of several good gonera each
of which already possessed a name in good standing, must be suppressed.

4 Henneguya psorospermica proposed as the generic typo Ly the author (Bull U.
8. Fish Com. for 1891 (1893), x1, p. 413).

5 See Myrobolus sp. 61, p. 240.

s Milller’s Archiv., 1851, p. 6; Mém. Cour. et Mém. Sav. Etrang. Acad. Roy. Belg,
1855, xx v, p. 37.

*Bronn’s Thier-Reich, 1882, 1, p. 697. This is probably only an opinion as to the
consensus, and not an independent one,
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have all asserted this condition. .1t is, however, almost impossible for
me to believe that a tailed species is ever (except of course from break-
age, and I have seen many spores deceptively broken) untailed or that
an untailed species is ever tailed. I do not recognize as true tails those
Dropesses evidently monstrous (as shown by their aspect, their great
rarity, their wide divergence from the typical forins, and the lack of
transitions thereto) which are very rarely observed in untailed species.
Thus I have seen among hundreds of spores of Mywobolus oblongus
Such a form. But that (and also those reported by others belong, I
Suspect, to the sawme category) should not be confounded with a true
tail. In other words, I believe the presence or the absence of a tail to
be a good specific character, but not a gencric one. Finally, even if the
above observations should be admitted to be accurate, might not the
conjunction be better explained on the supposition that the 2 forms
Wwere in the same tumor, but not necessarily (at least until proven) in
the same cyst, i. e, produced by the same myxosporidinm, Although
Such a close approximation of 2 different species in the same tumor has
ot been seen, Thélohan is authority for an equally close approxima-
tion of 2 different genera in the renal tubules of Gasterosteus aculeatus
and those of Pygostéeu.s pungitius. Finally, in this connection pp. 245, 246
should be consulted. I saw Weltner’s results long after writing the
above, and perhaps they may demand some modification of it.

Shell.—This structure is bivalve throughout the whole of the genus,
the valves being superior and inferior.

Ribhons («clastic ribbons” of Balbiani).—These curious and prob-
ably abnormal modifications of the ridge are found only in, and are
described under, Mywobolus ellipsoides (p- 228). .

Tail (see also pp. 245, 250, 254).—This structure 1s found only in some
Species of Myxobolus. 1t was first noted by Miiller, who says' that it
is merely a solid prolongation of the shell substance not couta?mn gany
extension of the body eavity. This is also, I believe, the view of its
8lructure entertained by all subsequent observers.

Balbiani regards tho tail as formed by the coaptation along the
median line of his “elastic ribbons?” (p. 223). The tail would thus
consist of 2 lateral halves. This view may be safely rejected, as, it the
tail is really composed of two halves, the latter must be superior
and inferior, and not right and left. The latter view of its structure-
(2 balves, superior and inferior) is taken by Thélohan,? who says that
the tail is composed of 2 halves (the respective superior and inferior
Positions of which are necessarily implied, since he says the bifurcation
always takes place in the longitudinal plane), whose occasional imper-
feet coaptation results in the bifurcate condition frequently observed.

Finally, since writing the above, I have been enabled, by the kind-
ness of Prof, Seth B. Mcek, to examine Myzobolus ¢f. linearis (p- 253), in

1 Miiller’s Archiv., 1841, p. 479.
s Annsl, de Microgr., 1890, 1, p. 206,
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which the composition of the tuil by the coaptation of a superior and
an inferior half is casily demonstrable. '

In at least one specics, however, this structure of the tail appears
not to obtain, In Myxobolus macrurus the structure in question scems
not to be a shell process at all, but an independent stracture with dit-
ferent optical and chemical properties.  Although at first inclined to
suspeet the existence of the two lateral pieces (without the median
piece; see p. 250) in the untailed forms, I was unable to detect any
trace of them, as iodine failed to scparate such a stracture.  l'urther,
1 was unable to prove the constancy of the indtial posterior divergence
of the valves which in JU. macrurus I suspected to be corrclated with
the described structure of the tail.

Sporoplasm.—Correlated with the typical number and position of the
capsules is the characteristic peltate shape assumed by the sporoplasm.
The shape and the topographic features of this structure are described
in detail under Myxobolus maerurus (p. 251).  The sporoplasmn coutains
nuelei, an iodinophile vacuole, and ¢ granules.”

Nuclei (sce also * granules” below).—These were first observed by
Thélohan. e describes! the condition as follows: A series of spores
properly stained shows some with 1 nucleus (frequently situated at ov
near the median cornua) and others with 2, 3, or 4 nuclei; everything
pointing to their origin by division from the single one. The subse-
quent ones appear to migrate at first outward and then backward.

Vacuole {iodinophile).—Although visible on some of Miiller’s figures,
Biitschliz was the first to direct attention to this structure. He
deseribed it as a uncleus, remarking that, though sometimes visible in
the fresh state, it beeame more distinet upon the addition of acetic acid
or iodine solution. He failed in his efforts to stain it, a result that he
attributed to failure of penctration through the shell of the staining
fluid.

In 1889 Thélohan® corrected this erroneous interpretation, showing
that the structure in question is a vacuole, Little differentiated in the
fresh state (on account of similar refrangibility) from the sporoplasm,
it becomes evident when the latter is coagulated by alcohol, acetic,
nitric, or osmic acids, or by silver nitrate solution (2 per cent)., Its
chief micro-chemical characteristic is its extreme resistance to nuclear
stains, which aftect all the surrounding parts.* lodine alone stains it
a brownish red, the remainder of the protoplasm taking a pale yellow
hue. The iodine reaction exactly resembles that exhibited by glyco-

t Annal. de Microgr., 1890, 11, p. 210.

2 Ztsehr. f. wiss, Zool., 1881, XXXV, p. 636.
3Compt. Rend. Acad. Sci. Paris, cIX, pp. 919-920.  For Perugia’s confirmation soe
M. merlucii, p. 243. :

1Biitschli, indeed, statos the contrary, butmy own results are throughout in accord
with those of Thélohan, us ure ulso those of Perugia (Boll. Scientif., Pavia, 1891, X1,

p. 24),
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genic matter. The vacuolic contents further resemble the latter in
being insoluble in alcohol. Spores kept in this liquid preserve their
reaction towards iodine. The vacuolic matter shows a further resem-
blance to glycogen in its solubility in alkalies. Acids modify it so that
after their action it no longer exhibits the iodine reaction. Thélohan
was never able to obtain the reduction of the cupro-potassium solution.

Pfeiffer! regards it as a nucleus, as does also Weltner.? .

My own observations are in entire accord with those of M. Thélohan.
The structure in question never colors with any staining reagents,
nuclear or plasmie. It stains (alcoholic specimens) with iodine, exactly
as stated by Thélohan, and is, I think, unquestionably a vacuole.

The vacuole is single, subglobular, usually central or subcentral,
differentiated negatively (unstained against a da'rk ground) by stfminjng
reagents, and positively (dark brown against a light gro%md.) by 10@1110.

Granules (“globules,” ete.j.—A$: late as 1884, I'le-lbla.m3 regarded
these as latent capsular germs, destined to develop into accessory cap-
sules at the period of reproduction. .

These granules appear to bo of three kinds:

1. “Globules ” present in fresh material. Those situated far forward
(usually found at the side of, and apparently connected with, the
capsule) were first observed by Biitschli* in_ Myzobolus miilleri, mfd
Subsequently by Thélohan?® in M. oviformis. 1 have also seen them in
M. macrurus. According to Thélohan, these are fatty, as they blacken
Strongly with osmic acid and dissolve in aleohol.

2. «Granules ” distributed #rregularly through the plasma are men-
tioned by Biitschli (Ige. cit.). ‘

3. The pericornual nuclei. The ¢ granules” forming this serics are 2
in number, minute, brilliant, subsymmetrically situated near both the
lateral cornua and the posterior extremity of the capsule. These bodies
were first noted Ly Miiller.! Subsequently (as above mentioned), Bal-
biani regarded them as capsular germs. )

In 1881 Biitschli described at some length the different appearances
Presented by these bodies in Myzobolus miilleri (p. 220).

! Die Protozoon als Krankleitserreger, 1891, 2 ed., p. 17.

3 Sitzungs-Bor. Ges. Naturf. Freunde Berlin, 1892, p. 32.

3Compt. Rend. Acad. Sci. Paris, 1863, LvIy, p. 160; L6c¢ons sur les Sporozoaires,
1884, p.144. In the latter place he says:

“One remarks in the cavity of the psorosperm other small corpuscles which appear
28 refringent globules to the number of 3 or 4, symmetrically disposed, often placed
at the base of tho twin vesicles. I have considored theso small globules as vesicles
Wwith a filament in & rudimentary state, destinoed to be developoed at the moment of
roproduction, for at this moment the psorosperm containg 3 or 4 vesiclos with fila-
ments, Biitschli has attacked this manner of view, nevertholess I bolieve I should
uaintain it.”

4 Ztschr. I. wiss. Zool., 1881, xxxv, p. 637, pl. 31, fig. 2,

% Annal. de Microgr., 1890, 11, p. 211, pl. 1, fig. 8,

8 See p. 240, pl. 28, fig. 6.

F 0—14
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Thélohan® was the first to recognize their nuclear nature. He first
believed them to belong to the sporoplasim, supposing them to be situ-
ated at its 2 antero-external angles (lateral cornua). Subsequently,
from a study of capsule development, he! regarded the bodies in ques-
tion as persistent embryonal nuclei, the remnants of such development.
He further expressed the belief that these nuclei could in some cases
become detached from the capsules and engulfed in the sporoplasm.

Pfeiffer? termsthem “safranophile corpuseles,” but does not comment
upon their nature, In Myxobolus macrurus I have studied these bodios
(which, from their position, may be termed pericornual nuclei) with
great care, and with the following results, which apply especially to
M., macrurus, but equally well to M. lintoni:

1. There can be no question whatever that they are nuclei, as they
take nuclear stains and show huclear structure.

2. Their presence or absence andheir position (at least in the fully
developed spore) appears coustant for the same species, As regards
constancy of position they contrast strongly with the third and fourth
nuclei.

3. The only question is as to their seat. It will be secn above that
they have been regarded as belonging to the capsule and also as
belonging to the sporoplasm. Asis implied by this difference of opinion,
their seat is by no means easy of determination, and, after much study,
I am as yet uncertain whether they are c'npsulcu‘ or sporoplasmxc.

Three appearances may sometimes be seen on the same specimen:
(a) They appear in one focus-plane almost certainly connected with the
infero-lateral cornu; or, (b) they appear almost as certainly attached
tothedrawn-out posterior end of the capsule; or, (¢) they appear discon-
nected from both and appear to be borne on a broad triangular spur
projecting inwards from the shell,

An interpretation which seems possible is that; each nucleus is
imbedded in the spovoplasm near the tip of the supero-lateral cornu,
whence it happens that optically its position almost exactly coincides
with that of the posterior end of the eapsule.

In some species (Myxobolus cf. linearis, M. transovalis) I failed to
find any bodies which on account of the constancy of their position,
etc., I could regard as the pericornual nuclei, and this absence appears
to be here as definite a specific character as does their presence in M.
macrurus and M. lintond,

34. Myxobolus unicapsulatus Gurley, 1893. PI. 13, fig. 1.
(Psorosporm of Labeo niloticus Miiller, 1841, Miiller's Archiv., p. 487, pl. 16, fig.
5§ a-d; ib. Robin, 1853, Hist. Nat. d. Végét. Parasites, p. 299, pl. 14, fig. 7.)
Myxrobolus unicapsulatus, Bull. U. S. Fish Com. for 1891, X1, p. 414; ib. of Lubro
[error] niloticus Braun, 1894, Centralbl. f, Bakt. u, Parasitenkde, xv, p. 86.
Cyst and myxosporidium unknown,

! Compt. Rond. Acad. Sci. Paris, 1889, c1x, pp. 920-1; ibid., 1892, cxv, p. 1097.
2Die Protozoen als Krankheitserrogor, 1891, 2 ed., p. 7.
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Spore.—Of the form and size of Chloromyxum dujardini. Capsule only
1, situated on one side of the anterior cnd, obliquely directed.

Habitat.—On Labeo niloticys from the Nile,

35. Myxobolus piriformis Thélohan, 1892. Plate 13, fig. 3 (pars), 4 (pars)!; pl. 18.
(Psorosperms of the tench (pars) Balbiani, 1883, Journ. de Microgr., Vi1, pp.
197198, fig. 66 b, ¢, ¥ d=f; ib. (pars) Balbiani, 1884, Lé¢ons sur les Sporo-
zoaives, pp. 125-6, fig. 470, ¢, ¥ d-f; pl. 4, figs. 1, 2, BA (pars)!, ¢ 3B,C;
?ib. (pars) Pfeiffer, 1890, Die Protozoen als Kranheitserreger, 1 ed., pp.

48,55, lig. 16; 2 ib. (pars) 1891, 2 od., p. 132, fig. 56. ..
Myxobolus piriformis, Bull. Soc. philomat. Paris, 1v, p. 177; ib., Gurley, 1893,
Bull. U. 8. I"ish Com. for 1891, x1, p. 414; ib., Braun, 1893, Centralbl. f,
Bakt. u. Parasitenkde, X1v, p. 739; <., Braun, 1834, Ceutralbl. f. Bakt. u.*

Parasitenkde, xv, p. 86.

Synonymy.—M. Théloban informs me (letter, 1893) that :

M. piriformis has very probably been seen by Remal, although his figures and his
duscript-ions do not prove it absolutely (pl. 5, fig. 5). Ile does not figure the polar
Capsnles, but his fignres almost certainly belong to tho species in quoestion.

Fig. 8 represonts 2 spores from the kidney * of the tench, which I do not know to
What species to approximate., The presence of 2 capsules soparates them from A,
Diriformis. The form of its spores and the small size of the capsules do not permit
of ity approximation to any of the forms that I have encountered.

The typical spore of M. piriformis contuins. but Z polar capsule. As in all specics,
ono can find monstrous spores which inclose 2 capsules, but they havoe seemed to me
Very rare. ‘This species is often accompanied, above all in the spleen of the tench,
by Az cllipsoides.  Almost all the spores with 2 capsules, reprosented by the authors,
belong, I believe, to the spores, more or loss monstrous, of this lust speeies.

Balbiani considered M. piriformis a degraded form of M. cllipsoides. I have beon
ablo to convinee myself that this mode of view is not correct. 1t is a species abso-
lutely distinet and well charactorized, as I have been able to dotormine by numorous
obsorvations.

After rcading the above, I restudied the synonymy as between this
Specios and M. brackycystis, and can not but feel that all of Remak’s
{igures are referable to 1 species, which probably is, as Thélohan thinks
and contrary to my former opinion,?® distinct from his A piriformis.
The following are the conclusions at which I have arrived:

(a) Remak’s figures are referable to 1 species. His fig. 8 (referred to
in the scecond paragraph of the above quotation) is not from the kiduney
but from the spleen. There appears to me to Le, especially in view of
Remak’s statements which tend to show that he considered the question
carefully, no ground for a separation between these 2 developed spores

!The figures in tho rows on Balbiani’s plate 1v, fig. 3, are numbered in order from
left to right, in the reproduction of it on pl. 13, fig. 3. The proper spocific rofor-
ences of somo of tho figures of groups 3 and 4, on that plate, are dubious. The fol-
lowing is about all that can be safoly said at present:

Indeterminate: Figs. 3 B, C; 4d-f. (either M. piriformis or M. cllipsoides).

Myxobolus piriformis: Figs.3 A, Nos.1,2,6; 4b, c.

Myxobolus cllipsoides: Figs. 3 A, Nos. 3, 4, 5, T (tho last with some certainty, the
Test probably, “abnormal” spores); da.

2Theso spores (Romak’s fig. 8) are from the spleen,

3 Bull. U. S. IFish Com. for 1891, X1, p. 409, second fuotnote, where it is statod that
1 Myzxobolus spocies possesses, perhaps inconstantly, a single capsule. At that time I
inclived to fuse AL. brachycystis with M. piriformis.
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of the spleen and the noncapsulate spores (developing spores; sporo-
blasts), also from the spleen, shown in Remak’s fig. 5. And, finally,
between the immature forms-of fig. 5 from, the spleen and the similarly
immature forms from the kidney represented in Remak’s fig. 7, specific
identity seems almost certain. Another argument which is especially
worthy of note is the fact that the spores represented in all 3 figures
are almost exactly the same size. Remak does mnot, it is true, state the
dimensions in the text, but on the plate he gives the multiplication
ratio for the figures, and calculations from careful measurements of them
show that all of them agree very closely. I thercfore think, with
Remak, that they are all one species.

(b) That species is distinct from M. piriformis. Amoung the 3 criteria
cited by Thélohan as distinguishing M. brachycystis from M. piriformis,
viz, spore-form, presence of 2 capsules and their small size, especial
emphasis should be laid upon the latter, that is upon the small capsular
index.

) Cyst and myxosporidium unknown,

Spore.—Pyriform; closely resembling a pumpkin sced; being flat-
tened-ovoid with a very acutely attenuated anterior extremity.
Length, 16 to 18 u; greatest breadth, 7 or 8 .

Habitat.—Branchie and spleen of Tinca tinca L.; kidney of Misgur-
nus fossilis. :
36. My=xobolus inequalis Gurley, 1893. PI. 13, fig. 2.

(Psorosperms of Pimelodus blochii Valenc., Miiller, 1841, Miiller’s Archiv., p.
487, pl. 16, fig. 6a, b; ib. Muller, 1843, Rayer's Archiv. do Méd. comp., pl. 9,
fig. 6; ib. Robin, 1853, Hist. Nat. des Végét. Parasites, p. 209, pl. 14, fig. 8.)

Myxobolus inequalis, Bull. U. 8. Fish Com. for 1891, x1, p. 414; Alyrobolus
inequalis [error] of Pimelodes [error] blochii, Braun, 1894, Centralbl, f.
Bakt. u. Parasitenkde, xv, p. 87.

Cyst and myxosporidium unknown.

Spore.—~Length, 11 u (0:0052//); breadth, 7 u (0-0033/"); capsules 2,
of unequal size. .

Habitat.—On Pimelodus clarias Bloch (= Stlurus clurias Valenc.)
from Guiana and Surinam.

37. Myxobolus brachycystis sp. nov. Pl, 14, figs. 1-3.
(Psorosperms of Tinoa chrysitis, Remak, 1832, Miiller's Archiv., pp. 141-146, pl. 5,

figs. 5, 7, 8.)

Compare carefully p. 211. Remak compares it (by reference to Miil-
ler's figures) to Chloromyxum dujardini.

Spore formation.—Pansporoblast: Oval vesicles usually situated on
the walls of the blood vessels of the kidney or spleen; either in connec-
tion with, or separate from, the pigment follicles; pansporoblast always
monosporogenetic. In the developing spores Remak not infrequently
missed the capsules, but comparison with developed forms which
occurred in other cases left no doubt as to their nature,

Spore.~—Pyriform, long drawn out.

Habitat,—Remak gives this as the pigment follicles of the spleen and
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of the kidney of Tinca tinca L. (tench). He further asserts that the samne
form is found on the branchie, but as he does not figure any spores
from the last seat it may perhaps bo a question whether the b ranchim
yield the present species in addition to M. piriformis.

In the kidney a 3-chambered pigment cyst was seen 27 u (&)
long, the end compartments of which were occupied by pigment and the
central ono by a pyriform spore.! The pigment-follicles of the spleen
almost always contain untailed psorosperms inconsiderable numbers,
lying without order between the pigment-holding cells. The pigment
follicles of the kidneys always contain the same species as that found
in the spleen and upon the gills (Remalk).

38. Myxobolus ? sp. incert. Pl 14, fig. 4.
Psorosperms of Cyprinus tinca, Lieberkiihn, 1854, Miiller’s Archiv., pp. 6,24,
353, pl. 2, figs. 21-27.
Tieberkiilin’s description is substantially as follows: .

Cyst imbedded in cornea immediately under the inner surfaco. Upon slight pres-
Rure very many spores, partly with and partly without tail-like appendages, and
wlhose shell was no longor smooth but wrinkled, and whose capsules were no longer
togethor but oceupied unusual positions, wore seen. Individual shells containoed
only 1, and others no capsule. A number of free ¢ nueclei” which had preserved the
elub-ghape of those within the spore also were scon. TFinally, very small diaphanous,
nongranular, amebiform corpuscles oceurred, which plainly, though slowly, moved
with blunt or sharp processes.

Habitat.—Encysted in cornea of Tinca tinca L. (tench).

Concerning these figures, Thélohan (letter to author, 1893) says that
they are not to be approximated to M. piriformis. Lieberkiihn’s fig. 21
would, he says, rather suggest Chloromyzum dujardini.

39, Myxobolus ? mugilis Perugia, 1891. Pl 14, figs. 5, 6.
My.xosporidium mugilis Porugia, Boll. Scientif,, Pavia, X111, pp. 23-24, plate, figs.
7,8; ib.,Weltner, 1892, Sitzungsber. Gesollsch. Naturf. Freunde Borlin, p. 35.
Myzxobolus mugilis Thélohan, 1892, Bull. Soc. philomat. Daris, 1v, p. 166; ib.,
Gurley, 1893, Bull. U. 8. IFish Com. for 1891, x1, p. 414; ib. Braun, 1894,
Centralbl. f. Bakt. u. Parasitonkde, XV, p. 87. .

Cyst membrane.—Having removed with care one of the cysts from
the branchim of M. capito, Perugia observed it to consist of 3 (others
contain 2) separated myxosporidia surrounded by a common investing
membrano evidently derived from the branchial lamella, which latter at
no point showed any solution of its continuity. From this he concluded
that the cyst is a production of the host. Some cysts contain 2 or 3
myxosporidia filled with spores, and with a residue of a very few' granu-
lations of protoplasm.

Myxosporidium not described.

Spore.—TFree; “without a proper membrane ” ?; length, 7.

Habitat.—Encysted in the branchial lamella of Mugil auratus and of
M. capito (gray mullets). Rare; found ouly twice in 300 Mugils.

' Remak here erroneously rofers to his fig. ba instead of fig. 7A. '
*From other similar expressions by the same author I interprot this to mean: ‘“No
Pansporobleast membrane,”
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Relative to its generic relations Perugia says:

This form might be referred to the genus Myxobolus, from which it seems to me
to difter only by « little. The difterent hosts and the forin of the spores ouly might
cause it to be regarded us a distinet species.

40 Myxobolus sp. incert. Pl 14, fig. 7.
(Psovsperm of Nais proboscidea, Lioberkiihn in Biitschli, 1882, Bronn’s Thier-
Reiely, 1, p. 590, pl. 38, fig. 23; ib., Thélohan, 1890, Anunal. de Microgr., 1L, .
193; ib. Pfciffer, 1890, Virchow’s Archiv. f. pathol. Anat. u. Physiol., ¢Xx1I,
p. 557; ib. Braun, 1893, Centralbl. f. Bakt. u. Parasitenkde, X1v, p. 739.)

No description. Its symmetry shows it to be a Myzobolus. Observed
by Licberkiihn, and communicated by him to Biitschli; published only
by the latter.!

Habitat—Nais proboscidea (a worm).

41 Myxobolue sp. incert. Pl 15, {igs. 1-G.
Psorosperms of Esox luciue, Lieberkiihn, 1853, Mém, Cour. et Mém, Sav, Ftrang.
Acad. Roy. Belg., xxv1, p. 37, pl. 10, figs. 10-12, pl. 11, figs. 1~4; ? ib. Biitschli
1882, Bronn’s Thicr-Reich, 1, pl. 38, fig. 11.
. Cyst.—Size 8 mm. (0-31 inch) by 4-25 mn. (0:17 inch); contents ¢ granu-
Iar matter” alone, spores alone, or both ¢ granular matter” and spores,
in variable proportion.

Myxosporidium unknown.

Spore.—Oval or circular, tailed or untailed; the 2 kinds often mixed
without order in the same c¢yst. .

Habitat.—~Cysts of branchiw of Lucius lucius .. (pike).

It is hard to know what to do with this form. In spite of his asser-
tion that tailed and untailed forms occur in the same cyst, Lieberkiithn
appears to figure only untailed forms. In view of this, and provision-
ally until sonme other observer shall confirm this observation, I prefer
to recognize this as a “form” distinct from the tailed one having
approximately the same habitat. (See also p. 256.)

42 WMy=xobolus oviformis Thélohan, 1892. Pl 14, fig. 8.

(“Mgyxosporidian spore (M. milleri Biitachli?)” of Cyprinus earpio and of
Gobio fluvialilis,* Thélohan, 1890, Annal, de Microgr., 11, pp. 200, 204, 209,
210, 211,213, pl. 1, figs.8-11; spore of C. carpio, Thélohan, 1890, Compt.
Rend, Auxd Sei. P.me, CIX, p. 921).

Myxobolus oviformis Théloban, Bull. Soc. philomat. Paris, 1v, p. 177; 1b , Gurley,
1893, Bull. U. 8. I'ish Com. for 1891, X1, p. 414 4b., Brann, 1893, (,cntxulb].
f. Bakt. u. Parasitenkde, x1v, p. 739; ib., Braun, 18‘.)4, Centralbl. 1, Bakt. u.
Parasitenkde, xv, p. 87.

Cyst and myxosporidinm not meutioned.

Spore.—Tlattened-ovoid, with notably attenuate anterior extremity;
length, 10 to 12 u; breadth, 8u; capsules relatively large (6u); nuclei
ad plur., 3; vacuole, present.

! Braun’s language is slightly ambiguous: “Line iiltere Notiz, von Lieberkiilin,
erwiilint” the occurreuce of Myzxosporidia in invertebrates.

2 An ambigunous expression of Lieberkiihn’s (Bull. Acad. Roy. Belg., 1854, xxI, pt-
2, pp. 22-23) may refer to an observation of a species upon the branchiswe of this fish.
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Habitat.—Common on fins (where the spores exist in great nombers
in the subeutaneous tissue) of Gobio gobio L. (gudgeon); branchiw of
same fish, of Cyprinus carpio L. (carp), and of Alburaus alburaus L.
43. Myxobolus ? c¢f. oviformis.

Psorosperms of Cyprinus carpio, Balbiani, 1883, Journ. de Microgr., viy, pp. 199-
2015 th,, Balbiani, 1884, Lé¢ons sar les Sporozeaires, pp. 128, 130, 131,

Jyst and myxosporidium not mentioned.

Spore—Length 18 p; breadth 12 4.

Huabitat.—On Cyprinus carpio L. (carp),

The dimensions differ so markedly from those of M. oviformis that
ou the present evidence 1 have not felt justified in fusing the 2 forms.
It is, however, worthy of note that the ratio between the dimensions is
the same as that in M. oviformis, and also that ¢ 18” may not impossibly
be an error for 8. M. Thélohan writes that he has never found in the
carp spores measuring 18 by 12 4, and suggests that these dimeunsions
may be an error.

44. Myxobolus sp. incert. Pl.15, fig. 7.

Cyprinus | Gobio fluvia-
brama, tilis [error)
* psoro- myxospo- | Date. Authority; roferonce.
sporing,” ridian spora
ote., of— of—
Cf. 1841 | Miiller, Miiller's Archiv., pp. 481-2,
X 1854 | Lieborkiihn, Miiller's Avchiv., p. 368, pl. 14, figa. 7, 8.
X 1879 Luackart, Dio Parasiten des Mensclien, p. 248, the. 688,
P 1882 | Biitschli, Bronn’s Thier-Roich, T, p. 600,
X 1882 Licherkithn in Bittschli, Bronn's Thier-Reich, T, pl. 38,
tig. 18a-c.

Leuckart, Tho Parasites of Man, 2 ed., p. 197, fig. 9913,
.. Koch, Enc\;'klop. d. gesammt, Thierhoilkdo u. Thior-
, | zucht, IV, p. 04, fig. 668, 2,3,

XX

Biitschli’s reference to Gobio fluviatilis is certainly an error. His
figs. 18 and 18¢ (loaned him by Lieberkiiln) are respectively copies of
Lieberkiihu’s figs. 7 and 8. That they are not merely independent
figures of specifically identical material can be seen from the identity
of the figure of the ever-varying amaboid (fig. 8, Licberkiihn; fig. 18¢,
Biitschli; see pl. 15, fig. 7¢). The question is, moreover, additionally
scttled by Prof. Biitschli’s statement that— ‘

Concorning the subsequent fate of the spore, only two observers, Licherkiihn and
Balbiani, have so far expressed opinfons. They agree that the spore-shell finally
separates, the protoplasmiccontents emerging as a small nctive amaboid body (18D, o).

Thus the 2 figures in question were copied. Further, Lieberkiihn
mentions a “ psorosperm” from the body cavity of Gobio fluviatilis (see
P. 243), and describes in detail his observations in that form upon
the separation of the valves and tho exit of the amaboid posterior
mass. Ile makes no mention, however, of any forms upon the branchim
of Gobio fluviatilis. The fact that Biitschli cites its habitat as the
branchiwe, with his statement that in this matter he is quoting, estab-
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lishes the conclusion that his reference to Golio fluviatilis was duo
to an erroneous correlation between Lieberkiiln’s text and Lieber-
kiihn’s figures. Finally, Biitschli’s fig. 18a appears to be the transverse
view of 180.

Concerning the relation between this forin and M. sp. 45, M. Th¢lo-
han (letter to author, 1893) says:

1t is impossible to say whother this figuro should be approximated to my Myxrobolus
of tho bream.

No description.

Habitat.—Branchie of Abramis brama 1. (bream).

45. My=xobolus sp. incert.
Myxobolus of bream, Thélohan, 1892, Bull. Soc. philomat. Paris, 1v, p. 178.

Cyst and myxosporidium not mentioned.

Spore.—Length, 8 u; breadth, 6 to 7 u,

Habitat.—Branchie of Abramis brama (bream),

Remarks.—Differs from M. miillert only in the smaller size of the

,spores. See also remarks on the preceding species.
46. Myxobolus miilleri Biitsclhli, 1882. Dls.16,17.

(Myxosporidian spores of Squalius cephalus, of Barbus fluriatilis, and of other
fresh-water Cyprinoids, Biitschli, 1881, Ztschr, f. wiss. Zool., XXXV, D-
630, footnote, pp. 630-8, 646-8, pl. 31, figs. 1-24.)

Myxobolus miilleri, Bronn’s Thier-Reich, 1, pp. 595-7, pl. 38, figs. 6-10; ib. Lan-
kester, 1883, Encyel. Britan., 9 ed., XIX, p. 863, fig. xviI, 40, 41; b,
Lounis, 1886, Synopsis d. Thierkde, 11, pp. 1137-8, figs. 1118-9; ib., Thélo-
han, 1892, Bull. Soc. philomat. Paris, 1v, pp. 166, 167, 178; ib., Gurley,
1893, Bull. U. 8. Fish. Com. for 1891, X1, p. 414; ib., Braun, 1893, Centralbl.
f. Bakt. u. Parasitenkde, x1v, p. 739; ib., Braun, 1894, Centralbl. f. Bakt.
u. Parasitenkde, Xv, p. 87.

Synonymy.~—Biitschli (1881) says the Myrosporidia investigated by
him came prineipally from the Cyprinoids, but that he could not give the
species of host exactly, as he investigated large numbers of excised
branchie. In part, however, these latter were derived from Squalius
cephalus and from Barbus fluviatilis. ITe further states that he was
unable to recognize any specific distinctions between the spores of the
series he examined. Biitschli’s type figures of 1882 are copies of his
figures of 1881. Tarcuthetically, also Lankester’s and Leunis’s are
copies of these. Of those who have studied the pathogenic muscle-
form of Barbus barbus (=fluviatilis), all admit its close similarity to, and
some assert its identity with, M. miilleri (sce p. 225). TFurther, Pfeiffer
states that in the Rhine basin, in which the ¢pidemic produced by the
muscle-form is very extensive, the branchie are free from Mywospori-
dia, a nonassociation that would seem to favor the idea of specific dis-
tinctness. So far, then, no direet comparison has been made between
the spores inhabiting the branchice of B. barbus and those inhabiting
the muscles of the same fish, In the meantime it is probable that
Leuciscus (squalius) cephalus L. should be regarded as, so to speak, the
type host of M. miilleri.
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C’:l/st.‘—Exclusively contined to the branchial lamellx, appearing by
re_ﬂected light as white pustules, usually elongate-oval, 2 to 3 i, long;
With greater development distending the flat branchial lamellee, On
closer examination of the freshest possible branchim, the cysts are seen
to‘ be neither extra-, nor intra-, but sub-epithelial, the blood vessels
of the mucosa running over their surfaces. Their seat is thus the
Submuconsg connective tissue layer which immediately surrounds the
8uDDOl‘ting central cartilaginous rod of the lamella, and whicl underlies
Cach ang separates both of the layers of mucous membrane, which
lf‘t.tel‘ form the opposite faces of the lamella and in which run, super-
1lcutlly, the afferent and effercut blood vessels and the capillaries of the
Mucosa. One can easily convinee himself of this situation of the
lnyxosporidium by external observation. One then remarks that the

Tansverse-running capillaries superficially girdle the myxosporidium.
A transverse section through the mass thus shows the supporting cen-
_tral cartilaginous rod girdled by the myxosporidium, and the latter in
18 turn surrounded by the vascular layer of the mucosa. If the myx-
O3poridium attain a greater growth, it naturally distends the lamell
Wore and more, and, since the transverse capillaries girdle the myxo-
8poridium ring-wise and oppose an obstacle to its expansion, the latter
Structure bulges out, sac-like, in the intervals between them, its whole
Outline Leing thus wmultilobate. Ifrom some further observations on
very large myxosporidia, Biitschli believes that finally, through the
Continued growth of the myxosporidium, the restraining capillaries

€come ruptured, which explains the blood extravasations observed by

Im in the superticial portions of large myxosporidia, the girdling
Capillaries in these cases being absent.

Membrane: By careful mavipulation the myxosporidium can some-
times be removed intact from its seat in the branchim. In both of the
tWo successful instances, Biitschli observed a distinet membrane which
Possessed special interest in differing from the type usual among the
Unicellular organisins and particularly from that found in the Gregarines.
Itis of a plasmatic nature, being composed of clear, very finely granular
Protoplasm, in which numerous small nuclei are imbedded. Neither
acetic acid nor staining reactions show any evidence of cell outlines.
The finely granular nuclei possess a distinct dark membrane, show a
Somewhat irregular outline, and stain intensely with alum carmine. It
18 difficult to determine with certainty whether this membrane is a
Production of the myxosporidium or of the tissues of the host. As
f’DDosing the former view (a view which, however, Biitschli considers as
I 1o wise excluded) is the fact that the nuclei of the membrane are
Somewhat Jarger than those found in the endoplasm,

! The description is Biitschli's. Ho calls it the myxosporidium, but it appears
from his description to be the eyst (which, however, is probably only a later stage
of growth of the imbedded myxosporidium). Pfeiifer orroneously states that these
Observations were made upon Peroa fluviatilis (Die Protozoen als Krankheitserreger,
2ed., 1891, p. 130).
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Myxosporidium.—Myxosporidium nsually showing no clear difieren-
tiation of ectoplasw and endoplasm except in thin sections, where certain
portions exhibit very plainly a tolerably thick, granule-free exterior
zoue, possessing a great interest on account of its very distinet fine
radiate striation. Eundoplasm thickly studded with very small but
distinct nuclei which in thin sections are, even in the fresh state, rather
plainly visible as faint roundish corpuscles, in which dilute acetic acid
differentiates a dark somewhat granulated membrane, a small dark
nucleolus, and, sometimes quite clearly, fine nuclear threads radiating
from the nucleolus to the membrane. This structure, together with
their intense affinity for stains, permits no doubt as to their nuclear
natuare.

Spore formation.'—This species never shows a paired spore-develpp-
ment, or a development within a pansporoblast (7; sce below), the
spores being directly imbedded in the endoplasm. These spores, how-
ever, show indications of a similarity in their development to the other

+ Myxosporidia in their origin from a trisegmented (‘ trinueleate”) plasma-
globule, 2 of whose segments develop the capsules and the third the
sporoplasm. '

Development of spore’—In the myxosporidium, inclosed in a delicate
membrane, a number of mature spores are seen, many things pointing
to their origin from the protoplasm. They always contain 3 pale,
almost spherical, but somewhat angular bodies. The membrane fre-
quently shows an excavation and an opening at one end. At this end
the 2 protocysts are situated, the protosporoplasm being remote theve-
from., IJurther observation shows the protosporoplasm to develop into
the sporoplasm of the mature spore and the two protocysts to give
origin to the capsules. The latter structures develop within the proto-
cysts, the filament appearing first in the extruded condition, apparently
forming a prolongation of the capsular wall.

Subsequently, in the light of his observations on the development of
Myzidium lieberkiihnii, Biitschli inclined to interpret thus: That the 3
spheres (viz, the 2 protocysts and the protosporoplasm) represent
not plasma-spheres but nuclei, the latter being, on this supposition,
imbedded in a plasma mass which he had failed to see, probably on
account of strong swelling and great transparency.

The observations of Balbiani and of Thélohan, however, render it
almost certain that Biitschli’s observations were accurate and that his
subsequent interpretation was erroneous (see also pp. 82,223). Upon
this view the present species would seem to develop pansporoblasts,
each with a single spore.

Spore.—Lenticular-oval, anterior end sharpened, showing quite plainly
a shallow fuunel-shaped depression; posterior end rounded off; dimen-
sions 10 to 12 u by 9 to 11 u. On vertical view, contour rather variable,

! Biitschli, 1882, Bronn's Thier-Reich, 1, p. 597.
3The description is Biltschli's (Ztschr. f. wiss. Zool., 1881, XXXV, pp. 646-8).
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often almost circular, anterior end only slightly attenuated, border of
suture exhibiting folds or erimpings varying in number from 7 to 9.

Shell: Substance dark and somewhat glittering, possessing a marked
resistance to chemical reagents; warmed with concentrated sulphuric
acid the valves fall apart; stronger heating effects their complete
destruction. Valves 2, superior and inferior, with a tolerably thick
ridge or welt along the border (line of junction), visible very plainly as
aridge on transverse view.

Capsule: Wall tolerably thick, glittering, inclosing a cavity occupied
by the coiled filament which appears paler than the wall; showing,
Wwith the normal extrasion of the filaments, a very noticeable diminu-
tion of volume, whence the conclusion that (as with the thread-cells
Proper) such extrusion is the result of the pressure of the strctched
elastic capsular walls. The capsules are destroyed by gently warming
with concentrated sulphuric acid. Filaments extruded under the
influence of potassium hydrate solution, glycerin, and especially con-
centrated sulphurie acid; also by mechanical pressure. The extrusion
produced by the last means is frequently abnormal and very irregular,
the filament being ejected ina more orless spiral form, or only incom-
DPletely, or sometimes through arupture in the capsular wall, either into
the shell cavity, or through the shell, or, in the last case, more probably
between the (by the pressure) partially loosened valves. Biitschli addsa
few interesting remarks to the effect that the capsules, so constant in
the Myrosporidiu, doubtless have some important and yet to be discov-
ered function.

Sporoplasm: Mostly very delicate, cloudy, granulated, nearly filling
the posterior portion of the shell cavity, projecting forward in the
median line and on the outer side of the capsules; this projection could
not be traced all the way around the capsules. Containing a variable
number of granules. Vacuole,' frequently quite plainly visible oven
in the fresh state as a circular or oval clear spot. It becomes more
prominent, however, after the addition of dilute acetic acid or iodine
solution and then shows a dark, somewhat granulated membrane and a
number of rathier pale granules strewn through the contents, resisting
all stains,? according to Biitschli sometimes invisible, a result that he
attributes to great condensation of the protoplasm. Some spores
appeared to possess 2 vaeuoles, but upon this point Biitschli was not
certain, )

This is Biitschli’s description of his “nuclons.”

2A circumstance explained (but erroncously) Ly Biitschli as being due to a failure
of the stain to permeate the shell, Hu says the nounstaining can not be taken as a
contraindication of the nueclear nature of the structure in question, as the protoplasm
algo resists tho stain. From my own experionco 1 should say that would depend on
the kind of stain used, plasmatic stains generally being, nuclear stuius generally not
being, retained.
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¢« Granules.”—Biitschli summarizes his results thus:

There are very constantly found in the protoplasm 2, or sowmetimes more, strongly
refractilo glittering granules of a roundish form. They are usually, though by no
means always, situated tolerably symmetrically, just at the posterior c¢nds of tho
polar capsules. No decided rogularity obtains either as regards the number ov
position of the granules, as they are sometimes placed farther forward between the
capsules, and sometimes are strewn entirely irregularly through the plasma.

I have also observed, with longer preservation of the spore in water, an appearance
which was not clearly intelligible, but which I will briefly describe. In spores so
preserved one sees after some time nothing more of the 2 dark grannles usually
present, but on the other hand one sces on each polar capsule posteriorly a dark
punctule which occupies nearly the same position as the above-mentioned granule.
It gives tho impression as though the dark granule had fused with the capsnlar mem-
brane and had developed into the punctule, I must, however, regard the interpreta-
tion mentioned as a mere conjecture.

Effects.—Invades the connective tissue and ovules of Phoxinus phoxi-
nus (Thélohan, 1892).

Habitat.—Branchie of various cyprinoids, particularly Leuciscus
(Squalius) cephalus L.; Barbus barbus 1. (barbel), both fide Biitschli.
Fins of L. cephalus; kiduey and ovary of Phoxinus phoxinus L., and on
Crenilabrus melops at Roscoff (Thélohan).

47. Myxobolus? sp. incert.

Psorosperm (second species) of Platystoma fasciatum Miiller, 1841, Miiller's
Archiv., p. 489.

Cyst and myxosporidium unknown,
Spore.—Oval, untailed; size equals that of M. sp. 61.
Habitat.—On branchial arches (especially at their angles where the
mucous membrane is soft) of Pseudoplatystoma fasciatum.
48. Myxobolus bicostatus Gurloy, 1893. PI.19, fig.1.
(My=xosporidian spore of Tinca vulgaris, Lieberkiibn iu Biitschli, 1882, Bronn’s
Thier-Reich, 1, pl. 38, fig. 19.)
Myxobolus bicostatus, Bull. U. 8. Fish Com. for 1891, X1, p. 414; ib. Braun, 1894,
Centralbl. f. Bakt. u. Parasitenkde, xv, p. 87.

No description.

Habitat.—Branchie of Tinca tinca L. (=vulgaris), tench.

This species is distinguished from M. ellipsoides by its larger capsular
index (0-50 as against 0-33 in M, ellipsoides) and by the 2 oblique ribs
on the shell,
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2-8; pl. 21, figs. 1,34, 5, (¥ 2,3a-¢c,¢c; ?94; ?pl 22 figs. 1-3).
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49. Myzobolus ellipsoides, Thélohan, 1892. Pl. 13, figs. 8, 4!; pls. 18,20; pl. 19, figs.

Tench Pike,
‘“psoro- | [Error] olli :
sperms” | “psoro- | oD | Dato. Authority; reference.
of, sapores | sperms” vs-
of, ete. of.
X 1863 | Balbiani, Compt. Rend.Acad. Sci. Paris, LVII, p.160.
X 1664 | DMbiani, Gaz. Méd., Paris, XIX, p. 146.
X 1874 | Moreau, Compt. Rend. Assoc. franc. Avano. Soi.,2¢
(Lyons) Sess., p. 814.
D, S P 1883 | Balbiani, Journ. de Microgr., VII, pp. 189, 201-2,
I 272-4,276-9, figs. 40, 61-3, 65a (see p. 211).
b S P 1884 | Balbiani, L.6gons sur los Sporozoaires, pp. 127-8, 130,
' 13740, 142-6, 148, figs. 36, 42-44, 46a; p).3, fig. §;
i pl. 4, figs.1-3 (pars; sce p. 211).
S FUUUUU ps | 1886 Rx;lilli’(;;, El6m. Zool. Méd. ot Agrio. Paris, pp. 167-8,
P S PO 887 Plhlgﬁ'ux': Ztschr. f. Hygione, III, p. 475, 6g. 2 e,if, 9.
X DI O | 1288 | Pfeiffer, Ztschr. f. Hygiene, IV, pp. 409, 417-20, fig.
! ! 15 a-e. B
{ X T i 1889 Henm;lguy, Diot. Encyclop. d. Sci. Méd., p. 776, figs.
2a-h.
x 1889 Tl;)%ohn.n, Compt. Rend. Acad. Soi. Paris, CIX, pp.
x 1890 Tlxéloh}ln, Annal. de Microxi'r., II, pp. 198, 2004,
207, 209, 210, pl. 1, figs. 2,3, 12-16.
X 1890 Th(slolgan, Compt. Rend. Acud. Sei. Paris, CXI,
. 805. )
X 1890 I’tltzlﬁ‘nr. Arch. f. pathol. Anat. u. Physiol., CXXII,
1pp. 658-8, 563.
X 1800 | Pfeiffer, Die Protozoon als Krankheitserreger, 1 od.,
lpp.u, 47, 48, figs. 14, 16 (part; all §).
X 1891 | Pfoitier, Dio Protozoen als Krankhoitserreger, 2 ed.,
1%7 130, 133-4, figs. 54, 66 (part; all 1?[.
.......... M)]'xub- 1892 | Thélohan, Bull. Soc. philomat. Paris, IV, p.177.
olus, 1
..do.... 1803 | Gurley, Bull. U.S. Fish Com. for 1891, XI, p.414.
..dv I 1803 | Braun, Ceutralbl. f. Bakt. u. I’nmsiwxﬁ{de, XV,
p. 739.
............. d0 ..... 1894 | Braun, Centralbl. f. Bakt. u. Parasitenkde, XVI,
| f p. 87,
i

Synonymy.—The number of known forms habitant on Tinca tinca is
large and their relations inter se are dubious. By the separation of M,
Diriformis, Thélohan has made a decided advance in the direction of
clearness. By its lanceolate shape, single capsule, and large capsular
index it is distinguished clearly from M. ellipsoides and from M. brachy-
eystis. It is probable that some of Pfeiffer’s degenerated forms should
receive a somewhat similar interpretation. His figurés are, however,
such that in the absence of more definite statements they can hardly be
placed. Ono of them (pl. 21, fig. 3d) would seem to belong to this
Species. The others are entirely indeterminate.

Cyst.—Thdélohan (1890, p. 203) saw cysts enlarge, become submucous,
distending the mucous membrane, which subsequently ruptured, per-.
mitting the cyst to shell out and fall into the water, where it burst
exactly as with the subcutaneous cysts of Gasterosteus aculeatus. Cysts
are found in the comparatively exposed parts, e. g., the subcutaneous
and intermuscular connective tissue and in the subepithelial tissue of
the branchise, being absent in the internal orgauns (air-bladder, ete.).

Myzosporidium.>—(a) In the air bladder: Two forms occur in the
air-bladder of the tench; the first very similar to that found in the

1Soe p. 211, footnote 1, and the oxplanations of the plates.
$'Thélohan, Annal. de Microgr., 1890, 11, pp. 201-2.
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urinary bladder of Lucius lucius, consisting of small free masses lining
the internal surface of the organ, the second consisting of drawn-out,
chain-like masses in the midst of the tissues of the organ. The second
he believes to be merely a more advanced stage of the first.  When the
parasite is only slightly developed its presence is recognizable only by
small opaque streaks in the otherwise transparent bladder, on opening
which the myxosporidium is found upon its internal surface. In other
cases smallwhite prominences ave found, presenting a transition between
the large mamuillated masses deseribed by Balbiani, and which can
attain 10 mm. in thickness. Sections show the myxosporidium intimately
united to the epithelium. The latter soon becomes broken up and the
plasmie chains insinuate themselves between the fibers of the connec-
tive tissue.

By serial sections one can follow progressively the march of the para-
site into the tissues. These last allow of separation and stretching of
the fasciie, such change being progressive and slow. Soon, however,
under the continuous pressure produced by the growth of the invading
mass, the fibers arrive at the limit of extensibility and finally rupture.
Thus are formed irregular spaces, in the middle of which one finds the
débris of the tissue of the organ, surrounded by the myxosporidia.
During. this time spores are formed. They finally alinost cutirely
replace the protoplasm. In other parts of the same mass carlier and
intermediate stages can be seen. In the air bladder, as in the kidney,
the distinction between the ectoplasm and endoplasmn is little evident
and, beyond the fact of the absence of nuclei from the cctoplasm, it is
difficult to find characters to separate these layers.

(b) Of the external surface, Balbiani! gives, as the results of his
investigations, the following account of the development:

Of all freshwuter fishes the tench is most frequently aflectod with Myrosporidia
and at all seasons. This, together with the transparency of the fins of the young,
renders it cspecially favorable for investigation. Balbiani frequeuntly observed
upon the fins, mingled with developed psorosperms, small ammboid bodies of very
variable size. These move like the most agile amwb:e (c. g., 4. diflucns), Y changes
of form occurring in less than 15 minutes; temperature bad great influence, heat
accelerating, cold rotarding. 7Tho pseudopodia were large and obtuse, the mass
appearing lobod, as in 4. difluens. Unless obscured by fat globules (numorous in
the later stages), the nuclcus is plainly visible, particularly at the time of the cxit
of tho mass from the spore. It is the nucleus of which Biitschli has proven tho
lexistence in the iuterior of the psorosperm (cf. p, 208). There is no contractilo
vacuole, and from this point of view theso bodies differ from the ordinavy amaoebiv.

While thus wandering over the fius, the small amwboid bodies absorb nutriment,
grow, show more or fewer futty globules, tend to take o rounded oval, or sometimes
irregular form with expansions and lobes, and to surround themselves with a thin
envelope casily visible in water. As the water penetrates the fin tissue, the ameboid
movemonts become more and more slow and finally cease. Independently of it8
thin proper membrane, tho small mass is encysted in the same manner as other
foreign bodies, by the connective tissue of the host.

!Journ. de Microgr., 1883, vi1, pp. 2724,
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Spore Jormation.—With the growth the number of nuolei increases Ly successive
Qivisiong! (many of which were seen to occur). Subsequently each nuclens con-
donges around it some of the myxoplasm, thns forming the pansporoblasts. These
8row, become elliptie, and the rudiments of the capsules appear in them, at first as
very pale, then us brilliant bodies. The mode of their development was not entirely
Satisfactorily ascortained. They usually develop 2 in each pansporoblast, some of
these gporoblasts containing 3 granular globules, 2 small aud 1 large, which prob-
ably develop respeetively intothe capsulesand the sporoplasm. Also incompletely
doveloped spores were soon inclosing slements believed to be capsules in process of
de\'elopment. These were: (1) Two spherical vesicles containing each a small cen-
tral globule placed in the substance of the spore remote from tho poles. (2) Two
Small similar vesiclos placed one beside the other at one pole. (3) T'wo pyriform
Vesicles with a small central globule, somotimes romote from each other, sometimnes
approximated to each other and sitnated at ono oxtremity of the spore. These vesi-
¢les were no doubt the small organs with spiral filaments. Their origin could
not be clearly doterminod. -

Spore.—Flattened-ellipsoid, rather elongate, the two ends similar;
length 12 to 15 45 breadth 9 to 11 zz; length of capsules 4 ; nuclei of
Capsulogenous membrane persisting to maturity- of spore; vacuole
Dresent; nuclei originating by continued division from a primitive one,
ot more than 4; when of this number, 2 are situated before and 2
behind the vacuole (Thélohan, pp. 209-210),

Degenerate forms [of this species %] from the gall bladder may have
3 capsules or none, and the bivalve character of the shell may be absent
(Pfeiffer).

Ribbons: Balbiani? has made some curious but dubions observations,
arriving at conclusions which by no means accord with the general
consensus of opinion. He describes an eclastie, ribbon-like process
(the 7ibbon) as existing along the border of each valve of the shell,
Stating that at the tiine of matarity of the spore (the only period at
Which such ribbons are visible, as at other periods they are closely
appressed to the valves) they become unrolled and recurved, such action
resulting in the splitting apart of the valves and the consequent release
of the amceboid sporoplasm. The ribbons divide at their distal
extremity into 2 or 3 »ibbonettes. These elastic structures he regards
as comparable to the cruciform elastic filaments (elaters) of the Lquise-
tum spore, remarking that in the Myxosporidia they serve a different
funection, their action here being valve-separation and not spore-disper-
8al. [le further says that these elastic ribbons have another function,
Viz, to maintain contact of 2 spores during what he regards as a state of

'From Balbiani’s langunage it is plain that he did not recoguize the vacuolic
nature of Biitschli's “nucleus.” Still e must bave seen nuclei (and not vacuoles)
in the lator myxosporidium stages, a8 he states that he repeatedly observed thom to
divide. Probably Thélohan’s observation of karyokinetio division (Compt. Rond.
Acad. Sci. Patis, 1890, cx1, p. 693) was upon M. ellipsoides, though it isnot distinctly
80 stated. Among other figures he suw a spindlo with an absolutely typical equa-
torial plate.

2Journ, de Microgr., 1883, vii, pp. 276-7: Lé¢ons sur les Sporozoaires, 1884, pp.
1424,
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conjugation. And still further, in some individuals the filaments
instead of lying along the borders of the valves, extend themselves in the
direction of the axis of the body, and, reuniting themselves for a variable
distance, copstitute the simple or double caudal prolongation that
Miiller and other observers describe as a specific character of certain
psorosperms. (See also p. 207.)

Concerning these, Biitschli! states that he could find no evidence
whatever of the existence of such ribbons, either in the whole spore or
in the separated valves. He seems to think that such ribbons are an
illusion due to an abnormal extrusion of the capsular filaments.

Thélohan’s observations sgem to throw some light upon this discrep-
ancy. This observer? says that he has never seen them except in the
present species. They are frequently absent, yet the spores split open
perfectly. Having found all possible transitions between the ribboned
spores and spores evidently monstrous and abnormal, he regards the
ribbons as structuyes, accidental rather than fundamental and neces-
sary to the development of the spore, '

Halitat.—Thélohan gives this as the branchiw, air bladder, liver,
intestine, and spleen (last fide letter to author, 1893) of Tinca tinca L.
(tench). Balbiani says the Myxosporidia are always confined to the
short anterior portion of the air bladder.

Speaking collectively of a poorly delineated and very probably multi.
specific group of forms, Pfeiffer says that perfectly developed forms
occur on the branchix and in the air bladder, this stage of development
being possibly connected with an abundance of oxygen. In the gall
bladder incompletely developed forms occeur, with 3, 1, or no capsules;
also entirely undeveloped forms, destitute of a bivalve shell, compara-
blo to the Microsporidia or to the pseudo-navicellee found in Lumbricus.
Transition forms to the Coccidia also occur. Tossibly (from Pteiffer’s
figurce) M. ellipsoides may also occur in the air bladder or gall bladder.

Effects.—The Myxosporidia do not confine themselves to existing
cavities. Thus, in the kidney of Tinca tinca, Thélohan (1890, p. 200)
has seen the tissue of the organ invaded while the tubes remained free
(sce also the above description of .changes produced in the structure
of the air bladder by the myxosporidium found in that organ).

50. My=obolus ? sp. incert. Pl. 22, fig. 4.
Psorosperms of Cyprinus leuciscus, Miillor, 1841, Miiller's Archiv., p.486; tb.,
Dujardin, 1845, Hist. Nat. des IHolminthes, p. 644; ib., Louckart, 1852,
Archiv. f. physiol. Heilkde, x1, p. 436, fig. 210, d; ib., Robin, 1853, Hist.
Nat. des Végét. Parasites, p. 299,

Synonymy.—This is little more than a collection of references to
spores found on ¢ Cyprinus leuciscus.” Robin’s mention is, Lowever,
certainly the same as Miiller’s.

Cyst and myxosporidium unknown. .

tZtschr. f. wiss. Zool., 1881, xxxv, p. 633; Bronn’s Thier-Reicl, 1882, 1, p. 598.
2 Compt Rond. Acad. Sci. Puris, 1889, cix, pp. 920-1,
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Spore.—Resembling Chloromyzum dujardini; 11 g (0-0051/") long
and 7 u (00034/’) broad.

Habitat.—On Leuciscus (Squalius) grislagine L. (= Oyprinus leuciscus).
Tumors less common than on Leuciscus rutilus.

It seems strange that Miiller should approximate this form to the
“gharp corpuscles of C. rutilus,”! as Levckart’s figure resembles much
more closely the elliptic form figured by Miiller (Miiller’s figs. f, g¢;
pl. 28, figs. 51, g).

51. Myxobolus sp. incert. Pl 22, figs. 5, 6; pls. 23-25.

Barbel
‘*psorosperms,’| miillerl.” Date. : Authority; reference.
ote., of—
b S OO 1885 | Mégnin, Bull. Soc. Zool. France, X, p]l); 351-2 (fig.);
C‘omyt.. Rond. Lebdom. Soc. Biol. Paris, II, pp.
446-7. y
X |ecesesceecenns 1888 | Railliet, Bull. et Mém. Soc. Centrale Méd. Veter.
Paris, IV, pp. 134-7.
................ Myxoboluat| 1888 | Ludwig, Jahresber. rhein. Fisch.-Ver. Bonn, 1888,
(pars). py. 27-36.
b S P 1880 | Rai ligtl.’, l;gll Soo. Central. d’Aquionlt. Paris, II,
X Jeeeeennenanenn 1890 let)s{)ffer. irchow's Archiv.f. pathol. Anat. u.Physlol.,
CXXIT, pp. 652, 557-8, pl. 12, figs. A2, C1-8.
. 1890 | Die Protozoen als Krankheitserreger, 1 ed., pp. 28-9,
55, 67, fig. 10, plate, figs. IV, V.
X 1801 | Pfeiffer, Die Protozoen als Krankheitserreger, 2 ed.,
pp. 100, 105-10, 130, tigs. 43b, 45, 57.
X 1892 | Thélohan, Bull. Soc. philomat. Paris, IV, pp. 168, 178,
X 18902 Houéxeguy and Thélohan, Annal. de Microgr.,IV, p.
618.
b S PO 1893 | Thélohan, Compt. Rend. hebdom. Soc. Blol. Paris,
V, pp. 267-70.
X weeeees oe--..| 1893 | Pfeifer, Contralbl. f. Bakt.u. Parasitenkde, XIV, pp.
118-130, plate, llis. 13-15, 16 (pars).
X 1893 Sti‘?llc?{,Archiv f. Animal. Nabrungsmittelkde Wien,
, p. 124,
Myxobolus. 1898 | Railliot, Traité de Zool. Méd. et Agric., pp. 158-159.

* Non Biitschli.

t Ludwig's figures scem as though they mgight be generalizod composites based upon several of
Biitschli's. 71'hey may thus perhaps be not independent figures of the spore habitant in the skin of
B. barbus, but have been constdered to reprosent that form in view of its supposed identity with M.

miillert,

Synonymy.—Both Mégnin and Ludwig, the former with doubt, the
latter apparently without hesitation, regard this form as identical with
M. miilleri. While admitting their superior advantages (of direct
observation of material) I still feel considerable doubt as to the iden-
tity of these 2 forms, and have therefore provisionally classed them
separately, as, while I do not consider that there is sufficient groind
for a positive assertion of the distinctness of the two forms, there is
certainly sufficient to justify a hesitation as to their fusion.

Mégnin says the present species is probably the same as that described
by Robin and Balbiani asinfesting the tench and carp. Now as to this:
(1) I am not aware that Robin ever observed such a form, and (2) the
spore habitant on the tench (M. ellipsoides) is, as shown by Thélohan,?
unquestionably distinct from that habitant on the carp (M. oviformis).

1% Bei C. leuciscus glichen sie ganz den spitzen Korperchen des C. rutilus,”
$ Annal. de Microgr., 1890, 11, p. 210,
P 0—-16
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Further, Mégnin’s figures would not by themselves induce me to fuse
the two forms.

Besides, after considerable study of Ludwig’s description, I am unable
to decide how much ot it represents his own observations and how much
is copy of Biitschli’sdescription of A, miilleri. 1t seems tobe part original
and part copy, but how much of each it is impossible to determine.
It would seem as though Ludwig first determined in his own mind the
specific identity of the present form (M. sp. 51) with A, miilleri and then
applied to the former (A, sp. 51) Biitschli’s description of 1. miilleri, at
the same time incorporating therewith certain observations, e. g., the
dimensions of the spore which must be his own (made upon M. sp. 51)
inasmuch as they are not, to my knowledge, to be found in any previous
description of M. miilleri. My reason for this view of the subject is
Ludwig’s statement that—

I can only coufirm Biitschli’s results upon the finer structure of Ayxobolus.

« Further, his figures bear some indication of being semidiagrammatic
generalized composites of several of Biitschli’s figures of M. miilleri.
And still further his description (except the few additions) is Biitschli’s.
This course has rendered it impossible for me to distinguish how much
of the composite description represents Ludwig’s actual observations
on M. sp. 51 and how much of it merely pertains to M. miilleri generally,
and is regarded as applying to AL sp. 51, by virtue of its supposed
identity with M. miilleri. Under these circumstances I have credited
to M. sp. 51 only the minimum (viz, the residual after subtracting from
the composite, Biitschli’s description of M. miillerd); as, though this
residual may be incomplete for 3L, sp. 51,it is all that can be positively
asserted to belong to that species.

Pfeiffer’s figures (pl. 25, figs. 5, 6) approximate the present forin much
more closely to M, ellipsoides than to M. miillers.

Finally, Thélohan says that the present species—

Presents a great resemblance to M. miilleri; perbaps it should, howover, be con-
sidered as specifically distinct.

Cyst—Membrane thin, probably formed by host. Contents clear
living protoplasm, in which are imbedded very fine dark granules, very
small nuclei corresponding to those of true cells, and spores (Ludwig).

Composed of an irregularly concentric-fibered layer inclosing a second -
double-contoured layer, which latter surrounds the cyst cavity filled
with spores. The large white, stout-walled, walnut-sized, or smaller
muscle cysts are situated near the skin or pleura; 30, 40, or more
myxosporidia oc¢cur near together, surrouunded by a loose web
formed by the host. Each myxosporidium is to be regarded as an
individual, and the multicamerate tubes result from the common encap-
suling by the host of many such individuals of nearly equal age, which
individuals subsequently, he thinks (from sarcosporidian analogy, etc.)
fuse, the process recalling the so-called conjugation of the large free-
living intestinal Gregarines (Pfeiffer).
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Myxosporidium.'—Pfeiffer has seen the exit of the sporoplasm. He
did not have the opportunity to cultivate the spores via the over-
hanging drop, but says such cultivation would be easy and would show
the stage at which infection occurs. He did not actually see the
myxosporidium penetrate the muscle cell, but he has found within that
cell all growth-stages of the myxosporidium. The elongate myxo-
sporidia often show, in their center, pansporoblasts containing well-
developed spores, while at the ends these structures are smaller and
contain only 1, 2, 4, or more nuclei. This proves that, as in the Sarco-
sporidia (also with the tubes of Sygnathus and, fide Thélohan, with those
of Cottus scorpio), growth takes place at the ends of the tubes. Have
these younger developmental stages originated from germs from the
interior of the large tube, do they proceed from residual germs of the
first multiple infection, or do they develop from newly immigrated
germs? A positive answer can not yet be given,butinthe barbel Pfeiffer
regards the second mode (viz, a supplementary outgrowth from the
germs which penetrated en masse in the first infection) as the more
probable. In the myxosporidium tubes germs migrate from the center
to the circumference, where they find better food conditions and through
progressive division become new pansporoblasts (Sporenkugeln). The
center of the cyst is also empty in the cysts of the sheep, those of
the tench’s air bladder, and that of the kangaroo’s intestine. When
the myxosporidia have attained a certain size,they are found free in
the interstices of the muscular fiber. When crowded, they fuse to an
irregular mass; only at the edges are some unfused myxosporidia to be
seen. Ilwmatoidin crystals ave found in the myxosporidium.

Spore formation.—This appears in the smallest circular cysts with 16
to 20 germs; also in uniloculate clongate cysts thickly filled with 100
t0 200 germs. In places large granule cells are imbedded in the muscu-
larfiber. At another ($later) stage the dancing granules have vanished
and the contents of the cells have separated with 10 to 20 or more pale
globules one-third the size of the ripe germs. Also some fibrille show
in their interior well-developed spores, with capsules and nuclei, single
or in rank and file (?accident; ¢ pressure on cover-glass). The possi-
bility of these must be admitted, yet the contents of the capsules
appeared to have been voided.

Spore—Lenticular or oval; length 12 u, breadth 10 y, thickness 6 u
(Ludwig); bivalve, shell cavity containing sporoplasm and 2 eapsules,
the latter extruding filaments under the influence of potassium hydrate
(Mégnin); by glycerin (Pfeiffer).

Have the Myxosporidia rosting spores? Mega-, a,nd micro-spores
(differing only in size) occur; also defective spores with 1 capsule,
with caudiform appendages, or with a subrotund form (Pfeiffer).

Habitat.—Encysted and free in muscles, mostly of belly and sides of
body (never elsewhere, the liver, spleen, ovary, eggs, and gills being

¢ Description, Pfeiffer’s (loo. cit., 2 od., 1891, p 106).
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free) of Barbus barbus L. (barbel) from the Rhine, Mosel, and Saar,
the barbels of the Elbe and Weser territory being free from them
(Pfeiffer). Also once in heart cavity (Ludwig). In barbels from the
Marne, probably also from the Aisne and Seine (Railliet). Balbiani
~ failed to find “ adult psorosperms” in the viscera in Mégnin’s material
(Mégnin).

Liver, kidney, spleen, connective tissue of various organs; found in
ovary by Balbiani.! In one case the myxosporidia and spores wero
lodged in a sort of cavity in the connective tissue of the intestinal wall
10 em. from the anus. They produced a very conspicuous thickening,
almost completely obliterating the lumen.

Pathology.—Tumors:* A badly infected barbel showed about 40
tumors; fully 10 per cent of all the muscular fibers were filled with
spores. This condition must have resulted from auto-infection. The
tumors may soften to an irregular stinking abscess containing spores,
wandering cells, and the large bacilli (Pfeiffer; see below under Ulcers).
* Tumors, usually 10 to 15, ranging in size from a nut to a hen’s egg,
with a very resistant wall 1 to 1-5 mm. thick; hemispherical or slightly
elongate; sometimes uniting into patches 17 to 20 mm. long by 7or8
mm. broad in fishes of 2:5 kilos (about 5 pounds) weight. Scales over
tumor raised, easily detachable, finally falling off. Not all tumors open,
some fishes dying before the ulcer stage.

Some fishes die without external tumors, these being found located
in the viscera (Meuse; Railliet). Uusually of walnut size; sometimes,
however, 50 mm. long and 20 mm. thick, single or multiple, usually on
belly or sides; filled with a yellow or caseous purulent mass (Mosel,
Saar; fide Ludwig).

! Fide Thélohan (Annal. de Microgr., 1890, 11, p. 200; Compt. Rend. hebdom. Soc. Biol.
Paris, 1893, v, p. 268) who refers to Balbiani’s Légons sur ler Sporozoaires. The only
page of the last work to which the reference could apply is p. 147, and as M. T'hélo-
han says (letter to author, 1893), Balbiani is there not at all ‘explicit,

*The following notes of four cases are from Ludwig. The fish were taken alive from
the Mosel above Trier, died en route, and were examined the noxt day:

1. 2 30 cm. long; on left side just above ventral fin & tumor 50 mum. long, 40 mm.
broad, and 30 mm. thick, extending above lateral line; skin and omentum in neigh-
borhood of tumor normal. '

2. Q 47 cm. long; two tumors: (a) on right side above ventral fin, under trunk
muscles (which latter were, around the tumor, reddened), 45 mm. long, 35 mm, broad,
and 15 mm. thick; covered by normal skin. Tumor so extended into body cavity as
to have driven the omentum hernia-like hefore it. (b) On left side in front of
pelvic bone, length 50 mm., breadth 15 mm.; already opened; orifice 10 mm. in
diameter with an irregular strongly reddened border, surrounded by reddened skin.
Cavity of ulcer filled wish bloody mucus, which, apart from the admixture ofblood,
agreed with the tumor contents.

3. @ 44 cm. long; on loft side at level of lateral line, between ventral and anal
fing, a tumor 25 mm. long, 12 mm, broad, and 12 wm. thick; heart cavity filled with
same substance as tumor contents,

4. & 30 cm. long; in front of left ventral fin 2 tumor 35 mm. long, 25 mm. broad,
and 25 mm. thick, projecting butlittle externally, but greatly into abdominal cavity.
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Opening of the tumors: The active agents in the puriform transfor-
mation and opening of the tumor are the bacilli first observed by Pfeif-
ferin the ulcer contents. These are only found in the myxosporidian-
infected muscles, never in other organs. The presence of these microbes
either prevents connective tissue proliferation entirely, or prevents it
from becoming complete, the tissue undergoing gangrene (a digestion-
liquefaction, so to speak), which soon results in the destruction of the
overlying tissues.

Subsequently the bacilli were studied by Théloban (see synonymy,
1893) who observed two kinds of them:

1. Bacilli: Large, motile, as long as the spores, showing with hsamn.toxylm 4orb
red granules, and a short flagellum; frequently several cohere by their surfaces;
also long separated threads occur (Pfeiffer, 1891, p. 105).

Length 6 1; sometimes isolated, sometimes in linear colonies, no motion seen; rap-
idly liquefying gelatin upon which it gives large, slightly yellowish-white colomes,
in rabbits provoking a small, very limited abscess; staining eusily with methylen
blue, gentian violet, fuchsin, ete. (Thélohan, 1893).

2. Cocci: More rarely, sometimes with last, sometimes alone, another species
consisting of Cocci isolated or united under the form of Streptococei or Diplococci
occurs,

Ulcers: The tumors subsequently soften and burst, forming deep
crateriform bloody-bordered ulcers filled with a yellowish purulent
mass consisting of spores and of cell detritus. Among the latter large
bacilli crawl.

Cell infection: The primary seat of infection is the interior of the
muscle cell. Myxosporidia are found within well-preserved (distinctly
transverse-striate) or markedly atrophied muscular fibrilla; also be-
tween healthy fibrillee. Atrophied muscle-cells are seen containing long
rows of well-developed spores, which, on account of the absence of
filaments within the capsules, Pfeiffer inclines to believe have reached
their present position by a general immigration. In places the fibrillee
are beaded. such muscle bead-strings being ordinarily heaped near

together in the neighborhood of the hard cysts. Around the cysts the
muscular tissue is infiltrated with blood, the infiltration, where super-
ficial, being visible through the skin. \Ie'mr the ulcers the muscular
substance is broken up, loosened, fatty-degenerated, and contains blood-
colored tubes with numerous myxospomdla not yet encapsuled and also
well-developed spores.

Thélohan! says:

In the ovary they are very froequently encountered. M. Balbiani has studied
them in the ovary of the barbel and he has scen that the psorospermio matter does
not counfine itself to traveling via the connective tissue, but often invades the young
ovules.

Pathological anatomy.>—The presence of tho parasite in the primitive
muscle fiber seems to lead rapidly to degeneration. On examining

! Annal, de Microgr., 1890, 11, p. 200.
_ %Description Thélohan’s (Compt. Rend. hobdom. Soc. Biol. Paris, 1893, v, pp.
267-270).
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fragients in the fresh state, fibers are seen, which, in places, have pre-
served their normal aspect and their striation, and at other points more
or less considerable spaces, where the musculaf substance is filled with
a vitreous refringent mass, around and in the intervals of which lie
fattydroi)lets, yellowish granules, and spores. The degencration invades
gradually the muscular substance of the primitive fibers, and one finds
it in parts of these elements, where the parasite appears not to have
penetrated. Oun the contrary, the neighboring, noninfested, primitive
fibers seem exempt from that alteration, and one frequently observes a
degenerated fiber surrounded by healthy ones.

The fiber thus degenerated and broken up, is soon iuvaded by pba-
gocytal cells coming, some from the sarcolemma, others from the con-
nective tissue. This latter, at the diseased points, is the seat of avery
marked irritative proliferation.

It is necessary to distinguish, in the degenerated fiber, the parts
where spores are found in great number, and those where these elements
are few or absent, the degenerative process in the latter case having
originated from the presence of the parasite at a different point.

In this latter casc the cells which have penetrated into the degen-
erated tissne multiply rapidly; in proportion as their namber augments,
one sees the muscular débris diminish; very soon they have completely
disappeared, the place of the fiber being finally occupied by connective
tissue. While these phenomena oceur, the irritation is propagated, the
connective-tissue proliferation extends itself, and a sclerosis of the
neighboring muscle region, with atrophy of the primitive fibers, is pro-
duced.

At the points where the degencrated fiber incloses a great number
of spores, the formation of connective tissue is at first limited to a
thickening of the perimysium. There are thus formed connective-tissue
bridges, separating the spaces occupied by the spores, and which
correspond to disappeared primitive fibers. These facts are seen
especially clearly on transverse sections. Little by little these bridges
increase in thickness, at the same time their tissue becomes more dense ;
they thus form-around each space a fibrous shell, which tends to con-
tract more and more. There seems to be here a true encystment of
the parasite, such as is produced around foreign bodies introduced into
the tissues.

Symptoms.—Barbels attacked are less lively than usual and have
much difficulty in ascending streams; surface of body, dull, grayish
yellow, oily, slippery (Meuse; Railliet).

Less lively than usual, easily caught in the hand, breasting the cur-
rent with difliculty, avoiding rapid water (their usual haunt), taken in
great numbers in bow-nets. Some affirm, others deny, that the sick
fish will not bite at the hook. Diseased fish are of all sizes. Those
seriously affected are of a weight much below that indicated by their
external appearance, the body being in fact more or less dilated. On
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this account the fishermen often estimate the weight at nearly double
the actual (Railliet.)

According to Vet. Surg. Hanzo, the affected fishes float on the surface
as though poisoned with Cocculus indicus.

Epidemics.—In the Meuse it has manifested itself with the characters
of a veritable epidemic during three consecutive years, from 1883 to
1885, inclusive. It became progressively more aggravated, reaching
its maximum of intensity towards,the middle of 1885, On certain days
of that year M. Liadague had interred nearly 100 kilograms of barbels;
the Meuse was covered with dead fish., The disease subsided little by
little, and actually appeared to become extincet, but it could almost be
said that the combat closed for want of combatants.

In the district of Ardennes it was remarked only in the Meuso itself;
all the affiuents have always been spared. The maximum intensity,
according to Railliet, was reached about the middle of 1884, On certain
days, at Mézieres alone, as many as 100 kilos (about 200 pounds) were
interred. Some years later the disease had disappeared from that
region, but raged down stream at Monthermé and Givet.

_ In the neighborhood of Nancy the barbels die in great nwmbers
(Mégnin).

In the Aisune Railliet was informed of ravages of the disease occur-
ring near Rethel. The disease, he thinks, extended to the Aisne and
the Marne from the Moselle via the canals.

In the Marne a considerable number of barbels floated dead or unable
to escape, down the lower Marne. The disease appears to have begun
(at least in the ncighborhood of Charenton) about June 15; thence it
progressively inereased, attaining its maximum at the time of emptying
of the St. Maurice Canal. It persisted till the end of July, at which
date Railliet’s information ceased.

In the Seine it did not extend above the Port a 'Anglais dam. The
Grenelle fishermen, Railliet was informed, had seen a great number of
sick barbels. The Seine thus appears invaded, without doubt consecu-
tively, from the Marne.

In the Rhine and its tributaries, the Saar and Mosel, according to
Ludwig, it seems to have appeared at least several decades ago without,
however, ever having attained the magnitude that it has reached in
late years in the Mosel. Thedisease has there been observed since the
end of 1870 and has so increased that, especially in the warm summer
months, the dying and dead fish from the upper Mosel and Saar pass
* Trier by the bundreds, and at Zell (on the Mosel) it is reported that they
spread a carrion-like odor. According to Pfeiffer, in the Saar and Mosel
during the summer of 1890 no very extensive mortality occurred.

Contributory causes.—AS regards age as a predisposing factor, Railliet
obaserves that in the Meuse the young barbels are attacked as well as
the old, the weights of dead fish varying .from 22 grams to 6 or 7
kilograms,
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In the 3 German streams Treplin! believes 3 series of cases to be dis-
tinguishable: (1) Mostly small fish (up t0100 grams), still well nourished,
with only individual, or withoutrecognizable, indurated patches, and
which present in the abdominal region, at most, 1 hard tumor. (2)
Somewhat larger fish (up to 200 grams), which almost always show in
several places on their sides hard, somewhat swollen, patches; also
tumors similar to those on the smaller fishes, mostly on the abdominal
region. These fishes already begin, to emaciate. (3) Fishes of and
above the preceding weights, showing on the sides, belly, or back large
ulcers, mostly lying immediately under the skin. A part of the same
is already broken up; borders foul and red; interior containing a yellow
pus. The fishes have emnaciated greatly, and die.

Season, Railliet thinks, appears to have no influence, fish being seen
dead in midwinter as well as in June, July, and August.

Pollution of streawns Railliet considers a minor factor, saying:

Thediversion into the Mouse of manufactory refuse is often blamed for the existence
of this condition of affairs, but the investigations of M. Ladague tend to incriminate
rather the erection of dams at certain points on the river, these structures diminish-
ing the rapidity of current, in the midst of which the barbel ordinarily lives.

Treplin! believed that the young barbels receive the germ from
refuse deposits of industrial establishments (breweries, malt houses,
tanneries, distilleries, etc.) on the headwater of the Saar and Mosel;
and, further, that these germs enter by the alimentary canal, passing
thence into the rest of the body, and first make their exit therefrom
(via the ulcers) in the second or third year. Herr Hanzo,? on the
contrary, considers the cloth and paper mills as chiefly responsible, as
these establishments handle old rags which are, he says, saturated with
infective material.

Of the views of Treplin and Hanzo, Ludwig considers that of Treplin
to have the greater degree of probability. Both, however, he remarks,
consist only of opinions and probabilities, and further leave out of sight
other sources of contamination. While no sufficient evidence exists for
holding pollution of water by different industrial establishinents respon-
sible for barbel myxosporidiosis, an indirect connection between such
water pollution and the disease is by no means to be entirely rejected.
It is very easily possible that such pollution may favor myxosporidian
increase and development, and especially that it may, by injuriously
affecting the general life conditions, diminish the normnal resistive
power of the fish, thus rendering infection more easy. This view ex-
plains the fact (fide the fishermen) that the barbels at Bonn recover,
while they die in the Saar and Mosel, in which latter streams pollution
must, on account of the smaller volume of water, affect the fish more
injuriously.

M. Braun® places less stress upon fouling of the water, as once

) In Ludwig, Jahresber. rhein. Fisch.-Veroins, Boun, 1888, p. 34.

$In Ludwig, loc. oit., pp. 34, 35.
3Review of Ludwig in Centralbl. f. Bakt. u. Parasitenkde, 1889, v, p. 420.
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healthy whitefish sickened from introduction into water in which a
Whitefish affected with myxosporidiosis had died, and as the same dis-
€ase is not rare upon Coregonus from lakes Peipus and Ladoga.

Erciting causes.—This may be safely assumed to be the presence and
d‘eVelopment of the myxosporidia. Pfeiffer,! from numerous exami-
Dations, states that these latter are always present in barbels from the
Rhine, Mosel, and Saar, becoming pathogenic ouly at irregualar inter-
Vals, probably when other causes so diminish fish vitality that the
Teactive encapsuling of the parasite is no longer possible. The latter
then obtains the supremacy, and through the accompanying bacteria
rapid death of the fish may result. : :

Mégnin’s opinion is as follows:

Mode of infection.—One now understands how the fish become infected; the psoro-
8perms which escape from the ulcers are ingested with the water during deglutition
Or respirution; under the form of an amwmboid they enter the circulatory current,
then urrive in the subcutancous cellular tissue, which is their seat of election, where
they undergo their last transformations.

Upon this subject Ludwig remarks that—

The greater frequency of occurrence upon the branchim suggests that infection
Occurs less through the alimentary canal than through the respiratory tract. Tho

Ymph paths of the connective tissue appear to represent the principal channols by
Which the parasite spreads through the body, but nothing certain is known.?

The infection of previously Lealthy fishes is brought about, Pfeiffér
Temarks, through the extensive fouling of the water by the numerous
fisy corpses, and the durable construction of the spores. Infection may
then take place via the stomach, gills, or wounds. The last are of fre-
Quent occurrence in the spring at the time of breaking up of the ice.

Remedies proposed.—*“How, now, to arrest the epidemic? It is diffi-
cult. Isee no other method than to collect all the dead or sick fishes
and destroy them by fire” (Mégnin).

Ludwig thinks that our ignorance of the complete life-history of the
Daragite, and especially of the way in which it secures a lodgment in
the fish, precludes rational radical measures and permits us only to
adopt certain prophylactic makeshifts. With reference to myxospo-
l’idiosis, as also for a number of other reasons, the waters, especially the
Saar and Mosel, should be maintained in the highest state of purity,
and to that end all pollution of the rivers mentioned, by communities
Or industrial establishments, should be interdicted. That most dan-
gerous contamination of the water, by the Myzosporidia from the ulcers,
tannot, of course, be stopped entirely, but it is evident that it will be
less if all fishermen are impressed with the importance of destroying?
all diseased and dead fish, instead of throwing them back into the
Water. Such destruction must be so effected as to prevent the reéntry
of the germs into the water. :

—~— T

' Die Protozoen als Krankheitserreger, 1890, 1 ed., p. 67; 2 ed., 1891, p. 110,
*No actual observations are cited in support of this lymph-path theory.
3 Pfeiffer (loo. oit., 1 ed., 1890, p. 87) quotes Ludwig as recommending that they be
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Railliet (loc. cit., 1890) further says that every one up to the present
appears to be in accord as to the means of combating the disease.
It is, above all, expedient to collect the diseased fish and to bury them
at a certain depth and at a great distance from the water course. This
is what was done on the Meuse and one has just seen that this course
succeeded sufficiently well, Thus at the end of some years the disease
appears to have left no traces. ThusRailliet saw taken, even at Mézitres,
3 barbels, the smallest of which weighed 15 kilos or 3 pounds.

Pfeiffer ! says that prophylaxis must obviously be directed to the
careful removal of all fishes dead of the disease. They should be
burned or buried with caustic alkali. By this means, perhaps, the
extermination of the barbel may yet be prevented.

The only attempts at cure ave cited by Railliet, who says that M.
Ladague succeeded by opening the tumors in greatly prolonging the
life of the tish, and sometimes in curing it. If, on the contrary, the
disease is allowed to take its course the tumors increase rapidly and
the fish soon dies.

52, Myxobolus ? sp. incert. Pl 26, fig. 1.
Psorosperms of Cyprinus crythrophthalmus, Remak, 1852, Miiller’s Archiv., pp-
144, 149, pl. 5, fig. 9B.

Spore.—Tailed and untailed were scen.

‘Habitat.—From pigment follicles on wall of splenic artery of
Leuciscus (Scardinius) erythrophthalmus L.

Remarks.—As the relation between this form and Chloromyxum
dujardini is at present doubtful, the present form is provisionally left
separate.

53. Myxobolus sp. incert. Pl 26, fig. 2.
Globules of Cyprinus phoxinus Rayer, 1843, Rayer’s Archiv. de Méd. comp., &,
pp. 58-9, pl. 9, fig. 13.

Cysts.—In the single specimen observed, 2 in number, yellowish
white, the size of a pin’s head; contents, a mass of ovoid spores. ILther
rendered the cyst contents more transparent, ammonia more cloudy.

Myxosporidium and spore unknown.

Habitat.—Encysted on left side of head of Phoxinus phoxinus L., from
the Seule River. Disease apparently rare.

54. Myxobolus oblongus Gurley, 1893. Pl. 26, figs. 3-6.
(Psorosperms of Catostomus tuberculatus (Le Sucur), Miiller, 1841, Miiller’s
Archiv., pp. 487-90, pl. 16, figs. 7-9; ib., Miiller, 1843, Rayer’s Archiv. de
Méd. comp., 1, p. 229, pl. 9, figs. 7-9; ib., Robin, 1853, Hist. Nat. d. Végét.
Parasites, p. 301, pl. 14, figs. 9, 10.)
Myzobolus oblongus; Bull, U. S. Fish Com. for 1891, x1, p. 414; b, Braun, 1894,
Centralbl. f. Bakt. u. Parasitenkde, xv, p. 87.

Myxosporidium unknown.
Cyst.—Round or elliptic, not over 1 mm. in diameter; membran®

1 Die Protozoen als Krankheitserreger, 2 ed., 1891, p. 110,
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resistant; contents whitish, consisting of spores, with more or less
granular detritus.

" Spore.—Outline spatular, approaching roundish-oblong; untailed;
length 14 to 17 u, breadth 85 y, thickness 5 to 6 u.

" Shell substance thin, almost perfectly transparent, insoluble in cold
“nd moderately warm concentrated sulphuric acid, quickly destroyed
when heated with the concentrated acid to near irts boiling point;
insoluble in concentrated solution of caustic potash, cold or hot.
Valves separating in sulphuric acid (cold, concentrated), equally con-
vex, the spore on transverse view appearing symmetrical on both
{superior and inferior) sides of the wide ridge. Greatest convexity of
valves well forward (at about the junction of the anterior with the
second fourth of the length;) ridge index nearly §.

Capsules 2, pyriform, of equal size, containing a coiled filament visi-
ble (in iodine water) through the capsular walls; capsules drawn out
anteriorly into the ducts, orifice visible. Methyl-green staius the
capsular walls bright green; the filaments, sporoplasmn, and shell not
at all, Under this treatment there are differentiated in the uniformly
bright green capsular walls several dark green granules. Sometimes
only 2 are seen, and these are then often situated approximately in the
long axis of the capsules. Other specimens are seen with 4 or 5, which
are usually arranged without marked regularity, gencrally, however,
being collected near the center. Their nature is problematical. Their
Dresence, position, and numerical range appear to be constant.

Sporoplasm: The outline was not aceurately traced, but the results,
obtained by staining, suggest that upon the superior surface it may
Perhaps extend to the anterior end of the shell; upon the inferior sur-
face it only reaches the posterior ends of the capsnles. Upon this
View of the relations, the capsnles would indent tha inferior surface of
F}le sporoplasm. A similar condition appears to have been observed
In other species (pl. 34, fig. 3d). It is obvious that between the greater
(but partial) anterior projection of the sporoplasin upon the superior
Surface in M. macrurus, and its complete anterior extension upon one
8urface in the present species, various transitions might occur, and I
believe that this greater anterior projection affords, evenin the absenco
of valvular inequality, a criterion for the discrimination of the superior
from the inferior surface, the greater projection being always superior
and the capsules always more or less inferior.

Nuclei: Besides the deeply’ methyl-green staining bodies in the
capsular walls, 3 serics of bodies, which have a constant position and
8tain with both carmine and gentian violet, occur. Those forming the
,fli‘I‘St series have every appearance of being, and I believe are, nuclei.

he second and third series are much more dubious, for if all the
8ranule-like particles which stain with gentian violet are to be regarded
A8 nuclei, the number of the latter must.be reckoned as 1 or 2 score. 1
havg, therefore, merely described the appearances presented by the



9236 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

specimens, and will direct attention to the possibility of sporoplasmio
degeneration having taken place.!

Series 1: Consisting constantly of 2 deeply-staining globules (best
shown by carmine), always found in the median tongue-like process
of the sporoplasm, usually disposed submedianly, one behind the other,
though not infrequently obliquely or even transversely directed; often
seen closely approximated, sometimes flattened on their adjacent sides.

Series 2: Forming 2 curved lines whose direction and position coin-
cide in a general way both with the concave anterior margins of the
sporoplasiy, and also with the adjacent postero-inner border of the cap-
sule; best stained by carmine. Each line is resolved by high powers
into several deeply-stained dots; its outer end approaches so closely
the usual position of the pericornual nucleus that I suspect that this
latter structure may form the last dot. Further; with one pair of such
lines distinctly in focus, a second pair (parallel and slightly anterior to
the first) can sometimes be seen. That this pair exists on another
focus-plane becomes evident by change of focus, when it comes into
distinct view, the first pair at the same time receding into obscurity.
Finally, at the anterior median cornu a distinet deeply-stained granule
is also sometimes seen.

Series 3: These chromatophile bodies are best shown by gentian
violet. This reagent differentiated, besides the lightly tinted shell,
three kinds of substances which stain, respectively, not at all, medium,
and very dark. There is never any difficulty in distingunishing these
from one another; that is, there are no transitions between the tints.
The medium-stained portion is the general protoplasm. Withoiit pro-
nouncing such to be their nature, I may say that the dark-, and non-
staining portions behave toward gentian violet precisely as would
nucleolar and nuclear substances, respectively. Moreover, the order of
succession (from the center of the space outward) is always deepest-
staining, nonstaining, medium-staining, the nonstaining portions form-
ing circular, oval, or slightly irregular spaces, which are delimited by
a sharp, clearly defined border from the surrounding medium-stained
protoplasm on the one hand, and from the inclosed deeply stained gran-
ules on the other. :

As regards their location, though they often seem to, and apparently
sometimes do, honeycomb the protoplasmic portion of the spore, they
nevertheless show a decided tendency toward peripheral aggregation.
In most cases there can be distinguished in the posterior two-thirds of
the spores 2 zones, a more deeply stained tongue-shaped median, and
a markedly lighter band-like circumferential portion. The latter is, by
preference, the seat of the third series of chromatophile bodies. The

1 The fishes had been kept for years in rather wenk alcohol and their condition of
preservation was by no means perfect. Further, the results of staining with gen-
tian violet were by no means constant, ounly a single slide serving as a basis for the
description given. The action of carmine was less variable.
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anterior end of each series appears usually to be (is) formed by one
of the pericornual nuclei. Sometimes these latter are the only ones to
beseen. Almost always they are the largest. Starting anteriorly with
these two, an increase may be traced up to 6 (3 on each side!), the 3
Pairs being often subsymmetrically arranged. In cases of deficiency it
18 the posterior ones that are absent. These facts would seem to suggest
2 possible origin of the series from the two large pericornual nuclei.
Besides the structures already described, others more or less similar
ay be seen, especially anteriorly and in the higher (presumably also
in the lower) focus-planes. Some of these show the same combination
(deeply stained granules in unstained areas) as those already men-
tioned, but often no surrounding unstained areas were visible.
Vacuole: I could not detect this structure, but do not wish, on the
Strength of the material available, to positively assert its absence.
Hubitat, eto.—Encysted immediately beneath the skin, on the external
(scaleless) surface of the head, never elsewhere except twice in skin of
body immediately behind head of Erimyzon sucetta oblongus (= Catos-
tomus tuberculatus Le Sueur, fide Jordan and Drayton?), chub sucker.
Apparently a scaly surface constitutes an almost impassable barrier
for this species.
Observed on fish collected as follows:

U. 8. Nat. Mus. Cat. No,20105. Tributaries Fox River, Mississippi. Collector, Prof.
8. F, Baird. Tumors very numerous on 2 specimens. Fish adults.

U. 8. Nat. Mus. Cat. No. 20523.  Kinston, North Carolina. J.W.Milner, collector.
A single tumor on 1 fish; the latter rather young.

This species was not found in the following:

U.'S. Nat. Mus, Cat. No.20254. Near Piermont ({Pierpont) New York. Collector
Prof. 8. F. Baird. Fish half-grown.

U. 8. Nat. Mus. Cat. No. 25573. Columbia, South Carolina, March 21,1880, Col-
lector, Col, Marshall MoDonald.

The striking contrasts between the very great number of cysts present
on the fish from Mississippi and their extreme rarity upon those found
atthe other localities is interesting. Data are, however, wanting for the
Proper appreciation of relative potency of geographic location, tempera-
ture, season, and age of the fish.

Remarks.—This species is, I believe, identical with the one described
by Miiller.? Although he states the branchis to be the principal seat
of this species, I have only found it imbedded under the skin covering
thehead. The cystsfound on the branchise, besides being distinguished

'I have not seen more than 3 nucleiform bodies (deep-stained granules in the
Midst of a non-stained area) on a side, though the number of deep-stained granules
Way be greater, 2 boing sometimes found in ono unstained space.

? Bull. 12, U, 8. Nat. Mus., pp. 100, 145; var. oblongus, fide Prof. B, W. Evermann.

*Miiller’s desoription in briof is:

Cystas conspicuous, elongate, 2 to4 mm. long, imbedded principally under mucous
Membrane of branchial lamellm, also in that of the branchial chamber and in skin of
head of Catostomus tuberoulatus from North American rivers. Cysts found in all of
the 3 fish examined, being in one case numerous.
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by their much smaller average size, contain a quite distinct species (M.
globosus) which is much smaller, subcircular, and with a much. larger
capsular index.
55. Myxobolus lintoni Gurley, 1893. PL..26, figs. 7,8; pl. 27.
(Psorosperms of Cyprinodon variegatus, Linton, 1891, Bull. U. 8. Fish Com. for
1889, 1x, pp. 99-102, pl. 35, figs. 1-16; ib. Braun, 1893, Centralbl. f. Bakt. u.
. Parasitenkde, x111, p. 97.)
Myxobolus lintoni, Bull. U. 8. Fish Com. for 1891, X1, p. 414; ib. of Cypsinodor
[error] varicgatus Braun, 1894, Centralbl. f. Bakt. u. Parasitenkde, XV,
p. 87.

Cysts.—Apparently no closed cysts. Fungoid masses of an irregular
shape, varying in size from 4 by 2:5 mm., to 10 by 4 mm., projecting
as much as 3 mm. above general surface of skin.

Myxosporidium unknown.

Spore—Shape and size very uniform; biconvex-lenticular, outline
broadly rounded.-eclliptic, length 139 u, breadth 11 g, thickness about 8
#. Shell thick, showing under action of osmic and sulphuric acids
low longitudinal ridge, resisting the action of concentrated sulphuric
acid and of potassium hydrate solution aund a 10 days’ maceration in
sea water; staining brown with iodine and deeply when treated with
methyl green and eosin; collapsing under action of glycerin. Cap-
sules 2, situated and converging anteriorly, pyriform, traunsparent,
refractile, not staining deeply with methyl green and eosin, showing,
with osmic acid, a minute pore at anterior end; containing filaments
which are extruded under the influence of sulphuric acid; filaments
when extruded nearly straight, undulate, or more or less closely spiral,
of the same thickness throughout, distal ends tenuate. Sporoplasm
showing, on addition of acetic acid or after 8 days’ immersion i sea
water, a “nuclear vesicle”; in many specimens showing the ¢ smaller
supplemental refractile bodies” represented in pl. 27, fig. 2. Spore
associated with calcareous particles of irregular shapes (fig. 14).

The above is Prof. Linton’s description, condensed and rearranged.
To it I am able to add, partly by way of correction, the following data:

Spore.—Shell composed of 2 valves, superior and inferior; casily
and rapidly separating in sulpburic acid (cold, concentrated); ridge
present. Capsules extruding the filaments (alcoholic specimens) in @
loose spiral or straight, under the action of iodine water. Sporoplasimn
showing, withiodine,a rather large vacuole with clearly defined borders.
Nuclei, at the most, 4,2 of which are the pericornual.

Tllese 2 specimens were also from the Atlantie, at Woods HO“;
Mass.; collected by Mr. V. N, Edwards, August 1, 1892.

Habitat—Imbedded in the subcutaneous tissuc of Cyprinodon varie-
gatus (short minnow), taken in the Atlantic at Woods Holl, on August

20, 1889; also August 1, 1892,

Effects.—The skin of the host overlying these tumors is more or leSs
cracked and broken, and the scales scattering,.

1
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$6. Myxobolus sp. incert. PL 28, fig. 4.

Cyst and myxosporidium unknown.

Spore.—~Broadly elliptic; length, 14 u; breadth, 10 u; thickness, 5 u;
shell bivalve; valves equally convex; ridge index about 0-25. Cap-
8ules 2, equal; capsular index not quite 0-50. Sporoplasm showing a
clear, round space, without doubt the vacuole.

Habitat.—Body cavity of Carassius carassius L. (goldfish), from Ger-
lany. .

Remarks—Yor this species I am indebted to Dr. C. W. Stiles, who
mounted the spores in Leipsic. The exact locality whence the host
came is unknown. Thoe specimen was monuted unstained in Farrant’s
Solution. Tor this reason the vacuole could not be stained or the
nuclei be determined. )

57. My=zobolus ? obesus Gurley, 1893. Pl. 28, fig. 7.
(Psorosperm of the ‘“‘Ablette,” Balbiani, 1883, Journ. de Microgr., vi1, p. 203,
fig. 43; ib. Balbiani, 1884, Légons sur les Sporozoaires, p. 133, lig. 39.)
Myxobolus obesus, Bull. U. 8. Fish Com. for 1891, X1, p. 415; ib. of Alburnus
tucidus' Braun, 1894, Ceutralbl. f. Bakt. u. Parasitonkde, xv, p. 87.
No description.
Habitat.—On Alburnus alburnus L.
58. Myxobolus cycloides Gurley, 1893. Il 28, fig. 5.
(Psorosperms of Cyprinus rutilus, Miiller, 1811, Miiller’s Archiv., pp. 481,
486, pl. 16, fig. 4d-g; b.,* Creplin, 1842, Wiegmann’s Archiv. f. Natur-
gesch., 1, p. 63 (footnote); ib., Miiller, 1813, Rayer’s Archiv. Qe. Med
comp., 1, p. 226, pl. 9, tig. 4d-g; ib., Rayor, 1843, ibid., p. 269; ib., (pars)
Robin, 1853, Hist. Nat. Végét. Parasites, p. 299, pl. 14, fig. 6.)
Myazobolus cycloides, Bull, U. 8. Fish Cowm. for 1891, x1, p-415; ib., Braun, Cen-
tralbl. f. Bakt. u. Parasitenkde, Xv, p. 87.

Cyst.—Not described. Creplin states that the meimbrane is very
delicate and that it is ¢ dissolved” by water.

Myxosporiflium unknown.

Spore—Subeircular-ovate or broadly rounded-elliptic, resembling MM,
circularis; length, 12 u (0-0054' /).

Habitat.—Euncysted, most frequently on inner surface of opercle and
particularly on the pseudobranchim (Nebenkiemen) of Leuciscus rutilus
from German rivers. Discase of very frequent occurrence, principally
in May and June. Creplin’s specimens were taken May 8, 1835, and
January 31, 1839.

§9. Myxobolus sp. incert.
Myxosporidian spore of Gardon, Thélohan, 1889, Compt. Rend. Acad. Sci. Paris,
cIX, p. 921. .

8pore.—Vacuole present; maximum number of nuclei, 3.

Habitat.—On the ¢ Gardon.” At present this form is entirely indeter-
minate, as M. Thélohan informs me (letter, 1893) that Gardon is applied
indiscriminately to both Leuciscus rutilus and L. erythrophthalmus.

~ 1The question between the two spocific names is merely that of the advisability
of the use of o specific name identical with the generio.
3Creplin compares his form to Miiller’s, tig. 4d.
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60. Myxobolus spheralis Gurley, 1893.
(Psorosperms of Coregonus fera, Clapardde, 1874, in Lunel’s Hist. Nat. d. poissans
du bassin du Léman, pp.113-14.)
Myzxobolus spheralis, Bull. U. 8. Fish Com. for 1891, x1, p.415; Myxobolus sphe-
ralig [error] Braun, 1894, Centralbl. f. Bakt. u. Parasitenkde, xXv, p. 87,

Cyst.—Diameter, 0:25 to 0-33 mm.

My=xosporidium unknown,

Spore.—Very different from those contained in the cysts of the
muscles of the same fish, untailed, pérfectly spherical, 9 u in diameter,
containing a single spherical, very strongly refringent ¢ nucleus” and
some small granules. Some cysts contain spores with less refringent
nuclei and with very numerous small granales. This difference is per-
haps only one of age.

Habitat.—Cysts imbedded by thousands in the mucosa of the branchi®
of Coregonus fera Jur. Their abundance gives to the branchis a gray-
ish color apparent at the first glance.

Remarks.—blaparéde remarks that it might naturally be supposed
that a generic bond exists between the small cysts of the branchiz and
the large cysts of the muscles, but observatlon was unable to justify
this hypothesis.

61. Myxobolus sp. incert. Pl.28, fig.6.
Psorosperms of Lucioperca sandra, Miiller, 1841, Miiller's Archiv., pp. 480-6, pl.
16, figs. 3a~1 ; ib., Miiller, 1843, Rayer’s Archiv, de Méd. comyp., 1, pp. 222-6,
pl. 9, fig. 3a-I; ib., Dujardin, 1845, Hist. Nat. d. Helminthes, p. 644; ib.,
Robin, 1853, Hist. Nat. d. Végét. Parasites, p. 295, pl. 15, fig. 5.

Oysts.—Flat white vesicles or pustules, 1:09 to 2-18 mm. (3 to 1’/) in
diameter, usually few and discrete; contents a small quantidy of gran-
ular matter, mostly, however, consisting of the spores.

Myxosporidium unknown.

Spore.—Almost exactly round, untailed or very rarely (once in 200
to 300 times) tailed, the tailed forms occurring in the same cyst and
resembling especially M. schizurus, from which species, however, they
differ in having the tail no longer or only a little longer than the body;
with double-contoured border, thickness equal to one-half the breadth;
ridge present; capsules 2, of equal size, converging and appearing as
though united by a knot at their anterior extremities (fig. 6a). Among
multitudes of typical specimens, Miiller says an occasional one is scen
containing 3 bodies, the third being placed behind and between the
other two. Spore frequently showing a dark punctule just behind the
posterior end of each capsule which sometimes simulates an oblique
line extending from the border to the capsules; at others, a slight
projection of the shell.

Development.—Traced (naturally enough, but erroneously !) by Miiller,
as follows: (1) Spores occurin which the capsules are no longer at the

1Tt must be remembered that Miiller was not aware of the existence of the myxo-
sporidium. Recently Miugazzini has attempted to revive this view of the office of
the capsules (see p. 87).
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anterior end, but in the middle, aud have their axes parallel (fig. 3h).
(2) Numerous mother vesicles [pansporoblasts] are seen containing 2
spores standing on edge, in contact, with their longitudinal planes
Darallel; such spores show capsules in their interior in the usual place.
(3) Rare cases occur (fig. 6¢) where the mother vesicles contain 3 such
8pores; these correspond to the rare cases in which the contents of the
8pore consist of 3 parts. He concludes that the capsules are the germs
of new spores.

Habitat.—Encysted in skin of the external or internal surface of the
opercles, in the rays of the branchial membrane, on upper surface of
head or on the fins of Stizostedion lucioperce (= Lucioperca sandra), pike
Derch, from German rivers and from the Don. Disease very frequent,
mostly in May and June. Miiller found it in from 20 to 25 per cent of
the young fishes examined. They were taken during the first of the
Winter,

62. Myxobolus globosus Gurley, 1803, PL 28, figs. 1-3.
Bull. U. 8. Fish. Com. for 1801, x1, p. 415; ih., Braun, 1894, Centralbl. f. Bakt.
u. Parasitenkde, xv, p. 87.

Cysts.—Varying from very minute to a maximum of 0°5 mm., elongate-
elliptic or rod-shaped, apparently (judging [rom ease of rupture) with
& very thin membrane; color, whitish; contents, sporem

Myxosporidinm unknown.

Spore.—Globose, subcircular in outline, untailed; length, 7 or 8 u;
breadth, 6 or 7u; thickness, 5u. Shell substance thin, very trans-
barent, composed of 2 valves (superior and inferior in position), which
Dre%enb a heavy ridge whose width nearly equals one-third of the thick-
ness of the spore.  Valves equally and very convex on their external
surfaces, appearing symmetricalon either side of theridge. Capsules, 2,
of equal size, rather strongly diverging; capsular index somewhat more
* than 0-50. Nuclei 3 or 4, viz: the 2 pericornual and 1 or 2 others, the
latter the usual and presumably the fully developed condition (see p.
92). Vacuole present. Owing to the great convexity of the sporoplasm
surface and the great thickuess of its substance, it is not so clearly
outlined as usual.

Habitat.—Encysted on the bmnchnl lamell of Erimyzon sucetta
oblongus Lac. (= Catostomus tuberculatus Le Suenr'), chub sucker.

This species was found upon fishes from the first 3 localitics; on those
from the fourth none were detected.

The following is the record of fishes examined:

I})\'f "Sé. i':’" Locality. | Date. Collector.

J. W. Milner.

20523 | Kinston, N.C :
* Mar. 21, 1880 | Marshall McDonald.

25573 (,nluu\bin,s C.
20105 | Tributaries I'o

Mississippi....cocveenn- [P S. . Baird.
20254 | Near Piermont (% Pier- )
pont), NoY ooeeieimana]eerceeniecenn. S. . Baird.

1 Fide Jordan & Drayton, Bull. 12, U. 8. Nat. Mus., pp. 100, 145; vor. oblongus, fide
Prof. B. W Evermanu.

16
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63. Myxobolus transovalis Gurley, 1893. Pl. 29, fig. 1.
Bull. U. 8. Fish Com. for 1891, X1, p. 415; ib., Braun, 1884, Centralbl. f. Bakt.
1, Parasitenkde, XV, p. 87. .

Cyst.—Existence not evident, the spore-mass appearing to be held
together by a small soft gelatinous or mucoid mass which has no attach-
ment to the subjacent counéctive tissue, as it invariably comes away
with the seale. It forms a thin discoidal mass situated in the center
of the concave under surfave of the scale. When at its thickest it
clevates the scale slightly, and this elevation is the principal guide to
its detection. In addition its color when coagulated is a slightly deeper
yellow than that of the surrounding tissues. Itis exceedingly difticult,
in fact nearly impossible, to detect its presence in the fresh state.

Myxosporidium unknown,

Spore—Length, 6 u; breadth, 8 ji; shell thin; substance almost per.
fectly transparent, insoluble in concentrated sulphuric acid, bivalve;
the valves superior aud inferior in position, equally ventricose, with a
narrow ridge; valvesseparating casily wlen placed in cold concentrated
sulphuric acid, also sometimes in strong glycerin, or when the mass is
rolled under the cover slip.

Capsules: Two, of equal size, containing a coiled filament extruded
under the influence of glycerin and of sulphuric acid; capsular index
about 0:50. ‘

Sporoplasm: The great convexity of the sporoplasm renders it diffi-
cult of determination whether the decper iodine-stained portions rep-
resent merely greater thickness or a vacuole. Sometimes the latter
view was suggested by the rather sharp outline of such deeper-stained
areas. Hydrochloric acid aleohol carmine stains 2 (very rarely 1 only)
comparatively large (1 to 1'5 u in diameter) nuclei, which are always
and plainly situated in the sporoplasm with a site by preference along
or near one of its concave anterior borders; pericornual nueclei appar-
ently absent.

Habitat.—Under scales on external surface (mostly on posterior half)
of Phozinus (Clinostomus) funduloides Girard, taken in 4-mile Run (trib-
utary of Potomac River), near Carlius, Va., June 29, 1892; collector, the
author. Among fishes collected from the same locality, August 29,
1892, no diseased specimens were found.

64. Myxobolus ? merlucii Perngin, 1891. Pl 29, figs. 2-7.
Myzosporidium merlucii Perugia, 1891, Boll. Scientif., Pavin, xr1, pp. 22,24,
figs. 9-14; Myxobolus merluccii [error], Thélohan, 1892, Bull. Soc. philomat.
Paris, 1v, pp. 166, 178; M. merlucii, Gurloy, 1893, Ball. U. S. Fish Com. for
1891, X1, p. 415; ib., Braun, 1894, Centralbl. f. Bakt. u. Parasitenkde, XV,
p. 87. ’

Myxosporidium.—Oceurring under various forms; no differentiation
of ectoderm; no pansporoblast membrane. The spores are expelled ab
their maturity from the myxosporidium. Perugia adds:

I have also seen form 2 contiguous vacuoles which do not present the slightest
trace of capsules, but only a few granulations.
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Spore.—Always 2, oval, with 2 capsules situated ¢“at the superior
border in the transverse dmneter.” Perugia did not see the extrusion
of the filaments under the action of reagents. He adds that he has
convinced himself of the accuracy of Thélohan’s opinion as to the
Vacuolic nature of Biitschli’s ¢ nucleus” and also of that of Thélohan’s
observations upon the nuclei of the spore. '

Habitat.—Gall-bladder of Merlucius merlucius (= esculentus, = vul-
garis), hake, collected August 13, 1890.

Remarks (see also p. 275).—This is a rather peculiar species, and the
generic reference is provisional. As indicated elsewhere, gall-bladder
8pecies of Mywobolus are so rare that this habitat is a caution-mark as
to the generic reference of imperfectly described forms. The present
8eneric reference is made provisionally and very doubtfully upon Peru-
gia’s assertion of the presence of an iodinophile vacuole. Finally,
attention may be directed to Perugia’s figure 9 (pl. 29, fig. 2), which
differs entirely from the others.

65. Myxobolus ? sp. incert.

Psorosperms of Gobio fluviatilis Lieborkiihn, Miiller’s Axdnv, pp. 3534, b,
Lieberkithn, 1854, Bull. Acad. Roy. Belg., xx1, pt. 2, pp. 21-2; ¢ myxo-
sporidian of kidney of G. fluviatilis Thélohan, 1890, Annul. de Microgr.,
11, p. 198; ib., of Gobius [error] Ifeiffer, 1890, Die Protozoen als Krank-
heitserreger, 1 ed., p. 49; ib., Dfeiffer, 1891, ibid, 2 ed., p. 134.

Cyst.—Nearly spherical, about 0.22 mm. in diameter; contents, ¢ pso-
Togperms,” empty shells of the same, “free nuclei” of the same, and
ameboid bodies with amaboid movements.

_ Myxosporidium.—The above and below mentioned amamboid bodies
In all probability represent the earliest stages.

Spore.—Untailed. Lieberkiihn repeatedly saw spores contract to an
hour.glass shape and extrude an ameeboid body, which formed blunt
Processes, and moved slowly over the field, the movements continuing
for a long time; amemboid bodies diaphanous, destitute of granules
and of apparent structure, usually invisible within the spore, but some-
times plainly scen; size, that of a colorless blood corpuscle.

Habitat.—In the kidney and encysted in body cavity between the
xIduLy and the air-bladder of Gobio gobio L.

. Remarks.—The habitat and the ¢ encysted” condition of this form
Imply Myzobolus affinities.

66. Myxobolus ? sp. incert.
Psorosperms of Perca fluviatilis, Miiller, 1841, pp. 481, 490; ib. Robin, 1803 Hist.
Nat. des Végés. Parasites, p. 206; b, Lioberkiihn, 1854 Miiller’s Archiv.,
p. 365; ib. Besscls, 1867, Tagebl. d. 41 Versamml. d. deutsch, Naturf. u.
Aorzte, pp. 71-72.
Cyst mentioned but not described by Lieberkiihn; myxosporidium
unknown,
Spore.—Untailed, Bessels -observed the extrusion of the filaments
88 a result of 8 hours’ immersion in glycerin.
Habitat.—In May and June encysted in the skin of Perca fluviatilis
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(yellow perch) in German rivers and in the Irtiseh (Miiller). Scales
(Lieberkiihn; Bessels). Disease not common.

Remarks.—Bessels’s form seems probably referable here, as he speaks
of having observed the longitudinal splitting into 2 symmetrical halves
of an ellipsoid form.

67. Myxobolus sp. incert. Pl. 29, fig. 8.
Psorosperms of Leuciscus rutilus, v. d. Borne, 1886, Handb. d. Fischzucbt u.

Fischerei, p. 211, fig. 215.
No description.
Habitat.—On Leuciscus rutilus L.
68. My=obolus ?? zschokkei Gurley, 1893. Pl. 31, fig. 1.
(Psorosperms of Coregonus fera, Zschokke, 1884, Archiv. de Biol., v, pp. 234-5,
pl. 10, fig. 16; ib., Linton, 1891, Bull. U. 8. Fish Com, for 1889, 1x, p.101.)
Myzxobolus 17 zschokkei, Bull. U. 8. Fish Com. for 1891, x1, p. 416.

Cyst.—Oval, white, size varying from that of a small pea to that of
.a large nut; multiple, sometimes as wany as 30 on one fish, the largest
usnally situated in dorsal muscles; cyst membrane thick, very resist-
ant, without apparent structure; contents a milky fluid, occasionally &
caseous mass, coagulable by alcohol.

Myxosporidium unknown,.

Spore.—1 quote in substance Zschokke’s description:

Body lenticular or oval, a little wider in front than behind; often bearing in front
a blunt prolongation; posteriorly one distingnishes 2 “ tails ” (queues), 6 to 8 times
longer than the body, attenuating posteriorly, curved and undulating ; the nunber
of 2 “tails” is constant; at the pole opposite to the ‘‘tails” are 2 oval, trans-
parent anteriorly-converging vesicles; one sometimes sees, however, an extremely
fine canal extending from the posterior end of cach vesicle to the base of the corre-
sponding “ tail”; the vesicles then probably play here also the role of receptacles for
tho “* tails.” Round refractile globules are also secn at the bages of the vesicles; the
remainder of the body is filled by a homogencous plasmic mass, which frequently
contracts to the center of the body cavity, forming a clearly distinct round or oval
mass.

Habitat—Encysted in the subeutaneous and superficial intermuscular
tissue of Coregonus fera. Observed during April and May. Disease
stated by fishermen to be of very frequent occurrence.

Effects.—The skin is irregularly swollen and the scales fall easily-
As to myxosporidiosis of Coregonus, see also p. 233.

This form is a very puzzling one. As appears from the above
description and from the figure (pl. 31, fig. 1), the 2 structures, called
by Zsehokke “tails” (queues), are seen at one end, and at the opposite
end are 2 structures (the ¢« vesicles” of the above description) approxim-
ating to the position of and presenting somewhat the appearance usud
to the capsules, and Zschokke considers them to be the capsules-
They converge, as do the capsules of most species, toward the end of
the spore, at or near which they are situated, and they diverge in the
opposite direction. Trom these facts one would be inclined to pro-
nounce this end (viz, the one at which these ¢ vesicles ” are placed and
toward which they converge) the anterior, and the opposite one (the
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one from which the ¢ tails” proceed) as the posterior. Zscholkke, how-
éver, states that he has often seen a fine canal running from the (on
the above supposition) posterior end of each capsule to the base of the
“tail,” and expresses his belief that, in this species as in those observed
by Balbiani, the function of the “vesicles” is to contain the “ tails.”
Both he and, subsequently, Linton® perceived the anomaly which, upon
his view, is presented by this species, but neither of them discusses it at
length. It is almost as difficult to reverse the position of the spore and
.consider the ¢ tails” as corresponding to the filaments which in other
Species are extruded from the capsules, as this view would necessitate
the admissions that the capsules are placed at and converge toward
the posterior end of the body, and that the filaments are extruded from
their posterior ends, a state of things occurring in no other known
8pecies.? I may add that the filiformm aspect of the so-called ¢ tails™is
quite different from that shown by the stout tails of other species,
while it closely resembles that of the capsular filaments.
69. Myxobolus cf. creplini. Pl. 30.

Myxosporidian spore of Esox lucius, Weltner, 1892, Sitzungs-Bor. Ges. Naturf,

Freunde Berlin, 1892, pp. 28-36, figs. 1-16.

The fish was a spawner, weight estimated at 1 kilo; it showed a mass
of milk-white eggs whose contents consisted of myxosporidian spores,
a granular mass, and afew yolk granules. The material wasfirst exam-
ined by Hilgendorf, who recognized the myxosporidian spores.

Spore dimorphious, untailed and tailed forms occurring. Anuterior
end more or less bluntly rounded. Posterior end showing great differ-
ences, as a rule gradually drawn out without any boundary into the
thin tail. More rarely the alternation is sudden and the tail is then
delimited from the body. With some spores there is found at the
Dlace of traunsition of the body into the tail a wing-like expansion,
which lies at the border of the spore. The untailed spores have the
posterior end rounded, much blunter than the anterior; otherwise they
are formed entirely like the tailed. The tailed spores are of a fusiform
shape.

Relation of untailed to tailed: It might readily be believed that the
tailed develop from the untailed by the appearance of a short stump,
which would subsequently grow in length and breadth; thus the body-
length of the 2 forms is about the same, the whole length of the tailed
conscquently exceeding that of the untailed only by the length of the
tail. Also the maximum width is about the same for both spore-forms,

Shell consisting of 2 thick almost always unequally arched?® valves
which can gape apart anteriorly for more than half their length; by

!Bull, U. 8. Fish Com, for 1889 (1891), p. 101

$ M. diplurus has (if Biitschli’s figure be correct, pl. 36, fig. 4) the capsules poste-
riorly placed, but their couvergence and divergonce is not evident, and nothing is
‘known about the capsular filuments.

3Weltner refers to his figs. 8 to 11, in which the inequality of valve-convexity
might perhaps be the result of the oblique positions of the spores,
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pressure on the cover-glass they can be separated almost completely.
They rewmain, however, connected at the posterior eud; ridge present.

On longitudinal (“end”) view the valves are seen to unite with
cach other, either by direct fusion and without appreciable line of
demarcation, or to be soldered by the thick interiorly projecting welt-
like ridge (in optical section, circular).

Weltner believes that the tail structure (in this species) always con-

sists of a superior and an iuferior half, each half being a process of the
corresponding valve. For, in the very few cases in which the valves
diverged posteriorly (remaining connected anteriorly), he saw this quite
plainly; with some shells the tail-halves were shorter; with others
longer; also inequality of length is very frequent in the same spore,
and one valve-process may be very long and the other very short.
Other spores have ouly one valve sharply drawn out, the other showing
no trace of a tail. Tail thinner than that of M. psorospermicus (Lieber-
kiihn’s figures in Biitschli). ,
* The spores in which the tail is double may lie in 3 positions: ! (1)
Most frequently the tails are plainly visible only on a transverse (or at
least an oblique) view. The tail-halves (which on vertical view cover
each other) then diverge. (2) With other spores things are different;
hiere the tail-halves appear side by side, on vertical view. (3) The third
position is that in which the tails cross (in the manuer of a crossbill’s
beak) both on vertical and transverse views.

Capsules: 2, fusiform, length 51 to 59 u; their posterior end
bluntly rounded off and often obliquely truncated.? The separated
capsules are rounded pyriform. Capsules mostly parallel-appressed,
mutually flattened. In spores whose capsules lie separated from each
other the granulated sporoplasm is seen between them. Longitudinal
(“end”) views show the capsules to be inbedded in the sporoplasm.
Weltner only once certainly observed the sporoplasmic covering to
extend as far forward asthe apex of the capsules. The latteris always
clear and glistening when containing the filument; dull when empty.
The capsule of the present form differs from that of M. psorospermicus
(Lieberkiihn’s figures in Biitschli) in shape; also here the capsular index
is smaller. In M. schizurus the shape and position of the capsule is
also different.

Filament: Not visible (under a power of 1,000 diameters) through tho
capsular wall; only & dark shadow being seen. Exit produced by
glacial acetic acid; also (spores in alcohol), by pressure on the cover
glass; the last method produced the extrusion of many filaments;
extruded filaments often quite straight; length, 479 u.

11t secms to me that all this is produced merely by a slight lateral shifting of the
valves and by the flexibility of the tail. At any ratoall these aspects are so produced
in M. ¢f. linearis (soe p. 254).

2 A similar apparent marked truncation is an optical illusion in AL, macrurus.
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Sporoplasm: In the preparation this had run to a mass with plainly
visible coarser and finer granules. Sporoplasm traceable only to the
oot of the tail, where its lateral borders converge sharply; in the
untailed forms it is rounded off posteriorly.

No nucleus was discovered; bodies staining with h@matoxylin,
borax-carmine, bismarck brown, gentian violet and Kernschwarz were
resolved by a Leitz 4, immersion into coarse granule-heaps, having
little similarity to nuclei.

Microscopic technique.—Material received fresh; the pathologic mate-
rial was placed in glycerin and water (equal parts) and fixed with some
drops of saturated sublimate solution; 14 days later it was transferred
to 50 per cent, and subsequently to 70 per cent alcohol. In alcohol the
eggs remained soft. In this form the material was catalogued as Pro-
tozow No. 1661 in the collection of the Konigliches Museum fiir Natur-
kunde. Bismarck brown stains the capsules only; borax carmiune, only
the sporoplasm.

Habitat.—Ovary of Lucius lucius (pike) collected at the beginning
of February, 1892. '

Remarks.—Of Miiller’s forms, the present species resembles most, but
is not identical with, M. schizurus. This species also bears a great
similarity to Lieberkiihn’s figures (in Biitschli) of M. psorospermicus, but
here too, specific differences exist. On the contrary, he believes the
present form to be identical with . creplini, as the shape and size of
the two agree well; it is, however, to be noted that the thickness is
seldom as great as that of the last-named species.

70. Myxobolus brevis 'Thélohan, 1892,

(Cf. tailed psorosperms of kidnoy of Gasicrosteus aculeatus, Lioberkiihn, 1854,
Miiller’s Archiv., 1854, p. 357 (sce p. 185); myxosporidian spores of G.
aculcatus and G. pungitivs (pars) Thélohan, 1890, Annal, de Microgr.,, 11,
pp. 198-200, 209, pl. 1, fig. 15 ib. (purs) Thélohan, Compt. Rend. hebdom.
Soc. Biol. Paris, 11, p. 604.)

Henneguya brevis Thélohan, 1692, Bull, Soc. philomat. Paris, 1v, p. 177

Myzobolus brevis, Gurley, 1893, Bull. U. 8. Fish Com. for 1891, x1, p. 416.

Henneguya brevis, Braun, 1893, Centralbl. f. Bakt. u. Parasitenkdo, X1v, p. 739.

Myxobolus brevis, Braun, 1894, Centralbl. f. Bakt. u. Parasitenkde, Xv, p. 87.

Cyst and myxosporidium not mentioned.

Spore.—Small; length, 15 p; breadth, 5 to 6 u; anterior portion more
swollen; tail very short, candal index hardly 0-50.

Habitat—Renal tubules and ovary of Gusterosteus aculeatus (stick-
leback); renal tubules and ovary of Pygosteus punr gitius (9-spined sticikle-
back); all fide Thélohan, letter, 1893.

Efects.—The following from Théloban probably refers to this species:

At the moment of the oxpulsion it is not rare to see the normal spawning replaced

by the expulsion of & small mass of gluey and viscous matter in which the micro-
8copist casily recognizes psorosporms, aborted eggs, ete.
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71. Myxobolus medius Thélohan, 1892. Pl, 31, tigs. 2-4.

(Cf. tailed psorosperins of kidney of (Gasterostens aculeatus Lieberkiithn, 1854,
Miiller’s Archiv., 1854, p. 357 (see p. 183); myxosporidian spores of G. acule-
atus and of G. pungitius, Thélohan, 1890, Annal. de Microgr., 11, pp. 198-200,
209, 211, pl. 1, figs. 1, 18 (last fide Théloban, lettor); ib. Thélohan, 1890,
Compt. Rend. hobdom. Soc. Biol. Paris, 11, p. 604.)

Henneguya media Thélohan, 1892, Bull. Soc. philomat. Paris, 1v, p. 176,

Myxobolus medius Gurley, 1893, Bull. U. 8. Fish Com. for 1891, x1, p. 416.

Henneguya media Braun, 1893, Centralbl, f. Bakt. u, Parasitenkde, x1v, p. 739,

Myzobolus medins Braun, 1894, Centralbl, f. Bakt. u. Parasitenkde, xv, p. 87.

Cyst none; myxosporidium unknown.

Spore formation.—Pansporoblast apparently monosporogenetic (sec
pl 31, fig. 4, reproduction of Thélohan’s fig. 18).

Spore.~TFusiform; length, 20 to 22 u (Thélohan, 1892); total length,
24 to 30 wu (ibid., 1890); shell striate; tail present, resembling especially
that of M. psorospermicus, curved cloge against the body during
development, straighitening only after rupture of the pansporoblast
membrane; nuclei unknown; vacuole present.

Habitat.—Renal tubules and ovary of Gasterosteus aculeatus L.
(stickleback); renal tubules and ovary of Pygosteus pungitius (9-spined
sticklebacek). ' ,

Lifects.—The following probably apply to this species, to M. brevis,
and to Chloromyxum elegans :

Upon the kidney, Thélohan’s observations are as follows:

The organ is often almost entirely invaded. Upon section one sces nearly all the
tubes completcly obstructed by psorospermic matter. Tho canaliculus invaded is
dilated and attains relatively snormous proportions, the entire kidney being conse-
quently enormously angmented in volume, and its function evidently must be almost
completely abolished. A remarkable fact of this invasion of the renal caualiculi by
the AMyxesporidia is the small amount of disorder that they occasion. Beyond the
dilatation of tho tnbes one observes only alittle augmentation of volume of the nuclei
of the epithelium, The cclls are otherwisoe respectod, and I have never seen tho
protoplasm of the myxosporidium invade them or insinuate itself betweon theru.
This is due without doubt to the dilatability of the renal tubules.

The following upon the ovary probably applies both to M. medius
and to M. brevis:

Upon sections of this organ ono sees the conneetivo tissue invaded by the plasmic
masses, which separate its fascime; certain invaded ovules have complotoly lost their
normal aspect and present in their interior more or less coufluent islets of psoro-
spermic matter,

72. Myxobolus creplini Gurloy, 1893. Pl. 32, figs. 1, 2.

(Psorosperms of Accrina vulgaris, Groplin, 1812, Wiegm. Archiv. f. Natargesch.,
1842, 1, pp. 61-3, pl. 1, figs. A-X; ib., Rayer, 1843, Rayor's Archiv. de Méd.
Comp, 1, pp. 268-9; ib., Dujardin, 1815, Hist, Nat. d. Helminthes, p. 644;
“tailed ” psorosperm of Acerina Leydig, 1851, Miillor’'s Archiv., p. 222;
psorosperm of Acering vulgaris Louckart, 1852, Archiv. f. physiolog.
Heilkde, X1, p. 436, fig. 21e; ib., Robin, 1853, Hist. Nat. de Végét. Purnsites,
pp. 312-14; spore of Acerina vulgaris, Weltner, 1892, Sitzgs-Ber. Ges.
Naturf. Freunde, Berlin, 1892, pp. 29-31, 34).

Afyxobolus creplini, Bull. U. S. Fish. Com. for 1891, x3, p. 418; ib., Braun, 1894,
Contralbl. f. Bakt. u. Parasitenkde, Xv, p. 87,
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Cyst not described; myxosporidium unknown.

Spore.—Perfectly transparent, colorless, much larger than any of
Miiller’s species, body elongate, strongly ventricose-elliptic, 17-3x long
by 5-8u broad; shell bivalve, of firm texture, enabling the spore to
retain its shape on drying, splitting open after several days’ immersion
in water, the resulting median fissure extending nearly to the root of
the tail; tail present, simple, diminishing in thickness from origin to
its fine pointed extremity, about as long as or a little longer than the
body (in 1 specimen 24 times that length), often more or less deflected
from the line of the antero-posterior axis of the body; contentsof body
cavity perfectly clear, granule-free, showing no trace of structure other
than the capsules; capsules 2 (on transverse view only 1) of equal
size, pale yellow, subeylindrical, situated at the anterior pole, diverg-
ing posteriorly or adnate to each other along their inner borders; in a
single specimen beginuing as a single cylindrical tube (3 the length
of the capsules), which divided posteriorly into the 2 capsules; the
latter diverging from their origin to their blind posterior extremities
(fig. d). Capsules become strongly wrinkled ou drying.

Habitat.—On Acerina cernua L.; collected March 14, 1837,

73. My=xobolus strongylurus Gurley, 1893. Pl 31, fig. 5.

(Psorosperms of Synodontis schal, Miiller, 1841, Miiller’s Archiv., pp. 480-1, pl. 16,
fig. 2; ib., Miiller, 1843, Rayer’s Archiv. de Méd. Comp., I, pp. 222, 227, pl.9,

ﬁZ‘. 2,; ib., Robin, 1853, Hist. Nat. de Végét. Parasites, p. 295, pl. 14, fig. 4.)
Myxobolus strongylurus, Bull. U, 8. Fish Com. for 1891, x1, p. 417; Myxobolus
strongylura [orror], Braun, 1894, Centralbl. Bakt. u, Parasitonkde, xv, p.87.

Cyst.—Over 2:18 mm. (1//) in length.

Myxosporidium unknown.

Spore.~Body blunter auteriorly than in M. schizurus; length without
tuil Ou (0-0040/7); breadth, 5-4u; tail always undivided, very peculiar
in being constantly oblique in the longitudinal plane, appearing straight
when seen in transverse view; capsules, 2, of equal size. Spore some-
times showing at posterior end of capsule a dark punctule which occa-
sionally causes a slight projection of the shell at this part.

Habitat.—Encysted in skin of cephalic region of Synodontis schal
from the Nile.

74. Myxobolus monurus Gurley, 1893. PI. 32, figs. 8,4.
(Psorosperms of Aphredoderus sayanus Ryder, 1880, Amer. Nat., X1v, pp. 211-2,
figs. 1, 2; parasite of Aphredoderus savanus' [error] Thélohan, 1892, Bull.
Soc. philomat. Paris, 1v, p. 177.)
Myxobolus monurus, Bull. U. S, Fish Com. for 1891, X1, p. 4163 id. of dphrodode-
rus [orror] sayanus Braun, 1894, Contralbl. Bakt, u. Parasitenkde, xv, p. 87.

Cyst.—Lenticular, large, bulging, white, opague, numerous (about 20
in the only fish seen), imbedded in the subcutancous muscles, arranged
as a rule in pairs on the opposite side of the body of the fish; mem-
brane very thin; contents, a thick, white, creamy mass, containing
multitudes of spores and of excessively minute round granules.

14 The parasite described by J. R_yzlor in Aphredoderus savanus constitutes prob-
ably a fourth species” [of Thélohan’s genus Henneguya].
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Myxosporidium unknown.

Spore.—DBody lenticular or slightly obovate; tail present (rarely
absent), thick at origin, attenuating gradually, more or less curved,
between 2 and 3 times as long as the body, undivided; capsules, 2, of
equal size, subparallel, on longitudinal view seen to be eccentric.

Habitat.—Xincysted in subcutancous intermuscular tissue of Aphredo-
derus sayanus Gilliams (pike perch), taken near Woodbary, N. J.

75. Myzxobolus macrurus Gurley, 1893. Pl. 32, fig. 5; pl. 33, figs. 1-4.
(Myzosporidia of Hybognathus nuchalis, Evermann, 1892, Bull, U. S. Fish Com.
for 1891, x1, p. 76).
Atyrobolus macrurus, Bull. U. 8. Fish Com. for 1891, x1, p. 416 ; ib. of Hypogna-
thus [error] nuchalis, Braun, 1¥94, Contralbl. Bakt. u. Parasitenkde, xv,
p. 87.

Cyst.—Multiple (usually 15 to 20 or more), the size of a pin-head, some-
times separated, more frequently iu contact, forming elongated masses
6 mm. by 2, or less, imbedded in the subcutancous connective tissue;
*almost invariably situated upon some portion of the head. Out of a
multitude of cysts upon more than 80 fish, I have seen but one exception,
a cyst situated at the base of the pectoral fin, a few millimeters behind
the head. The great majority of the cysts arc concentrated in 2 lines
along the 2 halves of the inferior maxil]a between the bone and the skin.

My=xosporidinm unknown.

Spore.—~Tailed; Lody rounded-oblong, 10 or 11 long, 6 to 8u broad,
4p thick. Shell substance thin, colorless, perfectly transparent, very
resistant to the strongest acids and alkalies, not stained by any of the
reagents tried. Valves 2, superior and inferior, unequally convex.
Superior valve with a very convex outer surface, to which corresponds
internally a surface deeply concaved for the reception of the larger por-
tion of the capsules and sporoplasm. Inferior valve outwardly convex-
flattish, with a shallow line of depression across the middle portion of
its external surface, to which corresponds on the internal surface a
broad, éentle ridge, marking the space between the capsules and the
sporoplasm. Ridge forming the anterior continuation of the tail, at the
anterior extremity of the spore, projecting slightly in transverse view
(optical section), as a blunt, nasute process.

Tail substance somewhat less transparent than that of the shell,
completely dissolved by sulphuric acid (cold, concentrated) almost
(usually entirely) invisible in balsam, the species then appearing
untailed. Tail very long when complete (30 t040 s or less), the very atten-
uate posterior portion easily (and consequently frequently) broken off,
the tail then appearing short, thick, and blunt. Tail consisting of
a single long, posteriorly-directed median piece, and of two short,
anteriorly-directed lateral pieces, Median piece, usually straight, fre-
quently, however, more or less deflected to the right or left, or upward
or downward, thick at its origin, attenuating gradually thence to the
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acuate posterior extremity, destitute of apparent structure,' very
Hable to break off, the fracture always taking place evenly and never
Producing a ragged end. Lateral pieces 2, strongly curved, extend-
Ing forward on either side fromn the anterior end of the median piece,
applied closely to the rounded posterior portion of the shell about as
far forward as the junction of the posterior and middle thirds of its
Outer margin; thickest at their origin, becoming very thin toward their
anterior extremities. They have a slight expansion over the superior
and inferior surfaces of the shell, thus tending to form a slightly cup-
8haped receptacle for it. It isprobable that they really extend forward
along upon the surface and over the sides of the ridges, which struet-
ures appear as though continuous with them.

Capsules: 2, pyriform, somewhat diverging posteriorly, attenuated
at the anterior end into the ducts which converge forward toward-the
median line, on either side of which they open. Capsular wall staining
Teadily with and retaining tenaciously bismarck brown and fuchsing
Tendered transpareut by iodine water and by strong ammonia water.
The filaments are thus seen lying coiled within the capsule. They
appear not to stain with reagents which stain the walls, the capsule
Usually showing a lighter central and a darker circumferential portion.
Relative to the occasional presence on or near the capsule of a dark
“gx‘anule,” sec p. 220. The capsules are always surrounded by a
clear space, the pericystic. This space never shows a double contour,
hever stains, and presents no appearance suggestive of an outer mem-
brane, It is apparently a natural and presumably (by exclusion and
analogy) a fluid-filled space. It does not stain with iodine, agreeing
In this respect with the space (with which it is continuous) everywhere
lining the inner surface of the shell, and differing in the same respect
from the vacuolic space.

Sporoplasm: Inferior surface convex in all directions, showing a
Tounded postero-lateral margin,® extending from about the middle point
of the lateral border of the spore on one side to the corresponding point
on the opposite side. TFrom these two points (infero-lateral cornua)
the 2 antero-lateral borders curve inward and forward with a sharp
anteriorly directed concavity to the median line where the sporoplasm
fS drawn out to a point (the infero-median cornu) which forms also the
inferior extremity of a ridge shortly to be described as the supero-
inferior intercornual ridge. The infero-median cornu is situated about
at the level of the middle point of the antero-posterior diametor of the
Shell cavity. Lateral surface, extending forward for some distance

! Todine (aqueous solution with potassinm iodide) produces o decided beading of
the median piece, transverse lines of division appearing, constituting a decided
Pseudo-segmontntion. My attention was directed to this phenomenon by Dr. Stiles.

. ? Common, of course, to it and to the superior surface, being the line of intersec-
tion of the longitudinal plane with the interior surface of the shell,
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convexly, both antero-posteriorly and supero-inferiorly, the cross-section
of the sporoplasm at this point being unequally biconvex-lenticutar.
Anteriorly, however, each lateral surface is probably excavated for the
lodgment of the posterior end of the capsule of the same side. The
cross-section ot the sporoplasm at the level of the infero-median cornu
is a biconcavo-convex isosceles triangle. Superior surface convex in
all directions with its postero-lateral margin coincident with the same
margin of the inferior surface; differing from that surface mainlyin the
slighter concavity of the antero-lateral margins (and the consequently
less mucronate shape of the supero-lateral cornua) and in the greater
extension forward both of the supero-median and of the supero-lateral
cornua. The supero-inferior intercornual ridge mentioned above curves

(in the vertical plane) fromn the supero-median cornu downward and
backward through the interior of thie shell cavity to terminate in the
infero-median cornu.

. Micro-chemistry.—Hydrochloric acid alcolhol carmine stains the nuclei
better than other reagents. JIodine (aqueous solution with potassium
iodide) stains the vacuole dark brown; stain removed by alcohiol ; stain-
ing most intense at first, the vacuole staining more rapidly than the
sporoplasm. This reagent causes the separation of the tail from the
body, and a beaded appearance of the tail. As, however, I have not
detected this condition in other examination media, I suspect that it is
not the normal structare. Finally iodine renders the capsular walls
transparent and the filaments visible. Sulphurie acid (cold, concen-
trated) dissolves the tail (the shell remaining unaffected) and causes
the valves to gape open, and finally to separate. ently warmed,no
further effect is produced. Heated to the boiling point, the valve sub-
stanceis destroyed (dissolved?). Ammonia water renders the capsular
walls transparent and the filaunents visible. Balsam renders the tail
invisible, the shell remaining visible.

Habitat.—Encysted on head of Hybognathus nuchalis Ag. (identifi-
cation by Prof. B. W..Evermann), collected November 24, 1891, in the
Neches River, 14 miles east of Palestine, Texas, by Prof. B. W. Ever-
mann, U. 8. Fish Commission, Water temperature 9:4° C, (49-5¢ F.),
Disease very frequent.

Effects.—Although the tumors form quite extensive patches, the
effect upon the fish could hardly, I think, be serious, That the move-
ments of the jaw are not materially impaired is shown by the excellent
nutrition of the fish. Indeed the present species seems rather a sub-
commensal than a true parasite. Thélobhan! reports that he saw a cyst
ghell out of its place in the tissue of the fish and fall into the water.
Everything implies that a similar process takes place here, as super-
ficial pitted scars were seen upon several specimens. These show no
trace of long-continued ulceration, being very free from the puckerings

! Annal. de Microgr., 1890, 11, pp. 2034,
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thus caused. Moreover they conform very closely to the shape of the
cysts. This is especially well shown where a cyst situated in the center
of a group has shelled out, the surrounding cysts, preserving the shape
of the cavity.

In this species, under influence of cold, concentrated sulphuric acid
(which dissolves the tail) the valves separate, the divergence appear-
ing always to begin at the posterior end. The appearances seem to
favor the view that such divergence was the result of the previous
solution of the tail, the 2 lateral pieces of which would thus act as a
splint. As, however, examination of untailed species (in which I sus-
pected the lateral pieces might exist without the median) failed to show
evidence of the existence of the lateral pieces or even of the coustancy
of the initial posterior divergence, this function of the tail must be
regarded as dubious. Inany case,atleast, one other causal factor must
be involved in valve separation, as iodine, which produces separation
of the tail,does not produce separation of the valves. I suspected that
this might be exosmotic pressure from within, and attempted to produce
valve separation by the action of strong glycerin used after iodine
had detached the tail, but the results were indecisive.

This species is particularly interesting as exhibiting decided supero-
inferior asymmetry, the superior valve being conspicuously more con-
vex, and the supero-median cornu projecting farther forward. It is
also important to note that the tail is not a shell process, but is, on the
contrary, an independent structure with distinct optical and chemical
characters.

76. Myxobolus sp. incert.
Psorosperms of Coregonus fera, Clapardde, 1874, in Lunel’s Hist. nat. des poissons
d. bassin du Léman, p. 114.

Cyst.—A single one seen, 1 mm, in diameter; contents entirely differ-
ent from those of the other branchial cysts, approximating to, without
being perfectly identical with, those of the cysts of the muscles of the
same fish.

Myxosporidium unknown.

Spore.—Distinguishable from those of the muscle cysts by their
shorter and usually single tail, which, however, in a great number of
individuals was bifurcate at the extremity.

Habitat.—Branchial arches of Coregonus fera.

77. Myxobolus of. linearis. Pl. 83, figs. 5-8.
Cysts of base of dorsal fin of Ameinrus melas, Gurley, 1893, Bull. U. 8. Fish
Com. for 1891, X1, p. 417,

COyst.—Subspherical, about 1 mm. in diameter, 7 in number in a row
at the bases of the spines of the second dorsal fin,

Myxosporidium unknown.

Spore—Body lanceolate; length of body, 19 u; breadth, 5 or 6 u;
thickness, about 3 .
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Shell consisting of 2 valves, superior and inferior in position; ridge
present, forming continuation of tail. The tail in this species is a
shell process, consisting of 2 halves, a superior and an inferior, each
connected with aud forming a solid process of the corresponding valve.
Length of tail, 38 s, Valves separating very slowly in sulphuric acid
(cold, concentrated), the gradual lateral shifting of one valve over
another beginning within a few minutes and continuing for 20 or 30.
Coincidently the two tail halves diverge, serving well as indices of the
amount of lateral shifting of the valves. Iodine fails to loosen the
connection of the tail (or of either half) with the valves.

Capsules long, narrow, parallel-appressed; capsular index about 040;
walls rendered transparent and filaments visible by iodine water.

Sporoplasin showing the usual anterior extension of the supero-
median cornu. The other cornua are also recognizable. Vacuole pres-
ent, subcircular in outline, usually placed toward the anterior end of
the sporoplasm. As regards nuclei, hydrochloric acid alcoliol carmine
always stains as many as and usually 2, rarely 3; position inconstant,
one or both being cither before or behind the vacuole. In addition,
there are constantly present, at or close to the extreme posterior end
of the sporoplasm, 2 deeply stained dots, which are too minute to show
any structural details.

Habitat.—7 or 8 cysts at bases of the spines of the second dorsal fin
of Ameiurus melas Raf. (bullhead) from Storm Lake, Iowa, collected
August 23,1890,by rof, Seth E. Meek, to whose kindness I am indebted
for the specimen,

This species can only be compared with the next. The following
summarizes Miiller’s seanty diagnosis of that form:

Body very narrow, 3 to 4 times as long as broad; capsules parallel-
appressed ; tail simple, occasionally double,

The present species answers to all of these characters, but they are
too few to warrant the fusion of the two forms, although their identity
may be strongly suspected. If established, their identity would con-
stitute a very interesting fact, both in zoological and in geographical
digtribution, for we should then have a species found (so far) confined
in its zoological range within the Siluride and with a very wide geo-
graphical distribution,?

'For the geographical distribution (in South America) of R. scba and of P, fasciatum,
see Eigenmann & Eigenmann, Revision So. Amer. Nematognathi (Oceas. Papors Calif.
Acad. Sci., San Frane., 1890), pp. 123, 209. Cousidering the names used by Milller,
the date of his writing, etc., it seems rather probable that his localitics wore thoso
known to Cuvier und Valeuciennes (1840), viz, for L. scbw, Burinam, Cayenno, Rio
Janciro, Buenos Ayres, and for P. fasciatum, Surinam. .
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78. Myxobolus linearis Gurley, 1893. Pl. 36, fig. 2.
(Psorosperm of Pimelodus scbaand of Platystoma fusciatum, Mitller, 1841, Miiller’s
Archiv., p. 489, pl. 16, fig. 10; ib., Miiller, 1843, Rayer’s Arch. do Méd. comp.,
pp. 228-229, pl. 9, fig. 10; ib., Robin, 1853, Hist. Nat. d. Végét. Parasites, p.
300, pl. 14, fig.11.)
Myzobolus lincaris, Bull. U.S.Fish Com. for 1891, x1, p. 417; ib. of Pimelodes
[error] otc., Braun, 1894, Centralbl. f. Bakt. u. Parasitenkde, xv, p.87.

Cyst not described; myxosporidium unknown.

Spore.—Body very narrow; length,3 to 4 times breadth; capsules
parallel-appressed, in contact along their entire length; tail simple,
occasionally double.

Habitat.—Cysts in membrane lining branchial cavity of Rhamdia sebee
Cuv. & Val.; cysts on branchial lamelle of Pseudoplatystoma fusciatum
L., from South American rivers.

79, Myxobolus schizurus Gurley, 1893. Pl 36, fig. 1.

(Psorosperms of Lsox lucius, Miiller, 1841, Miiller’s Archiv., pp. 477-478, pl. 16,
fig. 1; ib., Miiller, 1843, Rayer’s Archiv. de Méd. Comp., 1, pp. 219-222,
pl. 9, fig. 1; ib., Dujardin, 1845, Hist. Nat. des Helminthes, pp. 643,644; °
ib., Robin, 1853, Hist. Nat. des Végoét. Parasites, p. 202, pl. 14, figs. 2, 8;
ib., Lioberkiihn, 1854, Miiller's Avehiv., p.5; ? ib., Thélohan, 1890, Compt.
Rend. hebdom Soc. Biol. Paris, 1r, p. 604; ib., Weltner, 1892, Sitzgsbor.
Ges. Naturf. Freunde Berlin, pp. 29-35.)

Myzxobolus schizurus, Bull, U. 8. Fish Com. for 1891, X1, p. 417; Myxobolus sohio-
zurus [error] Braun, 1894, Contralbl. f. Bakt. u, Parasitenkde, Xv, p. 87.

Cyst.)—Whitish, 0-44 to 1-09 mm. (}~3"") in diameter, membrane deli-
cate, contents white, unaffected by water, consisting of finely granular
matter and spores, the latter motionless,

Myxosporidium unkunown.

Spore.—Body oval, double contoured, resembling and about the same
size as the oval blood corpuscle of the fish; length 12 u (0-0054'),
breadth 6 (7 x Robin; 0:0026'), thickness about one-half the breadth;
border flattened-rotund, marked by a ridge which extends forwards on
either side of the shell, projecting slightly in front; tail stout at origin,
attenuating gradually, 3 to 4 times length of the body, not articulated,
very frequently (probably as a rule) bifurcate at the tip, or for more
or less of its length, Untailed forms very rare; capsules 2, of equal
size, always diverging posteriorly; remainder of shell cavity filled with
a transparent, rarely granular substance, differentiated by refraction
from the shell substance. .

Habitat.—Encysted in the orbit (never found elsewhere) in the cellular
tissue of the eye-muscles, in the sclerotic, and between the last and the
choroid of young Lucius lucius L. (pike) in May and June. Found in
only about 10 per cent of the fish examined. Miiller failed to find this
disease in the North American pikes examined.

!These cysts are not to be confounded with similar white ontozoan cysts. .The
latter ure of more frequent occurrence in the orbit than the myxosporidian oysts.
They are smaller in size (about 0-50 to 0:66 mm.) and have thick walls. Under the
microscope the entozoan can be seon moving with transverse wrinklings of its oyst.
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80. Myxobolus psorospermicus Thélohan, 1892. Pl. 34.

(Psorospernas of Perca fluviatilis, Biitschli, 1882, Bronn’s Thier-Reich, 1, pl. 38,
fig. 16; ib., Balbiani, 1883, Journ. de Microgr., viI, pp. 201, 203, fig. 42;
psorosporms of Fsox luoius, ibid., pp. 201-2, fig. 41; ib., Balbiani, 1884, Légons
sur.les Sporozoaires, p. 132, fig. 37; psorosperms of Perca fluviatilis, ibid.,
p. 133, fig. 38; ib., Lankester, 1885, Ency. Britan.,9 ed., X1X, p. 855, fig, XVII,
43, 44; ib., Thélohan, 1889, Compt. Rend. Acad. Sci. Paris, cIx, p. 604; ib.,
‘Thélohan, 1890, Annal. de Microgr., 11, pp. 202, 207, 211, figs. 5-7; ib., Thé-
lohan, 1890, Compt. Rend. hebdom. Soc. Biol. Paris, 11, p. 604 ; tailed pso-
rosperms of pike, ibid.; psorosperms of Perca fluviatilis, Pfeiffer, 1890, Die
Protozoen als Krankbhoitscrroger, 1 ed., p. 43; ib., Pleiffer, 1891, ibid., 2 ed.,

. 130.

ch'}:cguya)psoroapcrmica, ! Bull. Soc. philomat. Paris, 1v, pp. 167, 176.

Myzobolus psorospermica Gurley, 1893, Bull. U. S. Fish Com. for 1891, xI1, p. 418.

Henneguya psorospermica Braun, 1893, Centralbl, Bakt. u. Parasitenkde, x1v,
). 739,

Myz:})bolua psorospermica, Braun, 1894, Centralbl., Bakt. u. Parasitenkde,xv,
p. 87.

Cyst and myxosporidium not described.

Spore.—Anterior extremity obtuse; length, 35 to 40 . (Thélohan,
1892; 36 4, Balbiani for spore of Lucius; 30 s, Thélohan, 1890, for spore
of Perca); breadth, 4 4 (Thélohan, 1890). Tail curved close against the
body during development, becoming straight only after the rupture of
the pansporoblast membrane; caudal inflex, 1. Capsules, 6 to 8 u in
length. Maximum number of nuclei, 3; vacuole present (Thélohan,
1890).

Habitat.—Branchi® of Lucius lucius L. (pike) and of Perca fluviatilis
(yellow perch).

Remarks.—In view of Thélohan’s positive statement as to the identity
of the forms habitant on the branchim of L. lucius and P. fluviatilis, 1
believe we are justified in referring all the forms figured to one specics,
although fig. 34 (pl. 4) differs somewhat from the rest.

81. Myxobolus kolesnikovi Gurley, 1893. Pl. 35.
(Psorosperms of Coregonus, Kolcsnikoff, 1886, Vet. Vestnik Kharkoff, v, pp.

242-248, plate, figs. 1-3.) ,
Myzxobolus Lolesnikovi of Coregonus fera [error],® Bull. U. 8. Fish Com. for 1891,
X1, p. 417.

Cyst.—Numerous, sometimes as many as 80, length 10 to 30 mm.,
breadth 7 to 20 mm., spherical or oval, bean-shaped, yellowish-white,
surface of cyst-wall smooth and shining, membrane of the thickness of
a cigarette paper, rupturing by the slightest pressure of the forceps.
Contents thick, yellowish-white, creamy, consisting of spores and an
oily substance.

!4“One finds on the branchim of the pike and of the perch a myxosporidian abso-
Intely identical in the two cases and which it is certainly necossary to consider as
constituting bnt a single species” (Thélohan.)

The words ‘‘ Psorospermies de J. Miiller” wore evidently attached to this species
inadvertently, Miiller knew no species on the branchis of L. lucius. In this fish
he observed them only in the orbit.

2 Kolesnikoff does not mention any species,
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Myaosporidium.—The following may refer to this stage. To me it is
Tather obscure:

.Betwocu the tailed spoves wore found in great numbers protoplasmic bodies of the
Stze of a blood corpuscle or smallor, which wero round and contained “somen”’
(fﬂporus). The protoplasn of these bodies was seminal (¥sporigenons), The nucleus
Was sharply defined and contained several semina (2graunles). '

Spore.—Round or oval with a sharp anterior end; shell double-con-
'(.0111'ed; substance homogeneous, texture reminding one of chitin, unaf-
fected by acids and by alkaline hydrates; capsules 2, anteriorly placed;
filaments gradually extruded under the influence of gentle heating.
By means of staining with fuchsin or methylen blue performed after
Warming, there appeared in the spore a sharply defined “ nacleus?”. Tail
_Sillgle or double, consisting of a substance similar to the shell, thick at
1ts origin, attenuating graduaally to its free extremity; shape similar to
that of the tail of M. psorospermicus as figured by Biitschli

Micro-chemistry.—Fuchsin and methylen blue stain the spores and
the extruded capsular filameuts, but not the shell or the tail.

Habitat.—Cysts irrcgularly distributed in the interstitial connective
tissue of the thoracic and intercostal musecles of Coregonus, Loosely
united to the surrounding muscular tissue by spongy connective tissue
and easily separable therefrom by its rupture.

As to the relation of this species to the next, see next page.

82, Myxobolus sp. incert.
Psorosperms of muscles of Coregonus fera, Claparddo, 1874, in Lunel’s Ilist. nat.
d. poissons du bassin du Léman, p. 113.

Cyst.—Five in nuinber, varying in sizc from that of a filbert to that
of a small walnut. Characters constant. Countents, a milky fluid or
(from resorption of the more liquid portions) & caseous mass. This
fluid or sewifluid mass consists of psorosperms in great number, with a
granular protoplasm between them.

Myzxosporidium.—This granular protoplasm is without doubt the
Temains of the amamba at the expense of whose protoplasm, and within
Which, the psorosperms were formed. The protoplasm in fact contains
“vacuoles” (pansporobkists) which in the beginning are destitute of
Proper walls, but which form the point of departure for psorosperm
DProduction. The examination of one tragmont of protoplasm is sufficient
toshow all transitions between the simple vacuoles ( pansporoblasts) and
tho vesicles containing the 2 oval corpuscles [capsules] characteristic
of the psorosperm, and a third corpuscle, whence will be derived the
“blastema” (sporoplasm) which fills the posterior part of the body of the
Dsorosperm. It is only a step from these vesicles to the imperfectly
developed psorosperms disseminated through the protoplasm. Theso
lagt already show all essential traits of the fully developed psorosperm

' Broun’s Thior-Reich, 1882, 1, pl. 38, fig. 16,
F 0—17
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except that the 2 tails are still short and distant fromn each other at their
origin. Besides they show an extreme transparency, their degree of
refringency being very inferior to that of the psorosperm, thus easily
escaping search in the midst of the very similarly refringent protoplasm.

Spore.—Characters constant; body lenticular; length, 8 to 10 4 tail
not merely bifurcate, but double from the base, this feature, however,
being only recognizable in a portion of the profile, as when the spore is
seen {rom the face one tail exactly covers the other; capsules 2, ovoid.

Habitat.—Encysted in the museles of Coregonus fera,

Remarks.—Very probably this formn should be correlated with the
preceding; but as Kolesnikoft' has given no measurements and Clapa-
réde no figures, it is thought advisable to vefrain from fusing them.

83. Myxobolus? diplurus Gurley, 1893, Pl 36, fig. 4.
(Psorosperms from kidney of Lota vulgaris, Biitschli, 1882, Bronn’s Thier-Reicl,
1, pl. 38, fig. 21; ib., Lankestor, 1885, Lneyel. Britun., 9 ed., X1X, p. 853,
fig. xvir, 42.)
Myzxobolus diplurus, Bull., U. 8. Fish Com. for 1891, x1, p. 418; ib., Braun,
1884, Centralbl. f. Bakt. u. Parasitenkde, xv, p. 87.

No description. It Biitschli’s figures are to be depended upon, this
speeies is ab once distingunished from all others of the genus by the
posterior position of the capsules.

Habitat.—Kidney of Lota lota L. (ling).

Fam., CHLOROMYXIDAS Gurley, 1893.

(¢ Chloromyxdées,” et “ Myxidides ” (pars), Thélohan, 1892, Bull. Soc. philomat.
Paris, 1v, pp. 173, 176; Chloromyxen {'T'hél.] Braun, 1893, Contralbl, f.
Bakt. u. Parasitenkde, x1v, p. 739.)

Chloromyride, Ball, U. 8. Iish Com. for 1891, x1, pp. 412, 418; ib., Brann,
1894, Centralbl. f. Bakt. u. Parasitenkde, xv, p. 87,

Definition.— Phewnocystes destitute of antero-posterior, but possess-
ing bilateral symmetry; ' eapsules in 1 group at the anterior end; a
bivalve shell, the plane of junction of whose valves is perpendicular to
the longitudinal; * no vacuole; type geuus Chloromyxrum,

Vacuole—Thélohan® is authority for the statement that this
structure is absent from the sporoplasm of the Chloromyxide as here
constituted. My observations on C. (8.) oklmacheri confirm this.

Pigment.—Leydig (see p. 260) notes in- the myxosporidium of C.
leydigii a yellowish coloration which he attributed to bile-staining.

Mingazzini* also mentions this coloration, but does not commeut upon
its origin.

tImperfoet from unilateral position of sporoplasm in Ceratomyxa.

2 An oxamination of C. (8.) oklmacheri has confirmed the opinion hazarded in &
former paper (Bull. U, S. Fish Com. for 1891, X1, p. 412), that in the Chloromyzid®
the valve-junction plane is the vertical.

3 Bull, Soc. philomat. Paris, 1892, 1v, p. 173,

¢ Boll, Soc, Nat, Napoli, 1890, 1v, p. 160,
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‘ Finally Thélohan’s observations on Ceratomyza spharulose (pp. 76,
217) indicate that perhaps a proper pigment (and not merely an extra-
lieous one, as hematoidin) may exist in this genus,

VI. CHLOROMYXUM Mingazzini, 1890.

Etymo]ogy not given.

Boll. Soc. Nat. Napoli, 1v, p. 160; ib., Thélohan, 1892, Bull. Soc. philomat.

Paris, 1v, pp. 173, 176; ib., Gurley, 1893, Bull. U. 8. Fish Com. tor 1891,

X1, pp. 411, 412, £18; ib., Braun, 1893, Contralbl, f, Bakt. u. Parasitonkde,

X1V, p. 739; ib., Braun, 18M, Centralbl. f. Bakt, u, Parasitenkde, xv, p. 87.

Definition.—Chloromyxide with subspherical or ovate spores, whose

readth does not much exceed the length; valves hemispherical; spo-
Toplasm bilaterally and symmetrically situated; type C. leydigii.

Synonymy.—By reference to table on page 115, it will be seen that
Spharospora and Myrosoma differ in none of the characters there given,
?}10 genera at present resting solely upon spore-form. This is entively
Insufficient to warrant the retention of both genera, especially as any
Teason which would justify the generic separation of the ovate from
the subspherical bicapsulate spores, would equally justify a similar
Separation of the ovate from the subspherical quadricapsulate spores.

From Chloromyrum the Spharospora-Myxosoma section has indeed
the additional character of 2 capsules as opposed to 4 in Chloromyzum
Proper. I have already given (p. 115) my reasons for regarding the
number of the capsules as a character secondary in importance to their
grouping and position. Sphewrospore (including Myxosoma) is therefore
here accorded subgeneric rank.

CHLOROMYXUM, gens. sirict,

Definition.—Quadricapsulate Chloromyxa; type . leydigit,

93. Chloromyxum incisum Gurley, 1893.! Pl 37, fig. 1.
(Psorosperms of Raja batis, Leydig, Miiller’s Archiv., 1851, pp. 225-6, 234, pl.
8, fig. 4a-f.)
Chloromyxum incisum, Bull. U, 8. Fish Com. for 1891, x1, p. 419; id., Braun,
1894, Centralbl, f. Bakt. n. Parasitenkde, xv, p. 87.

Cyst unknown.

Myzosporidium.—Biliary-yellow, mostly roundish or somewhat elon-
8ate, 29 to 88 u (*0135--0405') in diameter, without or with 1to 4 pan-
Sporoblasts ( Tochterblase), most of which last contain spores. As in
the spore of Squatine squatina (M. leydigii), the sporoblasts increase at
the oxpenso of the other portions of the cell contents until they nearly
fill the cell (fig. 1e, f).

Spore—Sharply cuneate-ovate, posterior border radiate-incised (caus-
ing it to resemble a radiate-ribbed Lamellibranch shell); capsules 4,
Situate anteriorly, converging.

Habitat.—Free in gall bladder of Raja batis L. \skatc)- present in
great numbers,

! Concerning the relation betweon this species and the next, seo the latter, under
Synonymy,
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‘

94. Chloromyxum leydigii Mingazzini, 1890. - Pl 37, tigs. 2-7; pl. 38; pl. 39

figs. 1-3.
| :
St,?x?:?. l Spinax l Torpedo "C\]linml
angelus vulgaris nulko mnu ula. : Hagio-
“psorn-' ‘“paoro- | ‘*psoro- ' **psoro- | leydigit. Lt;” ;. l)ute Authority ; reforence.
aperms”’ spermg' | aperms " apering” |
of. of. of. | of, | |
I |
x1 | x1 X3 X4 deveeene e, " 1851 ! Leydig, Miiller's Archxv PD-
i I I : i 224-5, 233-4, 8, figs. 1-3, 6.
.......... | | P P 1852 1 Leuckart, Archiv. f ﬂnnml
| | i chlkdc X1, p. 435, plato, fig.
| ! : !

.......... '! i Chloro- ... ..... )800 ’ Mmgnzzhn. Boll. Soc. Nat.
i : ! myxum Napoli, 1V, pp. 160-4.
.......... L e el My o 1801 | Perugia, Boll Scientif., Pavia,
i | :' sporid- LX) 23, figs. 1. 6.

! ! | }nm. H I
.| eveceesst Chloro- | Xyxo- ' 1892 | ‘F'hcloban, Bull. Soc. philomat.
| imyxam, |aporid- Paris, IV, pp. 166, 169, 170,
! ! wm. - 173, 170.
.................... feesvensens]ianeeeees! Chloro- [........ 1893 | (urley, Bull. U. S. Fish Com.
| | nyxum. ] for 1891, XI, Yp 418-19.
....... ceieniecenais iieeeenidiciiiien,, Chloro- [........ 1803 Bruun, Centralbl. f. Bakt. u.
| | myxum, ' Parasitenkde, )\[V P, 733-9.
.......... I.. P Chloro- loeee....” 1804 Braun, Centralbl. . Bakt. u.
i | Canyxum, : | | Parasitenkde, XV, p. 87.
\

' Loydig's description is as follows (p. 233, pl. 8, fig. la-f): Myzosporidium (developmental stages).
(1) Roundish myxosporidia (Mutterblase), 20p to 1184 (:0135 to -0540' ) with a thin membrane and
yellowish semifluid contents, containing a massof yellow granules conocentrated toward the contor,
leaving a granule-free border (fig. 1a). (2) Other myxosporidia of the snme size contain, in addition,
soveral transparent pansporoblasts (Zochkterblase), whose number varies with the aize of the myxo-
sporidium, the smaller having hut 1, tho largeat as many as 6. (3) Othor myxogporidia show spores
in the sporoblasts, always Uin oach (fig. l¢, d). (4) In the later stages the sporoblasts become very
large, nearly filling the myxosporidium, and separated from its mombrane only by a zone which
represents a greatly diminished state of the granular mass. Yellow enlor due to the absorption of
bile pigment. 'That the paneporoblast membrane is impervious to this pigment is shown by the
upstained condition of the latter. Spore: Sharp-coutoured, untailed, acute cuncate-oval, anterior
oxtremity pointed. Capsules 4, siturted at tho anterior end. Free spores also occur. Habitat: Free
in gall-bladder of Squating angelus.

2The form found in gall-bladder of Acanthias (Spinax) vulgaris i8 (fide Perugin) reforablo to this
species. Leydig's description is as follows (pp. 224-5, 243, pl. 8, fig. 2):  Myzosporidium: Visiblo to
naked oye, similar to that of Squatina angelug excopt that the appearauce is more varied; round,
vermiform, and retort-shaped forms occurring; frequently 2 or 3 round forms are united resembling
asegmenting ovum; no moverents or pansporoblasts seen. Habitat: Freo in gall-bladder of Spina®
vulgaris.

8 Loydig's description (pp. 225, 233, pl. 8, fig. 3): Myzosporidium (developmentalatages). (1) Large
(29 to 118u; 0135 to +0540 ") yellow club-shaped protoplasmic masses of samo genoral charucter as in
Squatina angelus; pansporoblasta absent from this atage. (2) The large ycllow masaes contain
much smaller (15x; -00675/") colorless vesicles with granular contents, the latter mostly heaped
together. (3) A transparent pansporoblast is visible through the finely granalar contonts. On addi-
tion of sodinm hydrato, spores becomne visible in it. Numerous free apores are also seen. Habitat:
Free in gall-bladder of T'orpedo narke.

4 Loydig's description (pp. 225, 284, pl. 8, fig. 6): My:conpondmm Sizo 20u to 147w (10135 to -0675/ )5
shape, roundish, elongated, retort-shaped, or vermiform with clubbed ouds. Many show only
membrane and contents; others show well-developed pansporoblasts, sometimes 28 many as 12, eaoh
containing 1 apore. Habitat: Froeo in gall-bladder of Seyllium canicula.

8 On the page cited, Leuckart virtually says that his figure is ** after Loydig,” and a comparison
with figs. 2a,, 2a, (plate 30) shows it to bo a generalized composite from them.

Concerning the synonymy, Mingazzini says:

All those examined by me in the various species of the Plagiostomi (Torpedo, Scyl-
lium, Squatina, Trygon, Raja, Mustclus, Pristiurus, cte.) bolong to the same specios.

There is, however, in Mingazzini’s paper ahnost nothing to show that
he studied the spore at all. Only a single sentence refers to the
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8tructure of the spore, viz, ¢“Ilts theca shows an oblique striation in
two contrary directions.,” Moreover, he unfortnnately fails to indicate
the species of fishes which he examined.!

) Perugia, however, has given a list of the species of fishes he exam-
Med, which includes 2 species investigated by Leydig. He says:

While Leydig had observed that certain spores were strinted and others not,
Mingasztni says that the strims are common to all, and is of opinion that there is
“Question of but a single specios, an opinion which 1 believe to be correct.

In deseribing Chloromyzum leydigii, Thélohan? says it has

.Gl'e:u‘. striwe upon tho shell, whicl, in passing round the posterior part of thespore,
8lve it n toothed appoarance,

1t is thus evident that he includes with the present species €. incisum.
As there is nothing, however, anywhere in the literature to show that
he himself ever studied the spores of C. incisum, it is very probable that
this statement is only intended as representing the consensus of opinion,
that is, Mingazzini’s and Perugia’s views.

As regards Mingazzini’s, we have (1) no cvidence that he ever
Cxamined the gall bladder of Raja batis, and (2) only the very loose
Statement given above (which practically amounts to nothing), so that
hig opinion that there is but one specics is a mere dictum, and even that
does not necessaril ¥, as far as the record shows, refor distinetly to this
Case, .

Turther, although Perugia notes the discrepancy between Leydig’s
and Mingazzini’s observations and ranges himself with Mingazzini, it
appears that he did not examine the gall bladder of Raja batis, and the
general statement that “the striz are common to all” seems to me too
Jague to warrant the fusion of 2 such distinet spore-forms as those here
Separated as Chloromyzum leydigii and O, incisum. Until distinet and
detailed comparisons between the spores habitant in the gall bladder
of Raja batis and those habitant in the gall bladders of the other
.’lag‘iostomcs shall have been made and properly recorded, the specific
Identity of the 2 forms can not be admitted.

Myxosporidinvm.*—Ixamined in the bile they have the form of true
Dlasmodes, consisting of & diversely ramified, yellow globular proto-
blagm, movements exceedingly slow, A few minutes after being placed
On the slide they suddenly undergo modification, throwing out an
Cxternal layer of colorless refracting protoplasm, which (especially at
the extremities of the individual) suddenly protrudes ftiliform thin
bseudopodia, which soon become more robust. They also modify their

"In this connoction the fllowing judicious criticism of Perngin’s upon Mingaz-
z.i"i’s work may be quoted: ¢ Ho had an opportunity to malke intoresting observa-
tloms, but he might well have set them forth in grenter detail in his paper, espocially
8 regards the vavious phases of formation of the spore, which he affivms he ob-
Served taking place in the vacuoles designated by Loydig as daughter-cells” [pan-
Sporoblasts].

fBulI. Soc. philomat. Parvis, 1892, 1v, p. 176.

*Description, Mingazzini’s,
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form, becoming globular or more or less ellipsovidal. [t is important t0
note that in some individuals the entire protoplasm is transtormed,
changing from globular and yellow to spongy and colorless, the several
globules disappearing almost in an instant, changing directly into clear
protoplasm, not growing. smaller, as might be thought. This shows
how rapidly the protoplasm may change its constitution. Nucleus not
found either in fresh material or in that treated by hydroebloric of
acetic acid. Anilin stains only show here aud there deeper colored
granules, which, however, could not have the signification of nuclei.

Relative to the nuclei, Thélohan, however, says:

In the myxosporidinm of Chloromygrum leydigii, asin tho other forms, I havebeen able
to prove the presence of numerous nuclei; they arve, indeed, of rather small gize, bub
nevertheless are casily recognized in sections, and if, as is probable, Mingazzini di
not observo them, he did not have recourse to this method.

« Gregarinoid forms?—In some gall bladders of the plagiostomes;

‘Mingazzini found in summer also other forms of a Very different figureé,
which were often united to the myxomycetous forms. These forms weré
uniformly cylindric-elongate, with one end obtusely rounded and the
other drawn out to a sharp point in the form of a long tail four or five
times as long as the body, sometimes multiple. Size varying greatly:
no very small ones scen; large ones equaling the size of adult myxospo-
ridians. Movements rather rapid, always taking place blunt end fore-
most. Protoplasm hyaline, or showing round hyaline globules arran ged
in regular longitudinal rows. Many contain a subcentral nucleus:
Anteriorly the protoplasm contains rather numerous small, strongly
refracting granules. This form thus resembles a monocystid Gregarin
but possesses peculiavities which differentiate it therefrom. For, first
an external membrane is wanting, as shown by negative microscoptc
investigation and by the protrusion (in individuals kept for many
hours on the slide) from the blunt end of thin pseudopodia, whicl
bear a great resemblance to those emitted under the same condition®
by the Myzosporidia; and, second, no kuown monocystid possesseS
such a whiplike tail. Besides these forms others occur, which, while
resembling in figure the preceding, have their protoplasm more or les8
charged with yellow granules resembling those of the adult Myxosp?
ridia. Between these and the Myzosporidia are found other forms
departing for the most part by more profound alterations of form fro
the first ones. Further, the more advanced gregarinoid forms, w,lli(’]1
possess refracting hyaline globules, take on the character of moré
adult forms, transforming their hyaline globules into yellow globules
Trom what precedes we thus see that the gregarinoisl forms are phases i
the development of the myxosporidia of the plagiostomes [italics his ownJ:

Commenting upon this view, after noting that Mingazzini remarked
that these views of the development of the Myzosporidia (i. e., via tho
«gregarinoid forms”) did not accord with those held by Lieberkiihn at
Balbiani, Perugia' says that his own observation of the exit of the

1 Boll. Scientif., Pavia, 1800, x11, pp. 188, 139,
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ameeboid sporoplasm {rom the spore (sce below) causes him to support
the opinions of Lieberkiihn and Balbiani. Unfortunately, however,
he adds the following:

Finally, also, the observations of Thélohan upon the failure of the filaments in
the capsules of many spores is not favorable to the mode of view of Mingazzini,

ere again we have the ribbonettcs and the capsuler filuments con-
founded, another instructive warning against the application of the same

Dame to two cntirely different structures (see also p. 87).

Perugia further remarks (p. 138) that it the ¢ gregarinoid forms” be
regarded as larval stages the adult formns represent a retrogression,
inagmuch as the ¢ gregarinoids” with a nneleus and the protoplasm
regularly disposed, need only a cuticle to be monocystids, while the
adult stages, destitute of a nucleus and with the protoplasm never
regularly disposed, are much farther removed therefrom. Perugia wis,
however, unable to find any such * gregarinoid forms.”

Kruse, however, says:

Very interesting is an observation of Mingazzini’s, which the author can confirm.
In the gall bladder of the Selachians are found, besides typical Myxosporidia, long-
drawn-out, tailed bodies, which move in Gregarino fashion, but which, on the other
hand, are connected by manifold transitions with the amceehoid forms,

Spore formation.—Rapidity of spore formation is truly extraordinary,
most of the individuals having spores formed or in course .of formation
in less than 15 minutes, At undetermined points in the endoplasm (in
the niddle or near the periphery) appear round vacuoles of clear proto-
plasni, which, like the ectoplasm, originate by a rapid transformation
of the yellow protoplasm. This vacuole presently acquires an eunvel-
oping membrane, and within it is formed the spore. Its theca shows
an oblique striation in two directions. Spores may arise in individuals
whose protoplasm is little modified, i. e., almost entirely composed of
yellow granules, the spores being then inclosed in a membraue, round
in form, formed from the yellow protoplasm, and containing also a col-
orless refracting liquid; or the spores may form in colorless protoplasm,
in this case without the enveloping membrane, the spores issuing free

. and floating in the bile. Where, as sometimes happens in the first case,

spores form at the periphery, they form,in growing, a sort of crown
around the individual, and the spore is not set free until the enveloping
mmembrane is well tormed (Mingazzini).

Normally the pausporoblast shows at some portion of its circum-
ference a distinetly semilunar aggregation of protoplasmic granules.
Under the inHuenee ot reagents (o. g., osmic aud sulphuric acids) the
pausporoblist membrane bursts, discharging its contents, and remaining
as o hiyaline empty sac (Perugia).

Spore.—Untailed; caneate-ovate; capsules 4, Perugia saw the oxit
of the sporoplasm fromt a spore of the gall bladder of T. narke. The
large strims on the shell render the posterior border of the shell in con-
tour dentate (Thélohan, 1892; see also p. 261),
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Table of hosts,

i Mingaz- : Latest synonymy by Dr. Common
Leydig. zini.t Perugia. Th(})o(lorc Gill, names.
Mustelus . Galeus BP....ieeeiiaannannn.
.| Galeus mustelus............. Smooth dog-
sh.
Scyllium canicula.l..cocoo..... .| Scylliorhinus canicula L .... Lx:lrgeﬁa tted
ogfish.
Scyllium..|.. ...| Scylliorhinus 8p......ccceun. €
. . I Scylliorhinus stellaris .......
Pristiuras Pristiurus melanostomus Bon
Spinax vulgaris .. |............ .l Squalus acanthias L......... Spiny dogfish.
Squatina augelus .|............ Squatina squating L......... Angel-fish,
Squatina . ..| Squatinasp ............. .
Torpedo narke....[............ .| Torpedo torpedo Gmel.......| Electric ray.
Torpedo .. Torpedo 8P «ovvnveiannennnnn.
.! Torpedo marmorata .
[Rajs batis ;)]
Skate.
Raja clav “Thornback.
Trygon ... Dasyatin 6p. Stingray.
AMyliobatis nquila...| Cophaleutherus aquila.......| Eagle ray.

* By an evident misprint (rinvenne instead of rinvennt; ‘‘he found” instead of **Ifound’’) Perugia
(Poll. Scientif., Pavia, 1800, X11, p. 136) states that Leydig, instead of I'erugia himself, found this forn

in tho series of hosts examined by Perugia.
t Mingazzini gives nothing but the generic name of the host. As there is nothing to indicate tho

idcntity of the species of hosts with those examined by the other authors, they are noted separatoly.
+'T'his upecies I roegard as distinet (sce p. 261).
95, Chloromyxum fluviatile Thélohan, 1892. Pl. 39, fig. 4.
Bull. Soc. philonat. Pavis, 1v, pp. 173, 176, fig. 2; ib., Gurley, 1893, Bull.
U.S. Fish Com. for 1891, x1, p. 418; ib., Braun, 1893, Centralbl. f. Bakt. u.
Parasitenkde, X1V, pp. 738, 739; ib., Braun, 1894, Centralbl. f. Bakt. u. Para-
sitenkde, xv, p. 87.

Cyst none.
Myxosporidium.—The ectoplasm emits lobed pseudopodie. Endo-
plasm, wlen young, colorless; when older, yellow; color appearing not

to be located in speeial spheres.
Spore formation.— Number of spores formed- in each myxosporidiam

indefinite.

Spore.—Nearly regularly spherical; size about b to 7u; shell bivalve;
bearing small, often difficultly visible, spines; ridge present; capsules
4; sporoplasm nonvacuolate.

Hubitat, — Gall bladder of Leuciscus (Squalius) cephalus L.

This species is apparently rather rare; seen only twice; it is nearly
related to C. leydigit (Thélohan).

96. Chloromyxum mucronatum Gurley, 1893. Pl. 39, figs. 5, 6.

(Psorosperm of Gadus lota Licberkiihn, 1854, Miiller’s Archiv., pp. 352-3,
368, pl. 14, figs. 5, 6; ib., Licborkiihn, 1854, Bull. Acad. Roy. Belg., xx1, pt. 2,
P- 22, name only; ib., Leuckart, 1879, Parasiten des Menschen, 2 od., p. 248,
fig. 99a; ib., Biitschli, 1882, Bronn’s Thier-Reich, 1, pl. 38, fig.17; ib., Bal-
biani, 1883, Journ. de Microgr., VII, pp. 201, 203, fig. 45; ib., Balbiani, 1884,
Légons sur les Sporozoaires, pp. 130, 133, fig. 41;? ib., Leuckart, 1886, Pura-
sites of Man, 2 ed., p.197, fig. 99a; ib., Koch, 1887, Encyklop. d. gesammt.
Thierheilkde u. Thierzucht, 1v, p. 94, fig. 668, 3.)

Chloromyzum mucronatum, Bull. U. 8. I"ish. Cow. for 1891, xI1, p. 419; b., Braun,
1894, Centralbl. f. Bakt. u, Parasitenkde, xv, p. 87.

1 See also below, under C. clegans (p. 266).
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Myzosporidium.—The largest attaining 75 u (5" Lieberkiihn), the
8mallest the size of a blood corpuscle; spherical or ellipsoidal, more
rarely irregular, membraneless, containing irregularly scattered fat-like
globules,

Spore formation.—Many myxosporidia appear destitute of fat gran-
ules, but show a large number of structureless gelatinous globules;
other myxosporidia show partly the same globules, partly similar ones
of the same size containing 4 capsules whose apices are approximated.
Many globules show only faint indications of such capsules. Sometimes
2 such globules occur inclosed within a common structureless mems-
brane. Besides these, developed psorosperms oceur, both individually
and in heaps, held together by a mucoid substance.

Spore.—Sharp-contoured, subglobular, mucronate anteriorly; length
ad max., 8 u; capsules 4, converging auteriorly.

Habitat.—TFree in urinary bladder of Lota lota L. (ling). Found in
about 20 per cent of the fishes examined. )

Remarks.—Lieberkiihn emphasizes the striking resemblance between
this species and those deseribed by Leydig from the gall-bladder of the
Plagiostomes (Clhloromyzum leydigii and C. incisum). He notes, how-
ever, that C. mucronatum differs from Leydig’s forms in the absence of
2 membrane around the myxosporidium, and in the absence of the pan-

. 8poroblastic vesicles (Leydig’s Tochierblase). From later researches it
is easy to interpret Licberkiihn’s results in harmony with those of Ley-
dig, as the vesicle stage of the pansporoblast is merely a later stage of
the gelatinous globules of the above description (see pp. 81, 286).

SUBGEN. SPHAROSPORA Thélohan, 1892,

Etymology not given.
Bull. Soc. philomat. Paris, 1v, p. 175; Myrosoma et Mixosoma!, ibid., p.175;
subgen. (including Myrosoma aud Mizosoma) of Chloromyxum, Gnrley,
1893, Bull. U. 8. Fish Com. for 1891, x1, pp. 411-412, 418-419; Spharoespora
et Myzosoma, Brann, 1893, Centralbl. f. Bakt. u. Parasitenkde, X1V, p. 739;
ib., Braun, Centralbl. f. Bakt. n. Parasitenkde, xv, p. 87.
Definition.—Bicapsulate Chloromyxa; type Chloromyzum (8.) eleguns.
Species.—The study which, through the kindness of Dr. Ohlinacher,
I was able to make of C.(S.)ohlmacheri enabled me to recognize 2
other species in the literature which should be referred to this sub-
genus. The first is Balbiani’s spore of Acerina cernua, which I have
named My.robolus perlatus. The median anterior and posterior muero-
hate projections and the median line shown in Balbiani’s figures, can be
respectively interpreted only as the ends and the intervening portion
of the ridge. In other words, the valve:junction planeis vertical. The
aAppearances are identical with those shown by C. ohlmacheri. The
second is Biitschli’s spore of the ovary of Lota lota. Though Biitschli’s
figures represent it as bicapsulate it should be compared with C. muero-
Ratum,

LPype Mrxozoma dnlardind.
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88. Chloromyxum (Spheaerospora) elegans Thélohan, 1892. 1. 40, fig. 1.
(Myxosporidian spoves of Gasterosicus aculealus and G. pungitius (pars), Thélo-
han, 1890, Annal. de Microgr., 11, pp. 193, 200, 203, 209, pl. 1, fig. 1.)
Sphacrospora elegans, Bull. Soc. philomat. Paris, 1v, pp. 167, 175.
Chloromyzum elegans, Gurley, 1893, Bull. U. 8. Fish Com. for 1891, x1, p. 419.
Spharospora elegans, Braun, 1893, Centralbl. Bakt. u, Parasitenkde, X1v, p. 739.
Chloromyzum elegans, Braun, 1894, Centralbl. Bakt. u. Parasitenkde, XV, p. &7.

Synonymy.—In 1890 Thélohan described the present species and .
medius as spores occurring in the venal tubules of G. aculeatus and 1.
pungitius. He remarked that the 2 entirely difterent forms of spore are
found in close association, ocenrring not only in the same kidney, but
side by side in the same tube of the kidney. Their relation to each other
could not be determined, as he was unable to trace them back to the
myxosporidium.

M. Thélohan writes me (1893) that:

In putting an interrogation point in regard to the presence of Spharospora clegans
«in tle kidney of Lota Tota, I had in mind Balbiani’s fig. 41. The spores which that
figure represents are indeed a little less rogularly spherical than those of Spharo-
gpora and present a more pronouncedly attennated extremity, Not having observed
Myxosporidia in the Lotas that I have been able to examine, I do not know whether
theso fish contain exactly the same species as G, aculeatus. The figures of Lieberkiibn
(Miiller's Archiv., 1854, pl. 14, figs. 5, 6) certaiuly do not belong to Sphearospora.
They, in fact, present 4 polar capsules, and are rather near Chloromyxum fluviatile.
Still they form, I believe, a distinet species.

A close study of these figures lias led me to doubt seriously whether
Balbiani’s fig. 41 can be correlated with Chloromyzum (Spharospora)
elegans. The whole question hinges upon the number of capsules in
Balbiani’s spore. The close similarity between his figure and Lieber-
kiibw’s fig. 6, the fact that quadricapsulate forms have frequently
been figured by the authors as bicapsulate, and finally the close
approximation in habitat (kidney and wrinary bladder of same fish ),
all point toward the synonymy given above.

Cyst none; myxosporidium unknown,

Spore.—Round, nearly spherical, untailed, 8 to 10 x4 (Thélohan, 1892;
9 to 12 y, ibid.,1890). Ridge present, terminating in a slight projection
at each end of the spore.

Habitat.—Almost constantly present in the renal tubules of Gasteros-
teus aculeatus (stickleback) and those of Pygosteus pungitius (9-spined
stickleback); ?also in kidney of Lotalota? (ling); ¢ accidentally” pres-
ent in kidney of Phozinus phozinus L., ovary of G. aculeatus and that of
P. pungitius (all fide Thélohan; the last two in a letter to the author,
1893).

Effects.—See p. 248,

! Balbiani does not give the seat. Thélohan cites it as the kidney (fide specimens
in Collége de France?).

*The form habitant here I have reforred to Chloromyzum mucronatum (see that
specics, and the paragraph above in this one).
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89. Chloromyxum (Spheerospora) ohlmacheri Gurley, 1893. Pl 40, fig. &;'pl. 41,
tigs. 1-3.
(Myrosporidia of Bufo lentiginosus Shaw, Ollmacher, 1893, Journ., Amer. Med.
Assoc., XX, pp. H61-7, plate, tigs. 1-4.)
Chloromyzum ohlmackeri, in Whinery, N. Y. Med. Journ,, LVIIL, pp. 660-662,
figure.

Cyst unknown.

Myzosporidium.—No myxosporidium could be detected. From this
Obhlmacher concludes that:

It is probable that, in this case, the parasite did uot reach its adult condition in
its batrachian host, but here only passed one stage of its existence, that s, the spore
stago.

Spore.—Transversely elliptic, about 6 s« long and 8 u broad. Shell
bivalve, valve-junction plaue perpendieular to the longer axis of
the spore; staining with gentian violet (Giram’s method); exhibiting
a well-defined undunlate-parallel longitudinal strintion, the optical
expression of the spiral-coil structure of the shell. Ridge present,
marking the line of junction of the valves. No loosened band (appar-
ently springing, like a loosened barrel hoop, from the uniting edges of
the spore-valves), such as Lutz describes, could be demonstrated.

Relative to the arrangement of the spore contents, Ohlmacher says:

On the side of the pole corpuscles opposite the plasmatic Lody the vacuole
dcenrred. This space was unstained in specimens in which the oxcess of stain had
been washed out; but in overstained spores the vacuole retained the dyo, though
not so strongly as the pole corpuscles and the plusmatic body.

Interpreted in connection with the orientation of the spore, this may
be construed to mean that the contents of the shell cavity consist (from
before backward), first, of a clear, nonstaining space (part of the peri-
cystic space, and of course not to be confounded with the vacuole, which
is intra-sporoplasmic); next, the capsules, and last (and most poste-
rior), the sporoplasm.

Japsules: Lying side by side, 2, occasionally only 1, a condition
explicable, at least in part, Ohlmacher thinks, as spore mutilation in the
technique; length, 3 to 35 u; staining bright red, but showing no evi-
dence of structure with Pfitzner’s alcoholic safranin. Relative to their
position, Ohlmacher remarks that— ‘

"The situation of these polar corpuscles on the side of the spore is peculiar, and in
this respect our myxosporidia differ from those thus far described.

As shown Dbelow, this view is due to a nonorientation of the spore.

In safeanin preparations the bright red capsules were frequently
observed outside of the spores in the tissue of the kidiiey. Whether
these extra-sporal capsules had migrated during life or had been dis-
placed by the technique, it is, Ohlmacher suays, impossible to assert
positively. He continues:

I am of the opinion, however, that the migration of thepole corpuscles is o natural
phenomenon in these organisms, and that it has as much or more weight in the life

1 Subsoquent examination of the spore confirmed this orientation.
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Listory than the migration of ths plasmatic muss usually described. The presence
of many empty capsules! in the sections would lend woight to this view of the
expulsion of the contents of the spore, and in fig. 4o I have represented a capsule!
with a singlo pole corpuscle, which appearoed to be in the act of escaping through a
rent in tho capsule.

Filaments best seen in sections, stained with Babes’s anilin-water
safranin where they stain prominently yellow; length varying consid-
erably, many occurring curled up at the end as though only partly
unwound, measuring when fully projected 6 to 8 times the spore-breadth,
extending far into the surrounding tissues; sometimes dimly visible
through capsular wall; extruded parallel to the shorter (antero-poste-
rior) diameter of the spore.

Sporoplasm varying considerably in size and shape, and sometimes
filling all the extra-capsular portion of the shell cavity; in this con-
dition presenting mno evidence of segmnentation. In other cases less
extensive, being sometimes very small and shrunken,® the sporoplasm
then frequently showing a well-deiined segmentation, the line of division
extending throwgh its middle [i. e., coinciding with the vertical plane].
Bach sporoplasm-half envelops, in the form of a well-defined crescent,
the corresponding eapsule. Nonvaenolate (letter to author, 1893). -

The sporoplasm stains with Plitzner’s aleololic safranin a light pink-
ish hue, appearing under a Leitz 4% in anilin-stained sections, delicately
granular; no other structure discernible. ~ Nucleus aud evidence of
nuclear contents invariably absent. Ohlmacher adds:

I could not even demonstrato the micrococ‘ci-]i]w particles iu the plasmatic body,
as have been described by Lutz, or the safranophile particles of Biitschli.

Micro-chemistry: Ohlmacher finds the sporoplasm constantly cyan-
ophilous, the capsules constantly erythrophilous. This occurs with
carbolic fuchsin and carbolic iodine green (Russells method); the
capsules staining a brilliant red, the sporoplasm light green. The tint
of the sporoplasm (consequently also the degree of dichromophilisin)
varies from violet to & well-defined green. This difference depends in
large part on the developmental stage of the sporoplasm. ‘Wherelarge
and unsegmented and oceupying a large part of the shell cavity the
green stain was less clearly defined; where more condensed and divided
into the 2 crescents closely applied to the capsules, the green was well
marked. A striking differentiation is produced by Pfitzner’s alcoholic
safranin, followed by agueous methyl blue, rapid washing in alcohol,
and clearing in xylol. The Biondi-Heidenhain triple stain and Wat-
asé’s cyanin-chromatrop failed, a result attributed to nonpenetration
of the shell by the stain. On the other hand, the suceess of fachsin-
iodine-green and safranin-methyl-blue seems, Ohlmacher says, to be
due solely to their inore powerful staining properties, which permit them
to penetrate the somewhat resistant shell.

This dichromophilism of the capsule and sporoplasm Ohlmacher com-

! By this term he moeuns the spore-shell.
2Due, T think, to absolute aleohol fixation,
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pares with the observations of Auerbach and others,! but without
affirming Auerbacl’s interpretation of dichromophilism as indicative
of nuclear bisexuality.

Habitat.—Host: Bufo lentiginosus Shaw (a toad)., The single speci-
men was a large female, sent with a lot of frogs (which latter showed
10 unusual mortality) from the country to the laboratory carly in
September. A gradual increase in size took place in the toad and
finally became particularly noticeable, but this was unconsciously
ascribed to development of ova. About November 15 the specimen
was noticed lying on its back, apparently dead, showing on careful
examination, however, o faint flutter of the pleural wall over the heart,
but no respiration.

Dr. Ohlmacher has kindly informed me (letter, 1893) that the locality
whence all the specimens werce obtained is Sycamore, DoKalb County,
Hlinois. Three more specimens of B. lentiginosus collected there July,
1893, showed the same myxosporidian species, but not in such nuwbers.
All of the toads thus far examined have been females. (Later tho
same condition was found in the males.) '

Seat: Almost invariably present in larger or smaller groups in the
lumen of the urinary tubules; never within the epithelial cells, whicl
latter never show the nueclear metamorphosis ocenrring with the intra-
cellular Sporozoa; occasionally found in sections among the blood cor-
puscles in the large blood vessels, it being here impossible to say that
it might not have been due to displacement during the technique;
never found in the glomeruli; occurring sparingly in the collapsed
folds of the urinary bladder, always on the bladder surface, never
imbedded in the bladder wall; also free in the urine.

Mieroscopic technique.—~Fisation by absolute alcohol or Flemming;
imbedding in xylol-paraffin; aflixing by the water-albumen method;
staining with various anilins.

Mode of infection.—As to the origin of the inyxosporidian infection,
it can only be conjectured, Ohlmacher says, that it must have occurred
by way of the cloaca to the bladder, and from here the parasites
ascended the urinary passages. It is probable that in this case the
parasite did not reach its adult condition in its batrachian host, but
here only passed one stage of its development, the spore stage.

Pathology.—Abdomen containing a large quantity of straw-colored,
serous fluid dervived from the abdominal cavity and the subeutaneous
lymph sinuses; to this fluid the distension was in large part due. The
organs showed nothing unusual, oxcept that the urinary bladder was

! Ohlmacher gives roforonce as follows: Auerbacl, Ucber oinen sexucllen Gogen-
satz in dor chromophile der Koimsuhstanzen ; Sitzgsber., k. preuss. Akad. d. Wissensch.
Berlin, June 23, 1891, pp. 713-750; Adamkiewicz, Untersuchung ii. d. Krebs u. d.
Princip. soiner Bohandlnng, Wion u. Leipzig, 18933 Noeggorath, Beitriige z. Struktur
u, Entwickelung d. Carcinoms, Wiesbaden, 1892; Watas6, Journ. Morphol., 1892. vi,
PD. 481493,
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lurgely distended and the kidneys were twice the normal size. Ovaries
moderately developed, but not sufficiently to account for the abnormal
distension.  Besides the Myxosporidia, the kidneys showed an extensive
invasion of baecteria.

I5 ffects.—There can, Ohlmacher says, be scarcely any doubt that the
Myrxosporidie were the direct factors in the pathologic changes., Their
number was very great, the tubules of' both kidneys being filled. The
mere mechanical effeet mnst have been obstruction of secretion and as
a remote result ascites and general wdema.,  Undoubtedly the presence
of large numbers of bacteria (to be regarded as a secondary infection)
was a potent factor in hastening death,

Subsequent comparisons with sections of the kidueys of other toads
show the tubules in the first toad to have been dilated and their lining
cells to have been flattened and less rich in protoplasmic material than
normal. The kidneys of the 3 comparatively slightly infected toads

,collected in July, 1893, showed no macroscopic lesions. Microscopically
no bacteria could be found. The absence of the bacteria, Dr. Ohlmacher
thinks, probably had as much weight in determining the comparative
innocuity as the smallness of tlie number of Myxoesporidic (letter, 1893).

Through the kindness of Dr. Ohlmacher I have been enabled to
examine his specimens, and can add the following:

Orientation of the spore—The capsules are 2, in 1 group, anterior;
valve-junction plane, vertical; shorter axis of spore, antero-posterior;
longer axis, transverse. Sporoplasm showing no evidence of a vae-
uole, even in iodine-stained scctions. Beyond a slight median notch
in its posterior border (produced, I believe, by a slight inward, as well
as outward, projection of the ridge), I was not able to find any evidence
of sporoplasm-segmentation, and am therefore compelled to regard this
as an optical illusion, produced by the overlying ridge and reinforced by
the posterior median notch.

This orientation necessitates the reference of this species to Chloro-
myxzum (Spherospora). From C. (8.) elegans it is distinguished by its
transversely elliptic outline and its dimensions. The-fact of its iden-
tical organal distribution (renal tubules) should also be noted.

Finally, Dr. J. B. Whinery has recently published the results of a
careful detailed restudy of this species. He gives the tollowing table,
showing the equivalence of Ohlmacher’s nomenclature with that I
have adopted:

Ohlimacher's term. Tresent equivalent.
apsulo...... .| Shell.
1'0 8 COoTpuse . Capsule.
Plasmatic mass Sporoplasm.
Projectile threac Filament.
ides . ......... .| Anterior and posterior ends.
Ends .......... Sides.

Vacuole .............. Tericystio space.
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TFrom Dr, Whinery’s paper the following data are condensed:

(Page 660] All she toads examined (about a dozeu in all) were from Sycamore, De Kalb
. County, 60 miles west of Chicago. The toads were kept in the laboratory
8ink, and taken from this, from time to time, for examination.

The extont of the infoction must vary with the surroundings and environment of
t.h(! animals, Seven toads examined—2 males and 5 femnles—showed 1 male and 4
1_enm.les infected. It is quite probable that the mortality was inereased by the con-
finement in « comparatively small space. During the confinoment the toads became
8tupid, moved about but little, and in 2 or 3 days began to die, 1 dying every day
or two. Some of them lived about 3 weeks. Before deathh no change in external
appearance was noticed, oxcept in some cases a distension of the abdomen. Post
Wortem gome increase in amount of peritoneal fluid was usnally noticed, but in the
t?ads oxamined by Whinery this was never so large in amount as in the toad examined
by Ohlmacher. The abdominal viscera showed signs of congestion; the intestines
being usually distended with gas and the kidneys enlarged and in a congested state.
The parasites were found only in the tubnles and in the urinary bladder, and in. the
8porestuge. Ohlmacher’s view that they probably kill by mechanical pressure secmns

very plausible on account of thelargo number of parasitesin the tubules.
[Page 661] This numbeor varies in different specimens; sometimes only scattering

tubules, in othor cases large areas of tubules being filled with parasites.
They were never found in the glomernli or epithelinl cells.” In the bladder they wero
found in the folds of the mucous woembrane. Ohlmacher has found them in urine
collected during chloroform narcosis, in u clean basin.

Detailed Morphology of Spore.~Length about 6 u; breadth about 8 u; size slightly
varying in tho same preparation. Shape, slightly oval. Shell, showing a distinct
strintion, the strize appearing to proceed from the shell of each lateral half and to
conter at the valve-junction, midway between the anterior and posterior ends.
Spore showing at each end a slight projection,’ running betwoen which 2 points is
the faint transparent ridgo, marking the valve-junction. The projections ropresont
the vertical optical section of the ridge. The spore is thus composed of 2 valves,
their junction plane dividing the spore into 2 symmetrical halves. T'wosmall knob-
like thickenings (which show woll in the fresh, unstained spore) can be scen at the
anterior projection, 1 belonging to each valve. The spores often show cleavage ut
the anterior end along the line of the valve-junction. Capsules 2, ronnd, 3 u to 35
& on an average, sitnate at tho anterior end, 1 in each valve. A filament arises from
each capsulo, and, penetrating the shell, leaves the sporo at the antorior end. The
capsules seem to have the power of projecting and drawing in these filaments.
Length of filamonts ofton more than 4 to 8 times the diamoter of the spore. .Just
after entering the spore, before reaching the capsule, thoy often appear in a gpiral
roll preparatory to being coiled in the capsule. Sporoplasm sitnated in the poste-
Tior end, extending to the sides, in form approaching a crescont; not completely
filling the space posterior to the capsules; under high powers (1% Leitz) appearing
homogoneous and finely granular; showing in fresh preparations the more highly
Tefractive granules designated nuclei by Thélohan; these apparently vary in number
and position in fresh spores, and never appoar in hardened and stained proparations.s
A vacuole could not e discovered in this species.

1« Termed by Gurley the ¢ micronate [mucronate] projection’” This name was
employed by mo in a letter in a general sensc only (a mucronate projection) and was
not intended as an additional special term. .

*Ollmacher had only hardened material, n fact which, Whinery thinks, explains
his failure to find nuclei. Ican not believe, from Dr. Whinery's description, that the

odies he calls “nuclei” are really such, since they disappear entirely in hardened and
8tainod specimens.  AlthoughI have not seen L. Whinery’s material, I venturo 4o
suggest the possibility of their being fat globules,
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Micro-chemistry.~—The parasites wero studied fresh (by teasing kidnoy tissue, and
examining this in a hanging drop, or in fluid media of different kinds), and also
after treatment with various fixing and staining agents. Inthe fresh state, a dilute
solution of potassium hydrate caused a ewelling of the spore, and brought out the
shell and filaments plainly. Glycerin acts well as a medium for the examination of
thefresh spore. Probably the best medium to use for the hanging drop is toad’s urine.
Todine (aqueous solution) colors the spore & uniform Lrown. In fixing cover-glass
preparations, no advantage was gained by fixing thom in alcohol and ether, or in
osmic acid, over that obtained by passing the covers through a flame. In the fresh

state tho filaments were made plainer in fixed cover-glass preparations
[Page 662.] Ly a number of reagents. Aqucous methyl blue and Baboy’ anilin
water safiranin Lring the filaments into view quite satisfactorily.
As fixing agents, Flemming's solution, Hoidenhain’s mercurio chloride solution,
alsolute alcohol, Carnoy's acetic aleobol, and Perenyi’s fluid were tried, the first anfl
last being found unsuitable on account of the production of shrinkage and distor-
tion. The fixed material was imbedded in xylol paraffin by the usual mothods.
Numerous soparate and combined stains were employed with varying results, tho cap-
sules with almost all stains showing the greatest affinity for the coloring matter, the
degreoe of affinity varying somewhat in different spores. Pfitzner’s sufranin is espe-
“eially good, with a striking affinity for the capsules. Ohlmacher’s dichromophilism
was demonstrated with fuchsin and iodine green (Russell’s mothod), and with
safranin and methyl blue (Oblmacher’s method). ¢“This chromophilous reaction is &
very striking and possibly significant phenomenon in theso organisms.”

90. Chloromyxum (Sphzrospora) perlatum Gurley, 1893. Pl. 40, fig. 2.

(Psorosperm of Acerina cernua, Balbiani, 1883, Journ. de Microgr., v11, pp. 201,
204, fig. 44; ib., Balbiani, 188£, Légons sur les Sporozoaires, p. 133, fig. 40.)
Ayxobolus perlatus, Bull, U. S. Fish Com. for 1891, X1, p. 415; ib., Braun, 1894,
Centralbl. f, Bakt. u. Parasitenkde, xv, p. 87, :

No description (see also p. 265).
Habitat.—On Acerina cernua L,
91. Chloromyxum (Sphzerospora?) sp. incert. Pl. 40, fig. 3,
Spore of Lota vulgaris, Biitschli, 1882, Bronn’s Thier-Reich., 1, pl. 38, fig. 22.

Cyst unknown.

Myzosporidium.—Not described. The sporoblast produces a single
spore?!

Spore.~Not described. For the reasons given on p, 265, the present
generic reference of this species is probably the correct one, and the
species should be closely compared with C. mucronatum.

Habitat.—Ovary of Lota lota L. (= vulgaris); ling.

1 ¢ Fach spore in a apecial transparent membrane,”
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92. Chloromyxum (Spheerospora) dujardini Thélohan, 1892. Pl. 40, figs. 4-7.

{Cyprinus
Cyprinus| ‘eryth-
rutilug, roph-
‘‘paoro- thalmus, dujardini. Dato. Authority ; refereunce.
8permas’’ | ‘‘paoro-
of. sperms
of. |
|
X 1841  Miillor, Miillla’s Arch., pp. 481, 486, pl. 16,
ﬁ;i. 4b, c.
X D S PPN 1843 | Miiller, Rayer's Archiv. Méd. Comp., I, p.
! [ 226, pl. 9, fig. 40, c.
X .. e eerieraeeaaa 1843 | Raver, Rayer's Archiv. Aéd. Comp., I, p.
(pare) | | . 269,
: i iettriecceeeas 1845 Du{nrdln Hist. Nat. des Ilelininthes, p. 644,
! i pl. 12, flz.12 N, 12 X,
X S 1853 | Robin, Hist. Nat. Voget. Par,, p. 209, pl. 14,
(pars.) fig. C.
S O 1882 | Riitachli, Bronn’s Thier-Reich., I, pl. 38, fig. 5.
Muyxosoma ot 1 1892 | I'hélohan, Bull. Soc. philomat. Paris, 1V, p.
Mixosoma .. 75.
Chloromyxum 1893 Gurley, Bull. U, S. Fish. Com., XI, p. 410, -
WMyxosoma ...i 1893 | Braun, Ceutralbl. Baks. u. Parasitenkdo,
: X1V, p. 730,
.................... Chloromyxum: 1894 | Braun, Centralbl. DBakt. u. Parasitenkde,
| | XV, p. 87.

Synonymy.—The first 6 references in the table, except those to Dujar-
din and to Biitschli, represent the same form, the Iater being mere copies
of Miiller. The fusion of the form observed by Dujardin with that ob-
8erved by Miiller is on the authority of Thélohan, who states (letter to
the author, 1893) that he has observed his Myxosoma dujardini upon both
Leuciscus rutilus and L. erythrophthalmus, and that he believes that
Miiller’s and Dujardin’s figures represent the sume species.  Biitschli’s
form is also probably referable here; size of the last, 0-46 mm.

Concerning the form observed by him in Leuciscus rutilus, Miiller says:

Once there was found on the pscudobranchias (Nebenlkiemen) a mass of small yellow
Cysts. The size of this mass was 4 lines. This time all the cystscontnined elongate
Capsules [spores] with pointed anterior and bluntly rounded posterior ends (fig. 40).
On the flat border the convex surtaces wore exactly equal and the 2 divorging vesi-
¢les wore attached interiorly ut their points.

Thns this form was never found coexisting in the samne cyst with
Mywobolus cycloides. Considering the great frequency of occurrence of
the latter species such coexistence would be expected if they were
Ierely different forms of one species. Their persistent nonassociation
thus strongly reinforces the argument in favor of their specific distinct-
bess drawn from their different characters.

Cyst not described.

Myzosporidium.—Spores imbedded in and held together by an almost
diapha-nous, ramified, glutinous mass, 125 to 1-50 mm. long, decomypos-
able by water, analogous to the amwbwx, apparently destitute of an
€nvelope (Dujardin).

Spore.—~Oval, pointed anteriorly, broadly rounded posteriorly, length,
10 t0 12 p (0-0051'/ to 0-0054/7); breadth, 7 x (0-0034//7) untailed; cap-
Sules 2, of equal size (Miiller). ‘

Halbitat.—incysted in the psendobranchim of Leuciscus rutilus from
German rivers; branchial lamellw of Leuciscus (Scardinius) erythroph
thalmus from the Vilaine, at Rennes, France.

¥ 0——18
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V. CERATOMYXA Thélohan, 1892.

Etymology not given.

Bull. Soc¢. philomat. Paris, 1v, pp. 169, 171, 175; ib., Gurley, 1893, Bull. U. S.
Fish Com. for 1891, x1, pp. 411-12, 420; ib., Braun, 1893, Centralbl. f.
Bakt. u. Parasitenkde, X1V, pp.738-9; ib., Braun, 1894, Centralbl. f. Bakt.
u, Parasitenkde, xv, p. 87.

Definition.—Chloromyxide with bilaterally symmetrical, transversely
extended, subisosceles-triangular spores whose breadth greatly exceeds
the length; valves hollow-conical with solid tips; sporoplasm unilater-
ally and asymmetrically situated; type,.C. spharulosa.

The position of this genus in the system depends upon the interpre-
tation of its symmetry. Admitting (as we way safely do) that the
position of the capsules marks the anterior extremity, the question
arises whetlier the plane of junction of the valves is the vertical or the
longitudinal. If it be vertical, we then have: (1) Vertical plane inter-
capsular; (2) spore laterally extended; (3) valves bilaterally subsym-
metrical; (4) decided sporoplasmic bilateral asymmetry.

On the other hand the supposition that this planc corresponds to the
longitudinal necessitates the following suppositions: (1) That the ver-
tical plane can be percapsular; (2) that the spore is vertically extended;
(3) valves superior and inferiorly subsymmetrical; (4) decided (sporo-
plasmic) supero inferior asymmetry. )

While admitting the striking anomaly exhibited by this species in
its bilaterally asymmetric distribution of the sporoplasm (which cer-
tainly warrants its geuneric separation), it seems more easy to accept
this than to admit («) that the longitudinal plane can be percapsular,
and (b) that the spore is greatly extended supero-inferiorly, of neither of
which conditions any other known species exhibits an example. There
are, however, species which exhibit, thongh in a less degree, bilateral
asymmetry (Myxobolus unicapsulatus, M. inequalis, M. strongylurus).

Two other characters should be noted. As in the other forms hab-
itant in the fluid-filled organs, the Ceratomyxa species are never seel
“encysted.” TFurther, 3 out of the 4 known species possess the strik-
ing peculiarity of bisporogenesis, each myxosporidinm producing only
2 spores. The fourth species presumably (from Thélohan’s silence) does
not possess this character. It is well to note that this character is
possessed by only one other species, viz: Perugia’s Myrosporidium mer-
lucii, a gall-bladder species provisionally and doubtfully referred to -
Myxobolus (see p. 242).

Finally, while this paper was passing through the press, M. Thélohan’s
recent paper? was seen. It seems to imply very strongly two things,

1 No known instance exists of 2 capsules being placed one above the other (i, 0
in the vertical plane, which would thus be percapsular). The only species in which
by any possibility the vertical plano could be asserted to bo percapsular is Cysto-
discus? diploxys, but here the condition is at least equally we!l (and I think much
botter) explained on the view that the intercapsular plane is the vertical,

3 Compt. Rend. Acad. Sci. Paris, 1894, cxviu, pp. 428430,
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Viz: (1) That bisporogenesis must be admitted as a(very striking) generic
feature; and (2) that if, as Perugta asserts, Myzobolus merlucit possesses
this character, it is in all probability a Ceratomyza, and not a Myxobolus.
And two facts confirm this latter view, viz: The improbability in Myzo-
bolus of a gall-bladder habitat and the rarity of spores whose breadth
exceeds the length. Perugia’s species is, however, provisionally left
under Mywobolus, on account of his positive statemont as to the presence
of an iodimophile vacuole.

The following is an abstract of Thélohan’s paper:

[Page 429] Bosides the species formerly p.ublished' in which the myxo.sp(‘)rid.ium

prodnces but 2 spores, 1 have since confirmed the same peculiarity in a
Tather large number of new forms in the gall-bladders of certain Mediterranean fishes,
All these 2-sporing species belong tor:y family ¢ Myxidices,” the greater part of them
being clearly referablo to Ceratomyxa, while tho others, by successive moditications
of spore-form, establish a transition between that genus and Spharospora. 'T'his
!nst connects the 2-sporing specios with the many-sporing, and at the same time, by
its habitat, the free species to the tissue-imbedded forms.

There is thus no absolute separation between the 2-sporing and the other Myxospo-
*idia. The 2-sporing always live a free amaboid life in the bile-finid aud exhibit &
Yery great motility, owing to specialized pseudopodia herctolore dcescribed.

These 2-sporing Myxosporidia with localized psoudopodia and rapid movements
Topresont tho most clevated typo of organization. As regards the intorpretation of
[Page 430] the fac‘ts,. s?re they perfectod types d'erived fmfn iuf.erior, or are tl‘loy

the primitive type, the others, especially tho tissue-imbedded specics,
being forms degraded by a more pronounced (a, so to speak, more intimate) parasit-
ism? Thélohan favors the latter viow. Great stress is to be laid upon the pro-
gressive increase in the number of spores occurring pari passu with degradation
of form and increaso of parasitism, such increase of roproductive eloments being
always one of the most constant attributes of parasitism.
84. Ceratomyxa arcuata Thélohan, 1892.

Compt. Rend. Acad. Sci. Paris, cxv, p. 1091

Cyst none.

Myaosporidium.—Of variable form, diameter apparently not exceed-
ing 35 or 40 u; destitute of prolongations. Endoplasm finely granular
and homogeneous, containing some scattered fatty globules; destitute
of spherules. Pseudopodia ectoplasmic, lobed; the filiform variety
absent.

Spore.—Relatively very small; length, 5 4; breadth, 40 .

Habitat.—Gall-bladder of Onus tricirratus (=Motella tricirrata) col-
lected at Roscoff, in August, 1892.

Remarks—This differs from the other species of the genus prinei-
pally in its much smaller size.

85. Ceratomy=xa agilis Thélohan, 1892.
Compt. Rend. Acad. Sci. Paris, CXV, pP. 962-3.

Myaosporidium.—Attaining @ maximum length of 85 , and a maxi-
mum Dbreadth of 20 x; asswming various forms, most frequently elong-
ated, subeylindrie, a little swollen at the middle. Oue end (which on
account of being constantly foremost in progression is to be regarded

1 Compt. Rond. Acad. Sci. Paris, 1894, cxviir, pp. 428-430.
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as the anterior), rounded; the other (posterior) usually attenuated,
pointed, sometimes, however, swollen, rounded or bifurcate, or 7-, or
8- (or more) lobed. Limit between ectoplasm and endoplasm almost
indistinguishable; myxoplasm finely granular, presenting constantly,
near the anterior end, grouped in variable number, Some small, very
refringent, fatty globules.

Pseudopodia differing markedly from those of other Myzosporidia,
always limited to anterior end; number variable up to 7 or 8, perfectly
distinet from one another, almost filiform, progressively attenuating
to their drawn-out pointed extremities; length very considerable, ad
maz. one half that of the myxosporidium; composed of exceedingly fine
granular plasma resembling the ectoplasm of other Myxosporidia,
whence their ectoplasmic nature may be inferred.

Movements of pseudopodia very rapid, describing a semicirele,
always from before backward. Thélohan could not determine whether,
upon arriving at their limit of backward motion, the pseudopodia fuse
"with the myxosporidium or move forward to repeat their sweep. Loco-
motion of myxosporidium thus produced, relatively rapid (3 times its
length in 25 scconds). Remainder of myxosporidium motionless, appar-
ently, however, possessing a certain contractility, as is seen when the
auterior (pseudopodial) end becomes lodged against an obstacle.

Spore.—Similar to that of Ceratomyxa spherulosa; breadth 60 ..
Never more than 2 spores in one myxosporidium.

Habitat.—Tree in the gall-bladder of Dasyatis pastinica L. (= Trygon
vulgaris) sting-ray at Concarneau in September, 1892.

86. Ceratomyxa appendiculata Thélohan, 1892.
Compt. Rend. Acad. Sci. Paris, ¢xv, pp. 963-964.

Cyst none.

Myzosporidium.—Presenting special characters which clearly dis-
tinguish this species. TFully developed forms assume very irregular and
very variable shapes; remarkable for the presence of 1 to 4 or 5 immov-
able prolongations, composed of an endoplasmic axis and an ectoplasmic
covering, which extend out from a central portion of a very variable
form. Length of prolongations may reach twice the diameter of the
central portion. Pseudopodia lobed, originating from the ectoplasm of
the central mass at no fixed point, which is changeable from moment
to moment.

Spore-formation.—Taking place in the above-mentioned central por-
tion, each myxosporidium producing 2 spores.

Spore.—Length (%), 5 to 8 u; breadth (%), 65 u.

Habitat.—Free in the gall-bladder of Lophius piscatorius (angler)
collected at Roscoff and at Le Croisic in August and September, 1892,
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87. Ceratomyxa spheerulosa Thélohan, 1892. Pl. 41, fig. 4.
Bull. Soc. philomat. Paris, 1v, pp. 171-3, 175, fig. 1; b. Thélohan, 1892, Compt.
* Rend. Acad. Sci. Paris, cxv, pp. 961-2; ib. Gurley, 1893, Bull, U. S, Fish Com.
for 1891, x1, p. 420; ib. Braun, 1893, Centralbl. f. Bakt. u. Parasitenkde, x1v,
Pp. 738-9; ib. Braun, 1894, Centralbl. f. Bakt. u. Parasitenkde, xv, p. 87,

Cyst, none. :

Myzxogporidium.—Spherical or ovoid; youngest stages exhibiting very
distinet amoeboid movements, colorless; older individuals yellowish,
Presenting a very remarkable constitution. Ectoplasm thin, emitting
lobed pseudopodia, with very slow movements. Endoplasm appearing
riddled with small (3 or 4 ) clear spheres between which lies a gray-
ish, finely granular plasma. Spheres often exhibiting, grouped at their
center, a variable number (most frequently 5 or 6) of small yellow, brown,
Or greenish granules which resist nitric acid and potassium hydrate
longer than the spheres which envelop them. Thélohan was unable to
€xpress auny opinion as to the nature of the spheres, which, he remarks,
constitute one of the most remarkable peculiarities of this species.

Spore formation.—Each myxosporidium forms at the most 2 spores;
bever more. Solid distal portion of valve folded back along the pos-
terior border during development. Thélohan notes the similarity in this
respect to the development in the tailed Myzobolus species (see p. 248)
and says that the anterior convexity of the curve presented by the long
(transverse) axis seems the effect of this primitive arrangement.

Spore.—Transversely extended, symmetrically (or subsymmetrically)
double scalene-ti'iaugular; length, 8 to 10 or 12 w; breadth, 90 to 100 .
Shell bivalve; valves right and left; symmetrical or subsymmetrical;
8hape of each valve holiow-conical, with the distal extremity solid for a
Variable distance; valves united along the cone bases, a slender ridge
marking their line of junction. The shell cavity thus consisting of 2
(lateral) halves, one of which is always occupied by a variable number
of small very pale masses whose exact nature is unknown, but which
Seem to represent the residue of capsule formation.

Sporoplasm.—Constantly situated in the other half of the shell cav-
ity, of which it occupies only a relatively very small portion; finely
grapular; no iodinophile vacuole.

Capsules.—Two, the largest known, filament very clearly seen, coiled;
extrusion easily produced by potassium hydrate or ether, each capsule
bresenting as a rule a special opening placed ou one side of the suture,

. Habitat.—Gall bladder (free floating in bile) of Galeus mustelus
(= Mustelus vulgaris) smooth dogfish and of Galeorhinus galeus (= Galeus
canis) taken at Valéry-au Caux, by Balbiaui, in August, 1891,

!Thélohan gives the dimensions reversed (i. e., 88 length 100, breadth 8 to 10 or
12 ;) but this is of coursn a wrong orientation. Similarly with other species.
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Fam. CYSTODISCIDZE Gurley, 1893.

Bull. U. 8. Fish Cour for 1891, X1, pp. 412-13; ib., Braun, 1894, Centralbl. £.
Bakt. u. Parasitenkde, xv, p. 87.

Definition.—Phanocystes whose spores possess antero-posterior and
bilateral symmetry; capsules in 2 groups situated at the (anterior and
posterior) ends; a bivalve shell, the plane of junction of whose valves
is perpendicular to the longitudinal plane; condition of sporoplasin
unknown; type genus Cystodiscus,

To the family as thus defined, I have provisionally (by way of taxo-
nomic necessity) approximated Thélohan’s genus Spheromyza. 1t is
characterized, Thélohan says, by the structure of the spores, especially
by the form of the filaments and their disposition in the capsule. In
the absence of figures, tho orientation of the spore, upon which classi-
fication must be based, is uncertain. The double grouping of the cap-
sules necessitates the approximation (at least among known genera)
of this genus to Myxidium or to Cystodiscus. Between the last two,the
presence of a membrane around the myxosporidinm and especially the
bivalve structure of the spore would seem (at a taxonomic guess) rather
to approximate Spharomyxra to Cystodiscus,

It may be frankly admitted that, as at present composed, this family
is somewhat unsatistactory and must be held subject to revision, prob-
ably in the direction of elision. Tor of the species with the capsules in
2 groups we now know (excluding Myzidium ? sp.102,about which hardly
auy data exist) b species: Cystodiscus tmmersus, Cystodiscus 82 diploxys,
Spharomyza balbianii, Myxidium licberkiihnii, Myxidium ¢ incurvatum.
Of these M. licberkiihnii presents a sufficiently distinet group of char-
acters to warrantits delimitation as the type of a famnily. The other 4
species then agree in two very important characters, viz:

1. Arrangement of capsules in 2 groups.

2. Presence of a bivalve shell,

Further than this, however, our analysis can not, for want of data,
be at present safely pushed. Indeed, I have even left Myxidium ?
incurvatum under AMyxidium (where in all probability it does not
belong) rather than place it elsewhere at random. Obviously the next
step is the determination of the 3 symmetry plaues and the orientation
of the valve-junction plane. I suspect the future will separate generic-
ally C. ?7 diploxys from C. immersus, the former appearing to have the
valvejunction plane parallel and the latter to have it perpendicular
to the longitudinal plane. In the present uncertainty, however, espe-
cially as long as the symmetry-relations of Spheromyzra are so dubious,
the present provisional arrangement is probably preferable to another
new genus, and perhaps a family,
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VII. CYSTODISCUS Lutz, 1889.
Etymology not given,
Contralbl. f. Bakt. u. Parasitenkde, v, p. 88; ib., Gurley, 1893, Bull, U.S. Fish
Com. for 1891, X1, pp. 411-13; ib., Braun, 1894, Centralbl. {. Bakt. n. Parasi-
tenkde, xv, p. 87.
Definition.—Characters those of the family; type, C. immersus.
Whatever may be the ultimate taxonomic destination of the species
here included, the genus will, I think, stand, as it is the first in order
of priority, having the spore with the capsules in 2 groups, and a
bivalve shell,
97. Cystodiscus immersus Lutz, 1889. P, 42, figs. 1-10,
Centralbl. f. Bakt. n. Parasitenkde, v, pp. 84-88, figs. 1-10 separately and

subsequently; ib., Gurley, 1893, Bull. U. 8. Tish Com. for 1891, x1, p. 413}
ib., Braun, 1894, Centralbl. {. Bakt, u. Parasitenkde, xv, p, 87,

Cyst none.

Myxosporidium.~—Youngest forms unknown. Hoping to find them
In the tadpoles, Lutz examined about a dozen, but the gall-bladders
were entirely free; in frogs and toads only a little larger, however,
myxosporidia were found, but they (oven the very small ones, less
than 01 mm. in diameter) already showed the stiff disk form, In
number, usually several, often very many (30 to 50), visible through the
bladder wall, appearing macroscopically ag round transparent disks or
leafiets, as thin as paper, with frequently a whitish border in which the
upper and under surfaces meet directly (without the intervention of a
lateral surface as in a ¢ylinder); upper and under surfaces very slightly
convex, the thickness being only i to 1% of the diameter; body-form
thus feebly biconvex lenticular, ranging in diameter from the limits
of visibility to 1'5 or 2 mun.

Ectoplasin forming a plainly perceptlble, transparent, structureless
membrane, completely resistant to the bile and noticeably so to chemi-
cal reagents, disintegrating on prolonged innnersion in water; preserv-
ing the form of the organism which otherwise alinost certainly would,
on account of its great thinness, become wrinkled and folded, but
whose borders have a subcircular outline. Ectoplasm often containing
great numbers of mierococcus-like bodies, which, as they brown only
very slightly with osmic acid, can scarcely be pure fat. They also can
not be cell-nuclei.

Endoplasm containing numerous large vesicles, polygonal-flattened
by mutual pressure, producing the appearance of a cellular structure.
Vesicles possessing a subglobular contour, showing no trace of u
nucleus; upon rupture of the ectoplasm, escaping spontaneously into
the bile, in which (also in alkaline solutions) they immediately vanish
under the eyes of the observer, probably on account of the solution of
a delicate surrounding membrane and the subsequent solution of their
contents. Amomboid movemeunts are completely excluded by the mem-
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branous character of the ectoplasm. No traces of change of form or
place were seen.

Spore formation.—Beginning with individuals scarcely one-tenth the
maximum size, the number of spores being then, however, relatively
as well as absolutely less; number increasing pari passw with growth,
individuals of equal size not necessarily showing, however, equal num-
bers. In specimens largest and raost rich in spores the latter show
themselves scattered over the surface at very short intervals, while on
the borders they form a compact zone visible macroscopically as a white
ring.

Pansporoblast?: Myxosporidia of various ages tolerably frequently
show a spore-foundation [Sporenanlage] in the form of a smaller, more
elongate, and only delicately outlined oval, containing two small pale
perfectly round capsules (somewhat removed from the poles), which
inclose a tolerably large dark biconcave-ended cylindrical rest-body
(Restkirper). The delicately ontlined oval contracts its bulk, its out-
line clears up, and the shell and capsules become thic ker and very promi-
nent, Valve-connection takes place through a process of the shell,and
the spore becomes more ventricose.

Spore.—Lying outside the vesicles, always arranged in pairs, the lat-
ter rather irregularly scattered under and only loosely connected with
the ectoplasm, concentrated in greatest numbers along the borders,
forming a white ring. Length of mature spore, 12 to 14 u; breadth,
9 to 10 u; regularly oval, with blunt ends; spore showing no independ-
ent movements except filament extrusion, ’

Shell rather thick and firm, indistinetly and finely transversely striate,
possessing the usual resistance to chemical reagents; bivalve, the valve-
junction plane oblique (like the diagonal of a rectangle), inclined about
450 to the ““equatorial” [transverse?] plane. This condition doubtless
stands, Lutz says, in connection with the position of the capsules at
either end, one valve lodging cach. Around the border of each valve
is placed, hoop-ike, a little elastic rod, plainly projecting in profile,
reboundivg, when treated with potassinm hydrate, in the form of a more
or less extended band, the valves thereby becoming looseued, a piece
often being torn away. Lutz remarks that these observations agree
with Balbiani’s (p. 223). Lutz, however, never saw any connection of
spore-pairs through the medium of the loosened bands.

Capsules 2, separated, 1 at each end, subglobular-pyriform, slightly
sharper anteriorly, glittering strongly in water or in bile, only slightly
8o in glycerin and other refractile fluids; size diminished by extrusion
of filiments, walls plainly double-contoured. Tilaments diflicultly per-
ceivable when fully coiled, plainly visible when half uncoiled; extrusion
frequent in bile, not so common in water; extrusion also producible by
various reagents, most certainly by potassiumn hydrate. Length, 4 to &
times that of the spore-length,

Sporoplasm transparent, first becoming plainly visible after the action
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of coagulants, as an irregular, very low and biconcave excavated
cylinder. Lutz could find no true nuclei, either before or after develop-
ment, Micrococcus-like corpuscles (similar to those in the ectoplasm,
See above) were present, but on account of their inconstancy, these must
be l'cgarded as plasmatic secretions.

Exit of sporoplasm.—Never observed, prolonged immersion in water
broducing only a gaping of the valves, Wlth or without a falling out of
the capsules. .

Habitat, ete.—Gall-bladder (free- floatin g in and escaping with the bile)
of Bufo agua (toad) in every one of 50 half-grown to grown individuals
talten at the most various times at one locality in Brazil; parasites
mostly multiple, sometimes as many as 50; also in young specimens
of Qystignathus ocellatus (toad) from 2 localities in Brazil. On the
contrary they were absent from 2 large individuals of Bufo agua from
other provinces of Brazil. They wero also absent from all the tadpoles
examined and from metamorphosed toads from several localities.

Effects.—The myxosporidia observed appeared in nowise to impair
the histological integrity of the gall-bladder.

98. Cystodiscus ? ? diploxys Gurley, 1893. P1.42, figs. 11-13,

Pyralis
(or Tortrix)
viridana, diploxys. Date. Autbority ; roforeunce.
psorospermu L4
b S PN 1866 | Balbiani, Jonrn. Anat. ot Physiol.. Paris, TIT. pp.600-2.
D S 1367 | Balbiani, Journ. Anat. et Phy siol., Pacis, 1V,pp. ).7.;,
276, 335 (footnote), pl. 12, figs. 10- 12,
b S PO 1882 Lutachh Bronn's ‘Ihier-Reich, 1, p. 590.
D S P 1300 { I’feitfer, "Virchow's Arch. f. pnth Anat. u. Physiol.,
CXXII, p. 559,
X 1890 ’lhélolmn Amml a. Microgr., Paris, IT, p. 193,
X 1892 Bmmoguy and Thélohan, Cumpt Rond. hebdom. Soo.
Biol. Paris, IV, p. 587.
X 1893 | Perrior, 'lmiw de Zool., p. 4560.
.............. 1803 | Gurley, Bull. U S. ¥ish })om for 1891, XTI, pp. 411-13.
X 1893 Brm‘_x’n Coutrnlbl 'f. Bakt. u. Parpsitenkde, X1V, p.
.............. Cystodiscua?| 1894 | Braun, Centralbl. f. Bakt. y. Parasitenkde, XV, p. 87.

Cyst.—Spherical, 12 to 15 (in 1 individual 4) in number, 230 to 400 ..
Membrane rathér thick. Contents rounded masses composed of fine
brownish granulations suspeuded in a viscid homogeneous liquid. In1l
¢yst (pl. 42, fig. 12) the parasites were mixed with numerous fatlike
globules, msoluble in caustic soda; coloring wine red with iodine.

Spore.—Greatly resembling the “psoroqr)ernn" of fishes; clliptic or
shgllt]y flattened, traversed by a ridge apparently marking the line of
valve junction. Sometimes showing 2 small brilliant twin grains placed
at one of their extremities, sometimes 4 grains disposed in pairs at the
2 “ends”; not visibly affected by concentrated alkalies or feeble acids;
becommg brilliant and homogeneous in salt water.

Habitat.—In the free state or inclosed in great spherical cysts in
the abdowinal cavity of the butterfly of Tortrix viridana (an in sect).
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Ooncerning this species Biitschli says:

Balbiani has observed cysts in the body cavity of a butterfly (Pyralis viridiana)
which were filled with corpuscles possessing a structure similar to that of the myx-
osporidian spore. The observation is, however, not sufiicient to demonstrate that it
belongs to the Myxosporidia.

Théloban and Henneguy regard it as a myxosporidian, and it is diffi-

cult for me to think otherwise.
VIII. SPHEROMYXA Thélohan, 1892.

Etymology not given.
Compt. Rend. Acad. Sci. Paris, cxv, p. 1093; ib., Brann, 1893, Contralbl. f. Bakt.

u. Parasitenkde, xv, p. 737. .

Definition.—Characters to be inferred from those of the type species,
8. balbianiz.

After several vain attempts to draw up a satisfactory generic defini-
tion as between this genus and Cystodiscus, I have concluded that at
present there are not in the record suflicient data for their accurate
delimitation.

99, Spheeromyxa balbianii Thélohan, 1892,
Compt. Rond. Acad. Sci. Paris, ¢xv, pp. 1091-3; ib., Braun, 1893, Centralbl. f.
Bakt. u. Parasitenkde, xv, p. 738.

Myzosporidium.—Generally visible to the naked eye as a swmall
opaque, more or less regular, usually subspherical wass, occupying a
variable part of the bladder and escaping with the bile; yellowish ov
greenish-yellow, of a relatively firm consistence, permitting of handling.
Attempts at teasing render evident the presence of a thin mewbrane.
Under the microscope the myxosporidium shows absolutely exceptional
characters. Ectoplasm forming a clear, homogeneous zoune, presenting
in sections a very clear striation. Endoplasm more granular, inclosing
numerous spores.

Spore.—Resembling that of Myxidium lieberkiihnii, elongate, slightly
swollen at middle; extremities abruptly truncate, cut squarely off, so
to speak, so as to present very sharp “Jateral” angles; “length” [7] 13 to
16 u; “breadth” [?] 5 u. Shell bivalve, finely striate, parallel to the
longer axis. Capsules 2, one at each “extremity,” their axes oblique
and oppositely directed with reference to the longer [transverse?] diam.
eter of the spore. Tilament very peculiar, forming a relatively very
short (average length 15 u) cone, the diameter of whose base nearly
equals the breadth of the extremity of the spore. Lxit produced by
iodine water, potassinm hydrate, sulphuric acid, etc. The mode of coil-
ing is equally pecnliar, the axis of the coil being perpendicular to the
long axis of the capsule. Sporoplasm forming a single nass, destitute
of an iodinophile vacuole; nuclei. 2; the pericornual nuclei (Thélohan’s
¢nuclei of the capsulogenous cellule”) are also present.

Habitat.—TFree in the gall bladder of Onus tricirratus and O, macu-
latus (=Motella tricirrata and M. maculata); very common, especially ab
Roscoff.
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Fam, MYXIDIID/E Gurley, 1893.

(“Myxidiées” (pars) Thélohan, 1892, Ball. Soc. philomat. Paris, 1v, pp. 173, 175) ;
Myzidiida:, Bull. U. 8. Fish Com. for 1891, X1, pp. 412,420; Myxidiea [Thél.]
Braun, 1893, Contraibl. f. Bakt. n. Parasitenkde, x1v, p.739; Myridiide,
Braunu, 1894, Centralbl. f. Bakt. u, Pararitenkde, XV, p. 87.

Definition (provisional as regards negative characters).—Phanocystes
destitute of antero-posterior, but possessing bilateral symmetry; cap-
sules in 2 groups in the (right and left) wings; no bivalve shell; no
vacuole; type (and only) genus Myxidium.

IX. MYXIDIUM Biitschli, 1882,
Etymology not given.
Bronn’s Thier-Reich, 1, pl. 38; ib., Lankester, 1883, Encycl, Britan,, 9 ed., XIX,
p. 855 ib., Thélohan, 1892, Bull. Soc, philomat. Paris, 1v, p.175; ib., Weltner,
1892, Sitzgsbor. Ges. Naturf. I'rounde Berlin, p. 351; ib,, DPerrier, 1893,
Traité de Zool., p.460.
Definition—Characters those of the family; type, M. laberlkiihnis,
100. Myxidium lieberkiihnii Biitschli, 1882, Ds. 43-46; pl. 47, figs. 1-5.

BEsox

lucing lichor

‘' pyoro- WO csocis. | Date. Authority; roferonco,
aperms”’ kithnii.

cte., of.

D S R P ceeeeens 1854 | Lieberkiilin, M\\llurs Archiv,, pp. 5,0, 349-52,

pl. 4, nnwl

X |eeveeeaaat S 1854 Llubmkulm. Bnll Acad. Roy. Belg., XXI, pt.

2, p. 28,

X l ............ I ............ 1878 Lourr\glgf Parasiten des Menschen, p. 246,
| &

X P P, 1880 | Gabriel, Jahres-Ber. schles. Gesollseh. f, vater].

Cultur £, d. J. 1370, LVIT, pp. 188-95.

DS I P 1881 | Bitlsehli, Ztschr. f. wisy. Zool, XXXV, pp.

. i 635438, pl. i1, figs. 25-40,

X JDEs Zoolog. Record for 1881, NVTI1, th pp. 34-35
l.\l)‘xi(limn.| ............. 1882 | Biitschli, Bronn‘s Thier. Roioh, , PP 093—.:,
i 1 48, figw. 12-15.

x : 1883 an“)l.ll}l. Jouwrn, de Miorogr.,, VII, pp. 200-1,

274-5, tig. 64,
X 1884 Bnll:){m(l)u Luwun sur les Sporozoaires, pp. 126,
| 120-30, lig. 45,
Myxidium.'...... -] 1885 ) Lankest inevelop. Britan., 9 ed., XIX, p. 855,
N NS
X 1836 welkart, Parnsites of Man, 2od., p. 190, fia. 08,
, Psorosper- . 18387 llmt b, l'nuMop d. gesnmme, .llncrlu-zlkn o
i mium. | Thierzueht, 1V, p. 0, 1ig. 068, 1
D S PN [eernesoanenn 1888 Pfeitler, Zeitsohr, f. JI',«ien Leipng 1V, p.
I 409,

X e 1890 | Th¢tohan, Annal. de Microgr. II, p. 198.

X L it tieees creneeanaas 1800 | Pteittor, Archiv, f. pathol. Anut u. Physiol.,
| ! CXXIL, pp. 559-60.

............ Y eeeieeesl| 1800 | Pleifier. Die Protozocen als (\mukhelhcnogor i
! ed., }»p 41-9, 65, 98, figs. 12,13, 15, table, figs,
1-11

X ' ............ e 1801 Pfeiller, Dis Protozoun tls Krankheitserr reger, 2
‘ i ( ed.. pp. 20, 91, 105, 127-33, figs. 52, 83, 65,
Myxidinm.[..ooaaia.. 11802 | T h((ilohml.]"l!nll Soc. phllmmlt l’xulm v, pp.
| ' 160, 169, 175
Ay xidium. s | 1802 Lngl\-r & Prautl, I)wn\(nrlhh Tflanzenfimition,

Leipzig, Lttge. 76, fig, 22,

X* l... ..................... 1803 | Pervicr, Traité de Laol. o Pp. 459-60.

X P RN eeeeeieeaen 1803 Uhhm\clwx Journ, Awmer. Med, Assoc., XX, p.
‘Myxidlum.‘ ............ 1893 Gy‘l{le‘\‘ Bull. U. S, Fish Com. for 1891, XI, pp.
Myxidium.|............ I 1803 | Brann, t( nsnrnbl f. Bakt, u. Parasitenkde,XIV,

l)l\ TR
Myxidtum..cooooae..n ’ 1894 | Bmu& Contralbl. f. Bakt. u. Parasitonkde, XV,
p. 87,

*Of air bladder; error,
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The description is based upon the (in the main) accordant results of
Lieberkiihn, Balbiaui, Biitschli, and Pfeiffer, particularly upon those
of the last two observers. Gabriel’s accordant results have been incor-
porated, his divergent ones mostly footnoted.

Life-listory (Pteiffer).—Emerging from the spore, the young myxo-
sporidium (until now the sporoplasm) next penetrates into the interior
of the red blood corpuscles or of the cells of the bladder epithelium.
Ifs intracellular existence continues until its increasing size ruptures
the cell wall, when it escapes, differentiates its own protective cecto-
plasmic layer, and resumes amaboid movements. Finally endogenous
(pansporoblastic) spore formation takes place, the spores ultimately
become free, and the life-cycle is complete.

Cyst none.

Myzrosporidium.'—Form varying much with age; at exit from spore
globular-ameeboid: while within, and at the time of exit from the
¢pithelial and red blood cells, roundish; older forms cylindrical, ribbon
or club shaped, or irregularly amoeboid, presenting a very grotesque
appearance, with branches, forkings, and long appendages. Size vary-
ing with age up to a maximum length of 300 u (Biitschli) by a breadth
of 136 4. Youngest myxosporidia colorless; older ones colored yellow-
ish or reddish or brownish-red by inclusions of extraneous pigment in
the endoplasm. Myzxoplasm, in all but the youngest stages, presenting
a clear differentiation of ectoplasm and endoplasm.

Ectoplasm forming a rather thick, very transparent, colorless, deli-
cate, fincly granular layer, containing none of the characteristic endo-
plaswmic clements; end in contact with the mucous membrane, colorless,
destitute of granules, leafy or pronged for attachment. Opposite end
richest in granules and in pigment, free-floating, usually rounded; free-
floating forms partly agreeing with the above, differing, however, in
being destitute of pronged processes, showing at times some peculiar
differentiations, particularly the appearance shown on pl. 44, fig. 3,
where it seems permeated by a system of canals. One end of body
often more or less plainly radiate-striate, the usual distinction between
the ectoplasm and endoplasm being here absent. This Prof. Biitsclli
regards as the attached (pronged) end. Also not rarely are seen a series

! Gabriel belioved that_the Lladder does not furnish a snitable environment for
metasporal development, consequently the latter must, he thinks, take place in or
via the external world. In his opinion the myxosporidia living within the bladder
represonts not normally developing, but progressively degenerating forms. Such
dovelopinent as occurs within the bladder, by which apparently the way has been
propared for the replacement, at least within certain limits, of the perishing mother
organisms, does not exclude the possibility of ripe spore-containers or free spores
finding their way to the outer world and there under favorable (but as yet unknown)
conditions developing. This supposition, a necessary postulate, becomes a certainty
when it is romembered that only thus [by active or passive migration] could the
parasite have reached the bladder. Probably repeated, though perhaps (as indicated
by the variations in their occurrence) not continuous, infection-immigrations ocour-
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of dark, longitudinal, ectoplasmic laminm separated by clear, somewhat
reddish, apparently semifluid interlaming. Not infrequently there exists
asimilar clear reddish boundary layerbetween ectoplasm and endoplasm
(Biitschli).

Endoplasm consisting of colorless or yellowish myxoplasm, usually
tinted reddish to reddish-brown (sce Haematoidin below); distinguished
from the ectoplasm by its color and by the presence of granules, globules,
numerous small nuclei, vacuoles and inclusions (notably haematoidin
cerystals). Granules minute, arranged without order. Globules num-
croug, irregularly scattered: in all probability fatty, being soluble -in
aleohol ;! containing hmematoidin crystals. The older writers also
include the nuclei under the term globules.

Nuclei very numerous, small, with a dark surrounding membraue,
granular contents, nucleolus and radiating fibrillo (Biitschli). Ploiffer
remarks ? that these are to be referred Lack to the original single
nucleus of the young myxosporidium.

Vacuoles (apparently nonpulsating; indefinite as cegards number
and position), are somectimes seen in forms with few granules.

Haematoidin crystals: These were first observed by Lieberkiihn.?
They were subsequently noted by Biitschli, ¢ who rightly remarked
that they must be derived from the blood of the host; i. e., that they
are of extramyxosporidian origin. They ocenr in the fat globules, and
are found free in the protoplasm only after solntion of these globules by
alcohol. They can be found from the smallest beginnings up to a more
conspicuous size, the fat-globules then forming a proportionally slight
covering for them (Biitschli).

Pfeiffer > describes and figures a red blood corpuscle as included

- within the endoplasm. This he regards as the source of the hama-
toidin crystals. He asserts that they arve constantly present aud that
they occur free or within the fat-globules. He adds that if the myxo-
sporidium has ameboidly surrounded these blood corpuscles and now
consumes them, then in spite of the structure of the spores the Myro-
sporidia can no longer be regarded as Gregarines.

Pseudopodia of 2 kinds: (1) Blunt, obtusely rounded, usually
formed of ectoplasm alone, endoplasm taking part in formation only
where the body as a whole forks. (2) Fine, hair-like or bristle-like,
usually rigid, frequently branched, comparable to similar processes of
many amaebm, frequently covering whole surface, not rarely, however,
limited to a certain region of same (e. g., the end, as in certain amemb®);

! Biitschli, Bronn’s Thier-Reich, 1882, 1, p. 594.

IDie Protozoon als Krankheitsorregor, 1890, 1 ed., p. 44,

3 Miiller's Archiv., 1854, p. 350; soc nlso noxt footnote,

4 Ztschr. f. wiss. Zool., 1881, XXXV, D. 642; Broun’s Thier-Reich, 1882, 1, p. 594
Biitschli credits their discovery to Lioberkiihu and Meissner. I infor from Lieber-
kithn’s statement, that Mejssner’s results wore comwunicated to him orally but were
ot published. .

s Dio Protozoen sls Krankleitsorreger, 1890, 1 ¢d., p. 46; ib., 1892, 2ed., pp-17,132,
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both varieties may be retracted and again extruded; some of these
processes are, however, optical illusions, being views in optical section
of transverse ectoplasmic folds (Biitschli; Pfeiffer).

Amaeboid movements’: Slow, well scen when examined in the urine
of the fish; absent (from rapid death of myxosporidium) in water and
many “indifferent” fluids, e. g., egg-albumen solution. Best seen in
pike’s urine at 24° C.; the ectoplasm exceutes very extensive amaboid
movements, wrinklings, and foldings (Pfeifler).

Spore formation.?—Not confined to adult forms, but found in myxo-
gporidia of all sizes. Thus few-spored large, and many-spored small
myxosporidia are often seen (Gabriel). This occurrence at different
times is explained by successive ripenings of the different individual
myxosporidia composing the plasmode. Small round myxosporidia not
yet entirely freed from the epithelial cell-remnaunts often contain 2 or
more spores (Pfeiffer).

+  Pansporoblast formation: This, the first step toward spore for-
mation, takes place by tho differentiation within the myxoplasm of a
number of small, clear, transpareut plasma-spheres ( pansporoblasts), each
consisting of one of the many nuclei of the myxosporidium, together
“with a portion of the surrounding mysxoplasm which it has attracted
to it. Sometimes early, and in all cases later, each pansporoblast is
gnrrounded by a thin dark membrane,® and is found to contain &
number of nuclei, usually 6.

Pansporoblast-segmentation: Subsequently, instead of the pansporo-
Dlast consisting, as originally, of the pansporoblast membrane contain-
ing a single (usually sexanucleate) plasma-sphere, it comes to cousist
of the same membrane containing two ¢ (usually trinucleate) plasina-

1 Gabriel (loc. cit.) gives a very detailed description of these movements, concluding
that they are so complex and peculiar as to find no parallel with the Gregarines, and
none appears admissible with the psendopodial movements of the Protozoa. Special
emphasis is placed on the presonce in the myxoplasm of a “‘thread-drawing” (Faden-
ziehenden) substance,- capable of cmitling pseudopodioid processes, but incapable of
retracting them. This, Gabriel asserts, finds a parallel only in myxomycete plasmodes,
of which it is an oxclusive feature, Biitschli (1881, p. 610) has, however, observed
tho retraction of theso processes.

2 Description Biitschli’s, unless otherwise stated. .

3Pfeiffor confirms. Upon examining a myxosporidium in a dilute solution of
eosin, or other stain, the spores stain only after rapture (by pressure on cover-glass)
of this membrane. Gabriel dissents, regarding the pansporoblast as a ‘“wall-les8
vacnole, which first talies on tho vesicular appearance described by Loydig at &
later stage.” According to Gabriel the pansporoblast does not always persist to
maturity, so that in the later stages it may be vainly sought. Gabriel was unable
to trace a genetic relation between the *‘ granules” (2 nuclei) of the myxosporidium
and the spores, whence he concluded that the latter originate Ly a process, not of
myxoplasmic integration but by one of secretion, the morphologic substratum of the
sporigenous vacuolos being regarded as polysporogenetio centers strongly contrasted
with the monosporogenctio centers of the Gregarines,

1 Spores in this species always developed in pairs (Biitschli). Spores not alway®
though usually, developed in pairs; such paired development may be absent among
both developing and free spores (Gabriel),
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hemispheres (sporoblasts, sens. strict.) which ultimately develop into 2
spores still contained within the pansporoblast membrane.

Development of sporoblast to spore: The fate of the 3 nucleus-like
bodies remains in doubt. The central one Biitschli observed to develop
into the spore-* nucleus.” 7The other two do not ! (as would naturally
be supposed) develop into the capsules; on the contrary, the 2 nuclei
disappear, while the capsules appear in the protoplasm independently
of them. Gabriel sometimes obscrved the sporoblasts (i. e., spores still
within the pansporoblast membrane) to undergo a slow progressive con-
traction to a globular shape, showing their membrane (presumably tho
fature spore-shell) to be not yet rigid. A similar contraction was seen
by the same observer in spores with partially disorganized shells.

Spore.—Transversely and unequally biconvex-lenticular; length, 5 u
(335", Lieberkiihu; 4 to 6 u, Thélohan); breadth, 20 s or less (Biits-
chli; 15 to 20 u, Thélohan). Shell plaiuly visible, sharp contoured,
rather thick, frequently showing a delicate antero-posterior striation;
bivalve structure unkunown, sulphurie acid producing no eflect. Cap-
sules 1 in each wing?; filunents 2 to 3 times the breadth of the spore.
Sporoplasm almost completely filling the shell-cavity, extending even,
to the wings, there surrounding, as a thin layer, the capsules. Nuclei,
2 (fide Thélohan, letter 1893). Concerning them and the vacuole-like
structure shown in Biitschli’s figures, M. Thélohan writes:

The spore of Myxidium lieberkiihnii does not contain a vacuole. This is a fact of
which T have assured myself many times. The dark streak shown in Biitschli’s
figures belongs, without doubt, to the 2 nuclei of tho plasmic mass which are often
a, proximeted, and, after the action of slightly clective stains, appear blended into
a single mass.

it of sporoplasm (Pfeiffer).—Easily observable by examination of
bladder-mucus in urine of pike at 24° C, After 4 to 12 hours a scat-
tered mass of burst shells are scen; also many spores not yet burst,
showing the contents much more plainly separated than in fresh speci-
mens. In someindividuals the sporoplasm is seeu to flow ammboidly
out * between the shells” (which are pecaliarly nnraveled) and wander
away. )

Gabriel states that dnring the whole year that he studied this species
he never saw the shell split to give exit to the sporoplasm, On the
contra.i'y, he describes the process substantially as follows:

Shell undergoing a rather easily observable fluidification or resorption, its contonr

(herotnfore, though thin and delicate, plaiuly perceptible), aftor a variable period,
ontirely disappearing. Sometimos during the resorption stage, always by time of

i On the contrary, Pfeiffer (Dio Protozoen als Krankheitserreger, 1890, 1 od., p. 98;
1891, 2 ed., p. 132), however, states that the capsules are formed from these 2 nuelei.

28ometimes only 1 capsule at 1 “end,” very rarely 2 capsules together in the
contor (Lieberkithn). Rarely ventricose monstrosities are seen with 2 ocapsules
situated togcther at 1 “end” (Biitschli). Balbiani figurcs, beside the usuul forms,
others with 2 capsules in each wing.
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disappearance of shell-contour, significant changes oceur, involving capsules as well
as sporoplasm, the capsules behaving throughout as integral parts of the ¢ proto-
plasmic contents.” The sporoplasm, previously very transparent, bluish, rather
strongly refringent and destitute of granules, becomes paler, sharply contoured
granules rapidly appear in spots, and these very delicately contoured, round-
elongate or irregnlar [formerly sporoplasmiec, now become myxoplasmic] masses grow
slowly or rapidly to small, strongly granulated plasmodes which already show some
yellowish or reddish-yellow pigmented spots.

Gabriel has also the following strange statement as to the subsequent
course of development:

Now it appears very peculiar that these 3 constantly present, morphologically
individualized, delimited, constituent parts [sporoplasm and 2 capsules] should, in
their further development, be restricted to a double course, viz, eithor fusing to a
single protoplasmic mass or remaining in the original state of separation; in tho
latter case, fulling apart by a rapidly progressing division, eachinto 2 (rarely more),
approximately equal, parts.

Growth of myxosporidium (Pfeiffer).—The young myxosporidium
'[heretofore termed the sporoplasm], immediately after its exit from the
spore, penetrates into the interior of the red blood corpuscles and of
the cells of the bladder epithelium. The infection of the former may
be followed under the microscope. After 8 to 12 hours they show
a noteworthy alteration, having become pale and, instead of 1nucleus,
containing 2, 3, or more nuclei. One of these nuclei is jagged, or
wrinkled; the other (or others) is somewhat smaller, smooth, round,
shining, and occupies (with reference to the jagged nucleus) a variable
position. Heematoxylin stains the jagged nucleus dark, the smooth one
bright. 'With the increasing growth of the smooth nucleus the jagged
one rapidly falls to pieces, and its remnants become pressed against the
cell wall. Methylen blue and phloxin red stain the disrupted jagged
nucleus black-blue, the other a uniform red. Ifrom these observations
and the analogy of Lacerta and Testudo blood, the jagged nucleus is
to be regarded as the cell nucleus, and the smooth nuclei as intruded
myxosporidion germs. Here, too, the multiple infection (Mchrlingsin-
Jfektion) is repeated. ;

Microscopic technique.—Removed from their mnormal habitat, the
myzxosporidia rarely remain intact more than 24 hours, and then only
in “ndifferent” liquids, preferably (besides iodized serum) a 1:5 per
cent sodium carbonate solution or a 0:5 per cent sodium chloride solution
(Gabriel). Phloxin red and methylen blue stain the ectoplasm &
sharply defined red, the entoplasm inclusions blue. This striking result
causes the myxosporidium to resemble a true rhizopod (Pfeiffer).

Habitat and frequency.—Urinary bladder of Lucius lucius (pike).
Most frequent and most highly developed in late summer and auntumn;
rare in winter; thence increasing in frequency. Size and age of host
exert no influence (Gabriel). Free-floating in urine or attached (by
pronged end). Biitschli observed young examples with one end partly
surrounding an epithelial cell which had been torn away, thus present-
ing a Gregarine-like mode of attachment, Observed by Lieberkiihn.
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attached firmly to Distoma folium (frequently found in the pike’s blad-
der); also attached to other myxosporidia. Observed by Biitschli in
December.

All individuals of Lucius from the Rhine and Saar have myxospo-
ridia in the bladder, while those from the Elbe and Weser territory only
exceptionally show them (Pfeiffer, 1891, p. 110).

Perrier erroneously cites the habitat as the air bladder,

Pathology (Pfeiffer).——The coarser anatomical details can be seen
(under 300 or 400 diameters) by carefully stretching a bladder tightly
over a cork, placing a cover glass underneath, brief fixation, and bhard-
ening by alcohol and staining. Control experiments may be made by
maceration in diluted acetic acid. The infeetion of the bladder was
also followed by capillary cnltures.

Mucous membrane, when slightly affected, showing individual clustérs
of 4, 5, 100 or more epithelial cells infected with myxosporidia; thence
all grades of hypertrophy (up to 10 to 30 times the normal size) can be
traced.

Hypertrophy of epithelial cells:: When slight, the cells are swollen,
shining, apparently lobed. Pfeiffer failed to differentiate the nucleus
and the intruder, probably owing to early succumbing of the nucleus.
With greater hypertrophy the cells are filled with and overdistended
by the parasites; subsequently, continued growth of the myxosporidium
ruptures the cell membrane; the myxosporidiun flows ameceboidly out in
grotesque shapes, and immediately differentiates its hyaline ectoplasm;
rupture of cell membrane visible under the microscope. H:cmatoxylin
or phloxinred-methylenblue stains a narrow-bordered, dark globule in
the interior of the swollen epithelial cells; nucleus of latter invisible;
largest cells indicating, by ragged coloring of contour, the degeneration
of the epithelial remains.

Effects (of this species??).—Of late years dead pike and perch have
frequently floated down the Mosel and the Rhine, It is doubtful:
whether the disease here1s the same as the muscle infection of the
barbel. According to a statement [unpnblished, I infer] by Dr. T, W,
Miiller in Greifswald, the spore found in the flesh of the pike is not the
same as that of the barbel, but is formed upon the type of M. licber-
kiihnii (Pfeiffer).!

Whether the pike and perch in the Mosel die from myxosporidiosis is
unknown. With the perch, fungous disease concurs (Ludwig).?

101. Myxidium ? ? incurvatum Thélehan, 1892.
Compt. Rend. Acad. Sci. Paris, cxv, pp. 1093-1094.

Cyst, probably none. .

Myaxosporidium.—Small, feebly motile. Ectoplasm (in sections) very |
clearly striate. Pseudopodia lobed, sometimes frming a bristly, shaggy |
coat, as in Myxidium licberkiilnii, |

! Die Protozoen als Krankheitserreger, 1892, 2 ed., p. 105.
s Jalhresber. d. rhein. Visch.-Vorcins Bonn, 1883, pp. 27, 28.
F 0—19
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Spore—~—Possessing only one plane of symmetry, viz, the valve-
junction plane, differing in this respect from most other myxosporidian
spores, which have another such plane perpendicular to valve-junction
plane. Form very remarkable, comparable to a pod whose acuminate
extremities are oppositely directed ; length (?),4 to 54 ; breadth (%), 8 to
94 . Capsules, 1 at each end (or wing?), their long axes oblique and
oppositely directed with reference to the long (transverse?) diameter of
the spore. Tilament extrusion very difficult of production; produced
by nitric acid; length of filament, 124; sporoplasm nonvacuolate.

Habitat.—Gall bladders of Onus tricirratus (=Motella tricirrata),
Syngnathus (=Entelurus) aquoreus (pipefish), and Blennius pholis, all
from Roscoft; in B, pholis from Concarnean; in Siphostoma (= Syngna-
thus) acus (pipetish) and Callionymus lyra.

The description of this species is not sufficient, in the absence of
figures, to warrant a positive opinion as toits generic affinitics. Ihave
attempted to construct from Thélohan’s description a diagram of the
spore, but without success. The prevalent very loose use of such terms
as “ends,” “extremities,” ¢“length,” ¢ breadth,” ete., renders them
invalid for taxonomy, and the only course open seems to be to retain
this provisionally in Myzidiwm, noting that in its bivalve structure it
differs markedly from M. licherkiiknii, the type spccies,

102. Myxidium? sp. incert, Pl. 47, fig. 6. ‘ )
Psorosperms of I«ju batis, Leydig, 1851, Miiller’s Archiv., pp. 226, 234, pl. 8, fig.
4g; ib., Leuckart, 1852, Archiv. f, physiolog. Heilkde., x1, p. 436, fig. 21b.
Myzidium? sp, Gurley, 1893, Bull. U. 8. Fish Cow. for 1891, x1, p. 420,

No deseription. The distinetness of this formm from Chloromyxum
tncisum was recognized by Leydig (p. 234).

Habitat,—Free in bile ducts of Raju batis L, (skate),
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EXPLANATION OF PLATES,

All figures copied are either of the same size as, or 1§ times the size of, the figures
from which they were copied; that is, in copying only 2 ratios were used, 1:1 and
#:1. The relative sizes of the copied and the original figures are in every case
%ndiczl.t-ed by the figures within the parentheses. All figures outside the parentheses
Indicate the total amplification from the specimens. YFor the derivation of any tigure,
8ee table, pp. 131-134.

PLATE 1,

Figs. 14. Psorospermia scienc-umbre (after Robin, X 3).
la. The convoluted string (cordon enrould). X 13.
1b. Section of fig.1la. X 13.
2, Cells of variety 1. X 600.
3. Cells of variety 2. X 600.
4. Operculate cells of varioty 3. X 600.

PraTte 2,

Figs. 1-2. Lithooystis schneideri (after Cuénot. X 8).
1. Gregarine stage, with voluminous nucleus and clinorhombie orystals.
2a. Spore at the extremity of the tube, showing the truncated distal aw..
rounded proximal extremities, and the sporozoites in course of formation,
.. 2b. Fully developed spore containing 8 sporozoites.
Fig. 3. Genus incert, sp. 3 (after Miillor & Retzius. X #). Spores from the diseaseu
air bladder of Gedus morrhua.

PraTu 3.

Figs. 1-5. Balbiania rileyi (after Stiles. X 1}.

1. A portion of the pectoral muscles of 4nas boschas in the condition known as
“measly duclk.”

2. Longitudinal section of parasite (greatly enlarged).

3. Transverse section (greatly enlarged): of, connoctive tissue oyst with numer-
ous riuclei; cu, cuticle of the parasite; m, sections of muscle.

4. Microtomeo section of meshes containing fuleiform bodies greatly enlarged.

5. Falciform bodies: a, stained, showing nucleus and vacnole; b, unstained.

PLATE 4.

Fig. la-m. Genus incert sp. 4 (after Valentin. X 3).
la. The original globular form. .
1b-d. Different stages of the unrolling of tho tail.
1lc. A globule in which the separate dark granules appear to be inclosed i w<pa-

rate peduncles.
1f. Peduncle ideally enlarged. .
. 1g-m. Various forms of the developed anm;n.l.

Figs. 2-8. Genua incert, sp. 6 (after Schewiakoff, X 1)
2. Ammbiform stage. X 1500.
3-5. Eneystment. X 1500.
6. Cyst with 6 spores. X 1500.
7. Cyst thickly filled with spores. X 1500.
8, Plusmodo proceeding from the fusion of 3 amwbw, X 1500.
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PLATE b.

Figs. 1-11. Géhus incert. sp. 6 (after Schewiakoff. X 1
1-3. Developmental stages of the plasmode. X 1500.
4. Encystment. x 1500.
6. Cyst-tube with spores. X 1500.
6. A ruptured cyst with emerging spores. X 1500,
7. Spores sessile on the muscles. X 1500.
8. Individual spore. X 2600.
9. Small plasmatic corpuscles {;roceeding from the spores. X 2600.
10a-l. Transverse division of the spore; the nucleus dividing karyokinetically.
X 2600.
1la-b. Conjoctural conjugation stages of the spores. X 2600,

PLATE 6.

Fig. 1. Genus incert. sp. 9 (after Lieberkiihn in Biitschli. X 3). X about 195.
Myxosporidium from the gall bladder of Lota lota.
Fig. 2. Genus incert. 8p. 10 (after Lioberkiihn in Biitschli. X §). X about 195.
Myxosporidium from branchim of Lota lota with a very thick ectoplasm.
Figs. 3-8. Genus incert. (‘“ Myxosporidium”) congri (after Perugia. x 1),
. 34. Two forms with ¢ vacuoles.”
6. An individual attached to a vegetable filamont.

PraTe 7.

Figs. 1-3. Genus incert. sp. 12 (after Linton. X 1).
1. Notropis megalops with dermal cysts caused by ‘‘ psorosperms.” X 1.
2. Spores from cysts, highly magnified.
2a. Vertical view of spores in eaustic potash.
2a’. Same, more highly magnitied.
2b. Transverse view of spore.
2¥. Sawne, more highly magnified.
2¢. Spore treated with sulphuric acid.
3. Portion of thin section of cyst: a, pigment spot; b, granular protoplasm;
¢, spores; d, wall of cyst and dermis. X about 150.
Fig. 4. Genus incert. sp. 13 (after Lieberkiihn, X #).
4a. Spores from a subcutaneous cyst of Gasterosteus aculeatus. X 870.
4b-c. The same in different stages of development; b, spore with plain ““nuclens”
of usual size; ¢, d, with smaller *‘ nncleus;” e, “ nucleus” scarcely per-
ceptible, the previously plain membrane no longer visible, animal
mature.
Fig. 6. Sarcosporidian spore of sheep with a ¢ capsule” (after Pleiffer. X 1).

PLATE 8.

Figs. 1-4. Genus incert. (*‘ Myxosporidium” ) bryozoides (after Korotnetft, X 1).
1. I"tnicle of Alcyonella fungosa, with the spermatozooids and the parasite on
them. X 350 )
2, A parasite inclosed in an Aleyonella zooid. X 350,
3,4. Creeping adults with nuclei and spores. X 750,

PraTE 9.

Tigs. 1-4. Genus incert. (““ Myzosporidium”) bryozoides (after Korotneff. X 1),

la. Group of spermatoblasts, 2 of them containing very young stages of the
parasite. X 900, .

1b-d. Different stages in the conversion of a spermatoblast into a plasmode;
cell nuclei and parasite nuclei shown. X 900.

le. Plasmode in which 1 daughter, and 2 granddaughter cell nuclei are visible.
Nuclei of parasite nnmerons.  x 900,

2. A plusmodeg(i)r(x) which the cell nuclei are atrophying and possess a jaggoed con-
tour. X .

3. Spores in which vacuoles and urticant organs are to be distinguished. x 900

4. Nueclci of the parasite of plate &, fig. 3.
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PLATE 10.

Figs, 1-3, Glugea anomala.

la-h. (After Gluge. X 1.)

la, b. Showing Gasterosteus aculcatus with tumors on sides of body and on tail.

X 1.

lc-¢. Spores variously magnified. X 255-840.

17, . The same ¢ coagulated.”

1k. Cyst membrane.

2. Section showing, from above dewnward, subcutaneous connactive tissne, oyst

membrane, protoplasmic contents of cyst, and spores (after Thélohan. x1).

3a-i. Group of spores: a, b, fresh; o-i, safranin stained; o, d, s{)ores with 1
. nucleus; e, f, with 2 nuclei; g, with 3; &, i, with 4 (after Thélohan. X 1),
Figs, 4-5. Thelohania contejeani (after Hennegny and Thélohan).

4. Longitudinal section of diseased crayfish muscle (X 1).

5a. Spores in sporophorous vesiclo, and {ree éx H.
. 5b. Individual spore, more highly magnitied (X #).
Fig. 6. Thelohania octospora (after Henneguy. X 1).

6a. Sporophorous vesicle with spores.

6. Individual spores.

60. Longitudinal section of diseased muscle of Palawmon reotirostris, showing

sporoplorous vesicles botween the separated fibrillm.
6d. Portion of o more highly magnified.

PrLATE 11,

Figs, 1-5. Thelohania octospora (after Hennoguy nund Thélohan. X 1 except fig. 5).

1. Transverse section of entire abdoen of a badly diseused Pal@mon rectirostris,
showing, opposite the letters, the following: m,m, affected muscles; dt, diges-
tive tube; », nerve cord; ol, sections of the claws.

2. Longitudinal seetion of muscle showing the dissociation of the fibrillm.

3. Transverse section of diseased mnuscle.

4. A part of fig. 2, morc highly magnified, showing fibrillm with very olear stria-
tion, and the sporophorous vesicles.

Sa-d. Showing the spores: b, in the fresh state showing the vacuole; a, o, 4,
after action of ether; a, with the filament partially, o and d with it com-
pletely, extruded (X §).

PLATE 12.

Figs. 1-2. Thelohania giardi (after Henneguy and Thélohan).

1. Spore formation (X §).

la. Young pansporoblast.

1b. Pansporoblast whose nucleus has lost its membrane and presents itself under
the form of an equatorial plate.

lc. Pansporoblast whose nucleus has segmented into 2.

1d. Pansporoblast the protoplasm of which has segmented into 2 uninucleate
plasma Leispheres.

le. Pansporoblast in the 1v stage; fresh state. X

1f. Pansporoblast in the 1v stage, the angumentation of size of nuclei and change
in disposition of chromatin preliminary to division.

1g. Pansporoblast in the 1v stage; nucleus in repose.

12, 3. Pansporoblast in the vl stage; different dispositions of the sporoblasts
(the 8th in ¢ is not represented, i‘)omg hidden by the others).

1k. Sporophorous vesicle inclosing 8 ripe spores.

11. Pansporoblast inclosing 4 normal spores, and 2 bodies each formed by the
soldering together of 2spores by thoir large ends: a, thickening of the pan-
sporoblast mombrane; b, spores soldered; 8, normal spores.

1m, n. 2 sporoblasts with crescentic nucleus. In the concavity of the latter, a
clear vacuole. At n a small protoplasmic button projects into tho vacuole.

lo. Spores in fresh state showing at the large end a clear vacuole and at thesmall,
a brilliant point correspouding to the capsule.

1p. Spores showing the vacuole and the longitudinal shell-strim.

1g, . Spores after action of sulphuric acid: g, filament incompletely unrolled;
r, filament completely unrolled,
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PrLATE 12—Continued.

Fig. 2. Pathological anatomy (X 1). Longitu dinal section of diseased mnuscle of
Crangon vulgaris, showing fibrillee with normal aspect preserved, and pau-
sporoblasts in different stages of development, and spores,

Fig. 3. Thelohania macrocystis (after Garbini. X 1).

3a-c. Sporophorous vesicle and spores.
3d. Spores.
3e. A section of the diseased tissue.

PraTe 15

Fig. 1. Myzobolus unicapsulatus (after Miiller. x 1).
la, b. Vertical view of spores, showing tho single capsule and the sporoplasm.
le. Vertical view of spore, showing sporoplasm (and vacuole?).
1d. Transverse view of spores.
Fig. 2. Myxobolus inequalis (after Miiller. X 1).
2a. Vertical view, showing the unequal capsules and the sporoplasm.
2h. Transverse view.
Tig. 3. Myzxobolus piriformis and M. ellipsoides. Spores highly magnified from
Malpighian corpuscles of spleen of Tinca tinca (after Balbiani. x 1).
3A. Nos. 1,2, 6, Myxobolus {)ir{for}rﬁﬂ (see p. 211, footnotd 1), showing the elon-
gate pyriform outline and the single capsule.
Nos. 3, 4, 5, 7, Myxobolus ellipsoides? (seo p. 211, footnote 1).
3B, C. Myxobolus piriformis or M, ellipsoides (which?®).
Fig. 4. “Degenerated forms” from the spleen, liver, and kidney of Tinca tinca (after
Balbiani. X ).
4a. Myzxobolus ellipsoides? (see p. 211).
4b, c. Myxobolus piriformis (see p. 211).
4d-f. Myxobolus piriformis or M. ¢llipsoides (which ¢).

Prate 14,

Figs. 1-3. Myrobolus brachycystis (after Remak).
1. Pigment follicle from spleen of Finca tinca, containing 3 ¢ vesicles” [pansporo-
blasts], each with a pyriform spore, To the rightsome of the pigment-con-
taining vesicles which fill the cyst. (All fide Romak, X 1.) X 200.
2. Thr%e oval vesicles with pyriform spores from the kidnoy of 7. tinca (X ).
X 375.
2a. Showing spores and numerous pigment colls.
2h. Showing 2 smaller vesicles, each with a pyriform spore.
2¢. A vesicle showing conspicuous thickenings of its wall, .
3. Vertical view of 2 pyriform spores with 2 capsules from tubiform cysts of the
spleen of 7. tinca. Similar spores are also found on the branchiz und in the
kidneys. (All fide Remak. x §.) X 675.
Fig. 4a-g. Myzobolus? sp. 38 (after Lieberkihn. X 3). X 675.
4a. Vertical view of spore.
4b-d. Spore in act of giving cxit to sporoplasm,
4e-g. Iree sporoplasmati of spores.
Figs. 5,6. Myzobolus? mugyilis (after Perugia. X 1).
5, Branchial lamelln of Mugil auratus with cysts,
- 6, Vertical view of spore.
Fig. 7. Myzobolus sp. 40 (after Licborkiibn in Biitschli. X §). X about 1050.
Ta. Vertical view.
Tb. Transverse view.
Figs. 8a~d. Myzobolus oviformis. From cyst of fins of Gobio gobio; sufranin and gen-*
tian violet (after Thélohan. X 1).
8b. Vertical view of spore showing 1 nucleus.
8c. Same, with 2 nuclei.
8d. Same, with 3 nuclei.
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PLATE 15.

Figs. 1-6. Myxobolus? sp. 41 (after Lieberkiihn; execept 1).
1. Two spores inclosed in the pansporoblast membrane (after Biitschli. X #).
X about 1050. .
2. Cyst from branchim of Gasterostens aculeatus (X 1).
. Free spores from cyst of fig. 2. (X §.) X 675.
4. Another cyst in which spore formation has taken place (X 1), X 330.
b. Another cyst (X 1). X 220.
. Ba-c. “Different forms [¢ developmontal stages] of spores” of this species (X $)
Fig, Ta-c. Myrobolus sp. 44.
7a. Tranaverse view of spore (after Lieboerkiihn in Biitschli. X 8)s X 1350.
7. “poro with valves separating, giving exit to sporoplasm (after Lieberkiilif,
X #). X% 1350. .
To. Sporoplasm undergeing wmaeboid moveunrents (after Lieberkiihn. X g)
X 1350.

PrLATE 16.

-

Flgs. 1-6. Myrobolus miilleri (after Biitsebli, X 1, exvcept fig. 1).
1. Two branchial lamellie of a cyprinoid; one containing & conspicdols myxo-
sporidium, ¢. The cartilaginous rod supporting the lamella (X §).
2. A portion of the membrane of fig. 4, more strongly magnified, showing * ni-
clei.”
3a. Transverse view of spore.
3h. Transverse view of 2 separated valvos.
4. An isolated small myxosporidinun with its membrand:
§. Nuclei of the myxosporidinm,
8. A series showing the developmental stages of the spote.
6a. Sporoblast which has segmented into the 2 protocysts and the protospoio-
plasm. .
b~c. The sogments have oriented themselves; the protocysts show Dbeginning
capsule formation.
d, e. Later stages of capsule formation. In ¢ orientation of the capsules has
taken pluce.

Prate 17.

Figs. 1-7. Myxobolus miilleri (after Biitschli. X 1).

la. Vorticalview; showing capsules, sporoplasm, vacuole and poricornnal nuclei.

10. Vertical view; showing capsules, “globules,” sporoplasm, and vacuole,

le. Vertical view, showing a common focus-appearance ($focus-illusion), the
pericornual nuclei apparently attached to the posterior extremity of the
capsnles. DBiitschli says the sporoplasm is contracted ” and hence the vac-
uole is invisible.

2, Transverse view of spore after action of concentrated sulphuric acid; the
filaments are extruded and the valves are beginning to gape apart.

3. Vertical viow of spore with extruded filamenta, sporoplasn, and ‘‘ globules.”

4a-d. “Abnormal” tailed spores; ¢, spore with 3 capsules.

5. A separated valve, viewed transversely.

6. Spore with filuments extruded by pressure.

7a. Capsule not yet completely doveloped, with the filnment extruded.

7b. A fully-deveioped capsule with extruded filamont.

PLATE 18.

Figs. 1, 2. Myxobolus piriformis and M. ellipsoidea (after Balbiani. X 1).
1. Section of splenic artory of Tinca tince, showing on the branches Malpighian
corpuscles, most of them containing J(yxosporidia.
2. The same, more highly magnificd, showing well-developed bicapsulate forms

(M. ellipsoides) and pyriform unicapsulate or noncapsulate and degenerate
forms (M. piriformis).
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PLATE 19.

Fig. 1. Myxobolus bicostatus (after Licberkiihn in Biitschli. X §). Vertical view of
spore showing the 2 oblique ridges on the shell, the capsules, and the
. sporoplasm.
Figs, 2-8. Myxobolus ellipsoides.

2,3. Pfeiffer’s copies of figs. 1a, 1b of plate 20 (X 1).

4. Mesenteric artery of Tincatinca with scssile or pedunculate cysts developed
at the expense of the covnective tissue coat of the vessel. Cyst contents
myxosporidia, alone or with imbedded brown (hwmatoidin-colored) gran-
ular matter (after Balbiani, X 1).

6. Section of diseased air bladder of T. tinca, showing spores and, at the left-hand
margin, the internal epithelial surfuce of the air bladder. Borax carwmine,
gentian violet (after Thélohan, Xx1). .

6. Section of cyst of branchiie of T\ tinca; showing in order, from above down-
wari, the branchial epithelium, eyst membrane, myxoplasm, spores, and the
nuclei of the last. Picro-carmine and gentian violet (after Thélohan., X 1).

7. Transverse section of air bladder; carmine, celloidin (after Pfeitfer. X 1).

% 100.
8. Portion of lig.7 (after Pfeiffer. x 1). X 400. On the wall of the cyst the
younger, still uninuclear, parasites; to the right trinucleate sporoblasts.

. PraTE 20.
Figs. 1-4. Myxrobolus elliproidecs.

la-c. Myxosporidinm and eyst from fins of Tinca tinca, with spores in course of
development (after Balbiani. X 1).

la. Small myxosporidinum containing only nuclei.

1b. More advanced stage.

le. Large encysted myxosporidinm containing numerous spores, mostly matnre.

2a~c. Three stages in spore formation, showing paired deveiopment of spores in
a mass of homogeneous plasma, and the spores contained at maturity in a
vesicle (after Balbiani, x 8).

3a-o. Spores from air bladder of T. tincashowing ribbons (after Balbiani. X 3).

8a, b. Spores united by the ribbons, the sporoplusm rolled into a ball, and the
‘““accessory’’ capsules.

3o. Isolated spore with extended ribbons; capsules empty; sporoplasm in a ball.

4a-e. Spores trom the air bladder of 7. tinca, showing different stages of devel-
opment of the nuclei; carmine, gentian violet (after Thélohan, X 1).

4a. Spore with 1 nucleus.

4b. Spore with 2 nuclei.

4¢. Spore with 3 nuclei.

4d, e. Spores with 4 nuclei.

Prate 21.

Figs. 1,2. Myxobolus ellipsoides.
la-h. (After Balbiani. Xx .
la. Vertical view of spore, showing pericornual nueclei and anteriorly a
' ‘“globule.”

1b. Transverse view, showing the equal convexity of the valves and the equality
of the two ends of the spore.

le. Vertical view of spore, showing capsules with filaments extruded, pericornual
nuclei, anteriorly a ¢“globule,” and posteriorly the sporoplasm (¥ contracted
nnder the action of reagents).

1d. Spore in vortical view, showing ribbons, and sporoplasm in act of exit.

le. Capsule with filament coiled.

1f-L. Different degrees of extrusion of filament.

2a~e. Sporoplasm after exit, showing changes of form (after Balbiani. X 3).
n, ‘“‘nucleus” [ { vacuole].

Fig. 3. “Degenerate processes of the spores of 7inca tinca with 3, with 2 aApproxi-
mated, with 1 capsule, with caudiform drawing ont of one pole, with
approximation to the sarcosporidian germs. ‘The same are found in the gall
bladder of the tench and in aneurisms on the splenic artery ” ( after Pfeiffer.
X 1). X 1000,

d. Myxobolus ellipsoides (apparently; remainder indeterminate).

Fig. 4a-b. Myxobolus cllipsoides?? ¢ Spores inclosed in a cell { ¥pansporoblast] mem-
brano hecoming stained at the moment of birth, with eosin” (after snd
fide Pfeiffer. X 1), x 750,

Fig. . Myzobolus ellipsoides. “Mature spore, with band-like connection of shell, and
with vacuole at place of expelled germ ” (after and fide Pfeiffer. x 1). X 750.
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PraTr 22,

Figs. 1-8. Myrobolus ellipsoides? (aftor Pfeiffer. X 1).

1,2, Spores from the gall bladder of Tinca tinca,
. 3. Spores from the air bladder of T tinca.

Fig. da,b. Myrobolus sp. 50 (after Leuckart. X 1).
4a. Vertical view of sporo.

.. 4b. Transverse view of spore.

Tigs. 5,6. Myxobolus sp. 51 (atter Pfeiffor. X 1),
5. Myxosporidian infection of Barbus barbus.
6. 'Tumors of muscle.

PLATE 23,

Figs. 1—?}: Myxobolus sp. 51, Myxosporidian infection of Barbus barbus (after Pfoif-
‘ er. X 1). :
1. ¥rom a photomierograph.
2. Infection of the wuscle cells and the interfibrillar connective tissne.
2a. General immigration of myxosporidian spores into muscle with degenera-
tion of the neighboring parts of tho muscle and with beginning of incapsul-
ing oun the part of the host.
2b. Split spores. To the left, the oxit of tho sporoplasm; to the right, empty
shells undergoing solution.
20. The myxosporidinm (sporoplasm) in the firat stages of growth; oun the right
the same, after bardening and haxmatoxylin,
2d. Next growth-stage of myxosporidinm; adhesion of individuals to a “sorus.”

PLATE 24,

Figs. 1,2. Myxobolus ap. 51 (after Pfoiffer. X 1).

la-h. Sections of muscles of Barbus harbus, showing myxosporidinn oysts, spores,
ete.  [or details, see Bibliography, LXXI1. p. 127,

2a. A large muscle cell of abdominal wall bended by myxosporidian cysts; the
transverse striation and the substance of the musclo has disappearod. Size
of cysts, variable; contents, spores. X 100.

2b. Fragment of muscle cell. Showing 5 spore cysts. Between the upper and
the next to the upper cysts lie 7 spores in the muscle coll (supplementary
immigration ¥). X 100.

20, Fragmoent of auother musecle cell with 6 cysts. The upper 2 with matur
spores; between them 6 spores, whose capsules lack the oblique striation
(filaments extruded ). The third cyst with the contents divided into pan.
sporoblasts, in which as yet no spores are visible. The fourth and fifth
(from above) showing nuclei, snurrounding dancing granules, and n hyaline
ectoplasi; hoth are inclosed in & mesh of the original musclo cell. X 400

2d. Myxosporidium free in the interfibrillar connective tissue. X 750.

2¢. Mature spore. X 750,

PLATE 25,

Figs 1-6. Myzobolus gp. 61,

1 a-h. Group of sporoes, most of them viowed vertically (after Mégnin, X §)

1b. Spore with filaments extruded.

1c. Isolated capsules.

1d. Same, with extruded filament.

le. Spores viewed transversely.

1/-k. Spores apparently imbedded in the myxesporidium.

2. Showing a, vertical, and b, transverse views of spure, and ¢, o transverse dow
of a separated valve (after Ludwig. X 1). X 2000.

3. Spore viewed vertically (after Pfeiffer. X 1).

4. Isolated myxosporidium, showing spore formation (aftor Pfeiffer. ¥ 1).

5. Spores and the extruded amaboi Hporop}asm (after Pfoiffer. x 1).

6a.Vertical view, showing one capsule with filament extruded, speroplasm,

vacuole, and 3 refringent bodies of undetermined significance.

5b. Transverse view of spore showing ridge.

Be. Sporoplasm, after exit, in various locomotive stages.

6. Spores, showing filaments extruded, and sporoplasm in the act of, and after
emit, apparently also the vacuole (after Pfeiffer. X 1). X }AA.
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PLATE 26.

Fig. 1. Myxoholus sp. 52. Section of a pigment follicle of the walls of the splenic
artery; after slight pressure the pigment globules are seen showing untailed
spores (after Remak. X 1), X 200.
Fig. 2. Myxobolus sp. 53 (atter Rayer. X 1). Vertical views of spores,
Figs.3-6. Myrobolus oblongus.
3. Branchiwe with cysts (after Mitller. x 1).
4. Individual lamelie with cysts (after Miiller. x 1),
5. Spores (after Miiller. x 1).
5a. Vertical view.
5b. Transverse view.
6. Spores (original),
6a. Broadest form, showing, in the sporoplasm, the central tongue-shaped
dark-staining portion and the first and third series of nucleitorm bodiesg,
Gentian violet; slightly dingrammatic,
6b. More elongate form, showing the tongue-like process and the socond and
third series of nucloiform bodies. Gentian violet; somewhat diagrammatic.
6¢c. Narrower form, showing the fir<t and seccond series of nucleiform bodies.
Hydrochlorie acid aleohol carmine.
6d. Narrow form, showing the 3 series of nucleiform hodies and posteriorly an
unusual appearance. Hydrochloric acid alcobol carmine.
6e. Transverse view of spore, showing equality of valves and relative width of
ridge (ridge index).,
Figs. 7-8. Myxobolus lintoni (original). Vertical views of 2 spores, showing cap-
sules and sl)oro lasm, the latter with vacnole and 4 nuclei (2 of them the
pericornual). ydrochloric acid alcohol carmine.

PraTi 27,

Myxobolus linfoni (after Linton. X 1). Nos. 2-13, highly magnified.
1. Cyprinodon variegatus, with cxerescences caused by this specics; one on
right side, and another on left side showing above outline of back. X 1.
2-3. Spores showing tho pericornual nuclei. In fig. 3 there are a few small
refractile globular masses near the posterior end.
4. Spore treated with osmic acid, showing mouths of the ducts.
6-6. Spores in transverse view, showing the ridge.
7. Spore treated with acetic acid, showing vacuole (exaggerated).
8. Diagram of cross-section, showing lenticular shape of spore.
9-11. Specimens treated with concentrated sulphuric acid.
9. With a fow refractile hodies and 1 filament extruded.
10. Sp;)re with both filaments extruded and a number of small refractile glob-
ules.
11. Spore with sporoplasm ‘‘contracted” [¢ shranken by reagents]; “a thread
also appears at the end opposite the polar vesicles.”
12-13. Free capsules and filaments, after treatment with concentrated sulphuric

acid.

14. Calcarcous bodies found in the abnormal tissue, associated with the M.
lintoni. X 200. .

15. Three of the same, with a few spores. Sketch from material after action of
potassic hydrate. X 400.

16. Spores in silu: (a) nests of spores; (b) section of blood capillary; (¢) con-
nective tissue. Sketch made from a section of decalecified abnormal tissue.

PraTe 28.

Figs. 1-3. Myrobolus globosus (original).
* 1la. Vertical view of spore, showing capsules and sporoplasm, the latter con-
taining a vacuole and 4 nuclei, 2 of them being the pericornual.
1. Transverse view of spore, showing the equal convexity of the valves and
the widc ridge.
2,8. Vertical views of spores exhibiting the same features as fig. la.
Fig. 4. Myzobolus sp. 56 (original). Vertiocal views of spores, showing capsules
and sporoplasm, the latter with the vacuole.
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PLATE 28—Continued.

Fig. 5.» Myzxobolus cycloides (after Miiller. X 1) X 1.
5a. Group of cysts, natural size,
6d. Vertical view of broad form,
o¢, Transverse view of same,
5f. Vertical view of clongate form.
. bg. Transverse view of same,
Fig. . Mycobolus sp. 61 (after Miiller. X 1)
6a. Vertical view of spores.
66, ‘Fransverse view.
6¢. Rare aberrant forin among the remaining normal forms in the same cyst.
6d. Pansporoblasts with 2 spores.
6e. Rare forins of pansporoblast containing 3 spores.
6f. A rare method of grouping of 3 spores.
6g. Spores with punctate borders [illusion due to the simnltaneous presence in
(approximate) focus of the supero-auterior and infero-anterior borders of
the sporoplasm).
6k. Spore with developing germs (seo p. 240).
6i, k. Rare spores with 3 ¢ vesicles.”
6!, Rare form; seen only once.
Fig. 7. Myxobolus obesus (uftor Balbiani. x3).
7a. Vertical view of spore, showing pericornual nuelei.
7, Vertical view of spore, showing capsules with tilaments oxtruded, and the
sporoplasm with its cornua, and the suporo- and intero-auterior murgins.

PLATE 29,

Fig. la-d. Myrobolus transovalis (original).
la-c. Vortical view showing outline, capsules, sporoplasm, vacuole, and nuclei.
Hydrochloric acid alecohol carmine.
1d. Transverse view showing equal convexity of valves, and the narrow ridge.
TFigs. 2-7. Myzobolus? merlucii (atter Perugia. X I).
2-6. Various forms of the myxosporiﬁium; showing also the spores,
7. Two spores making their exit from the myxosporidium.
Fig. 8, Myzobolus sp. 67 (after v. d. Borne. X 1).
8a. Group of spores.
8v. Leuciscus rutilus with the myxosporidian tumors.

PLATE 30.

Fig. la~q. Myzobolus ¢f. ereplini showing differont views of spores (after Weltner.
X 1),  a-p, X 528; ¢, X 720. All wero drawn with Abbe camera; m, u, are
optical sections at the level of posterior end of capsnules; ¢, separate cap-
sules; one dull and with filament still coiled; the other transparent with
filament oxtruded.

PrATE 31,

Pig. la-c. Myzobolus 1% zschokkei (nfter Zschoklke, Schieck Oc. 2, Obj. 7. X §).
" Vertical views of spores with extruded “tails”; also the capsules ().

Fig. 2. Myxobolus medius and Chloromyzum elegans. Section of tube of kidney of

Pygostens pungitius, showing spores of the two species surrounded by epi-

thelium of tube. Borax carmine and gentian violet (after Thélohan.

X 1).
Fig. 8. Myzobglus medius (original enlargement from preceding. X about 4).
Tig. 4. Myxobolus medius. Spore in pansporoblast (after Thélohan. X 1).
Tig. 5. Myxobolus strongylurus (after Miiller. X 1),
5a. Vertical view.
5b. Transverse view.

* For b and o, see Ohloromyzum dujardini, plate 40, fig. 4.
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PLATE 32.

TFigs. 1, 2. Myxobolus creplini.
la-e. (After Creplin, X 1.)
la, b. Vertical view of spores.
1c. Transverse view.
1d. Vertical view (of an illusory appearance? Sec p.249). The larger size of
this figure merely represents higher magnifieation.
le. Transverse view of spore with the valves gaping anteriorly.
2. Vertical view of spore (after Louckart. X 1)
Figs. 3, 4. Myxobolus monurus (after Ryder. X 3).
3a. Aphredoderus sayanus with tumors.
3h. Cyst, much enlarged.
3¢. Vertical views of 2 spores, showing capsules and tails.
4b-d. * Vertical views of spores.
Tig. 5. Myxobolus macrurus (original). Vertical view of spore, showing capsules,
sporoplasm with vacuole aud 3 nuelei (2 the pericornnal), and the full length
of the tail (about 4 times that of the body).

Pr.aTE 33,

Figs. 1-4. Myxobolus macrurus (original),

1. ‘I'ransverse view showing, on thoe right side, the more convex superior valve
and the greater anterior projection of the supero-median cornu; ou the left,
the loss convex inferior valve; along the ceuter, the narrow ridge.

2. Verticul view, showing the vacuole and nuclei.

3. The sume, showing 2180 the beading of the tail after the action of iodine.

4. A tail separated {rom the body by iodine.

Tigs. 5-8. Myxobolus cf. linearis (original).

5. Vertical view, showing divergence of valves under action of sulphurie neid,
and the tail separating into a superior and an inferior half.

6. Transverse view, showing supero-interior symmetry and narrow ridge.

7. Vertical view ot nnstained spore, showing vacuole.

8a-d. Vortical views of spores, showing vacuole, nuclei, and flexibility of tail.
Hydrochloric acid aleohol carmine.

s

Prarr 34

Figs. 1-4. Myrobolus psorospermicus.
1. From branchim of Perca fuviatilis (after Licberkilhn in Biltschli. X §).
x nbout 975.

1a. Vertical view of spore with a simple tail.

1h. Transverse view of same.

1¢, Vertical view of spore with a double tail.

2a-¢. From a branchial cyst of P. jluviatilis, showing capsules, sporoplasm,
vacuole, and uuclei. @, with 1 nuclens; b, with 2 nuclei; o, with 3 nuclei.
Carmine and gentian violet (after Thélohan. X 1).

3a-d. Spores from Perca fluviatilis (after Balbiani, X ).

3a. Vertical view.

3b. Tranxverse view of spore with 2 tails,

3¢. ¥orm slizhtly abnormal.

3d. Vertical view of spore, showing capsule with filaments extrudea, cornus o.
sporoplasm, and pericornunal nuclei.

4. S%ores from Lucius lucius (atter Balbiani. X §).

4a, Vertical view.

4b. Transverse view.

4c. Spore with valves separating to permit exit of sporoplasm

4d. Vertiocal view showing filaments extruded, and cornua of sporoplasm.

Prate 35.

Figs, 1-7. Myzobolus kolesnikovi (aftor Kolesnikoff).

1-6. Cysts (X 1). |
7a-o0. Spores showing extruded filaments and single and double tails (X ).

7¢. Separated capsule with extruded filament.

*No a to this figure,
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PraTE 36.

Fig.1. Myxobolus schizurus (after Miiller. x 1).
la. Showing cyst contents, consisting of spores and finely granular matter.
1b. Individual spores.
lc. Aberrant spores seen only once among the contents of a eyst.
. 1d. Group of spores; vertical and transverse views,
¥ig. 2. Myxobolus linearis. Group of spores showing tho narrow outline and the
. single and double tails (after Miiller. X 1).
Fig.3. Myxrobolus sp. 61. Rare forms of spores reproduced smong tailed forms,
from plate 28, fig. 6.
Fig.4. Myxobolus diplurus (after Lieberkiihu in Bitschli. X ). X about 1030.
Vertical view showing postorior position of capsules and double tail.

Pratr 37,

Fig. 1 a-f. Chloromyaxum incisum (after Leydig. x 1).

la. Myxosporidium without pansporoblasts.

1b. Same with 1 pansporoblast, but no spores.

lc, d. Same with sporoblasts.

le, f. Same with fully developed spores showing the crenate posterior Lorder.
Fig. 2-7. Chloromyxum leydigii (after Perugia. X 1).

2. The myxosporidium.

3. The same, containing numerous spores.

4. The same, giving exit to 3 monosporophorous pansporoblasts,

6, 6. Pansporoblasts with spores; in fig. 5 the spores with 4 capsules.

7. Spore giving exit to the sporoplasm,

Prate 38.

Tigs. 1, 2. Chloromyrum leydigii (aftor Leydig. X ).

1. From gall bladder of Raja batis.

le,, a:. Myxosporidia of various sizes without pansporoblasts.

1, e. Myxosporidia, showing (b) pansporoblasts and various stages in spore
formution; also outline of spore.

1f. Longitudinal (“end”) view of spore, showing the 4 capsules,

2a-c. 11"1'0111 gall bladder of Squalus acenthias, Myxosporidia without pansporo-
blasts.

Prare 39,

Figs.1-3. Chloromyxum leydigii.
1. Myxosporidia from gall bladdor of Torpedo torpedo (aftor Loydig. X §).
la. Without punsporoblasts.
1b. With pansporoblasts and snores.
lo. With pansporeblast and sporoblast.
2a-D. l\giyxosporidiu from gull bladder of Seylliorkinus sanioula (after Leydig.
X $).
2a,, a,. ;\{yxosporidia without pansporoblasts. .
2b, Myxzosporidium with 12 pansporoblasts, each containing 1 spore.
3. Myxosporidium. TLis figure appeurs to be generalized from figures a,, a,, of
‘the preceding (after Leuckart. x1).
Fig, 4. Clhloromyzum fuviatile (after Thélohan. X 3). Vertical view showing the
capsules in 2 lateral pairs, the nonvacuolate epur()})lasm, the vortical
osition of the ridge, und the minute spines on tho shell.
Figs. 5,& Chloromyxum mucronatum.
5a, b. From urinary bladder of Lota lote (after Lieberkiihn, x 3).
6a. Longitudinul view of spore, showing tho 4 capsules.
6b. Vertical view showing the mucronate autcrior extremity, capsules, and
sporoplasm. .
6. I'rom Lota lota (after Balbiani. X 2).
6a. Vlertical view showing capsules, pericornual nuclei, and vertical position ot
the ridge.
6b. The same; also beginning of valve separation.
60, The same; also corkscrow oxtrusion of filanents,
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PLaTE 40.

Fig. 1a-c. Chloromyxum elegans (original enlargement from plate 31, fig. 2. X
about 3). Three viows of spores, showing outline, ridge, and capsules.

Fig. 2u-b. Chloromyrum perlatum (after Balbiani. X §). Vertical views of spores
slll‘owing outline, capsules (b with filuments extruded), and vertical position
of ridge. ‘

Fig. 3. C/:lororﬁyxum sp. 91. Vertical (?) view of spore from the ovary of Lota lola
(after Biitschli. X 3). X about 900.

Figs. 4-7. Chloromyzum dujardini.

4. From Leuciscus rutilus (after Miiller, x1).

4). Vortical views.

4c. Transverse views.

5. Myxosporidium from branchi® of Leuciscus erythrophthalmus (after Dujardin.

xX#§). X 12,

6. Spore showing outline and capsules; from L. erythrophthalmus (after Dujar-
din. X 1), X 800.

7. Free ameboid myxosporidium from a branchial lamella of Leucisous erythroph-
thalmus (after Biitschli X 3). X about 30.

Fig. 8. Chloromyzum ohlmacheri (after Ohlmacher, Leitz obj. 3, oc. 4. X 1). From
photomicrograph of section of kidney; showing at a, and elsewhere, myxo-
sporidian masses iu the tubules; at b extravasated blood corpuscles; at ¢
large blood vessel filled with Wood corpuscles. TFuchsin and iodine green.

Prate 41,

Figs. 1-3. Chloromyxum ohlmacheri.

1. Spores (after Ohlmacher. Leitz pantachromatic ofl imm. 2 mm., oc. 4. X 1).

la. Vertical view of spore, showing capsules with extruded filaments. Camera
lucida; Babes’s anilin water safranin.

1b. Vertical view showing capsules, spiral-coil structure of shell, and vertical
position of ridge.

le. Strim are seen ‘‘running nearly meridionally”; at one ‘sido” of spore u
capsule ‘‘appears in the act of escaping through a rent” in the sholl.

1d. Fragment of shell in which the strim appear to correspond to ridges
encircling the shell.

" 2. Kidney tubule, inclosing 3 spores, showing capsules and sporoplasm, the lat-

ter structure being ropresented in 1 spore ns divided into 2 lateral halves.

. (An error; see IE) 270.) Pfitzner’s alcoholic safranin (after Ohlmacher;
camera lucida; Leitz pantachromatic 3 mm., oc. 4. x1).

8. Diagrammatic figure of spore; a, shell; b, sporoplasm; ¢, capsule; d, posterior
extremity of ridge and spore; e, ridge; f, antcrior oxtremity of ridge and
spore; g, filaments, much shortened; a, b, ¢, are on the left side of spore;
eon the right. (After Whinery. Xx'1).

Fig. 4. Ceratomyxza spharulosa. Spore showing hollow-cono valves, vertical ridge,
and valve-junction plane, capsules, and (spo.) the unilateral sporoplasm,
and (x) pale corpuscles of indeterminate nature (after Thélohan, X §).

PLATE 42,

Figs. 1-10. Cystodiscus immersus (aftor Lutz. X 1).
1. Gall bladder of Bufo agua with myxosporidium disks shining through. x 1.
2. Portion of medima-sized specimen with large number of spores. X about 70.
The samo; tho rnptured ectoplasm permitting the exit of the contents in the
form of vesicles. X about 70.
Ripe spore-pairs.
. Vertical (1) view of mature spores, showing ridge.
Longitudinal (?) view of same.
. 8pore with extruded filaments, showing the striw of the shell.
. Spore with valves separated.
. Developmental condition of spore.
. Mature spore; contents made plain by carmine; containing mierococcoid
granules. X about G00.
Figs. 11-13. Cystodiscus 19 diploxys (after Balbiani).
11,12, Spherical cysts in process of spore formation (X 1), X 85,
13. Spores from the cysts (X §). X about 1500,
13¢. Vertical view.
13b, 0. Transverse views,

COPABTA W

—
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PrLATE 43.

Figs. 1-5. Myxidium licberkiihnii. :

1. Myxosporidia (after Lieberkiihn. . X 1).

la. Showing the grauvule-free, pronged eud by which attachment is effected,
and a pausporoblast coutaining 2 spores. X 330,

1b, Myxosporidium which has mostly broken up into pansporoblasts. x 900.

2. Specimen covered with transvorse wrinkle-like eolevations; at one end some
pseudopodia (after Biitschli. X 3). X 160.

8. Three successive stages in the development of clear ectoplusmic pseudopodia
at one end of a large myxosporidium (after Biitschli. X 1).

4. Small myxosporidium attached to a nucleated bladder cell (after Biitschli,
X1

5. St.ronély ammboid-branched specimen (after Biitschli, X §). X about 90,
PrLATE 44,

Figs. 1-6. Myxidium licberkiihnii (after Biitschl, X 1),
la,b. Large forking myxosporidia; a, with fine hair-like ectoplasmic pro-

cesses,
4, Large myxosporidium, showing interlaminw Letween ectoplasm and endo-
plasm.

8. Portion of border of myxosporidium showing the peculiar canaliculate strue-
ture mentioned on p. 283.

4. Part of border of large myxosporidiim with branched horn-like ectoplasmio
procosses.

ba-d. Four yellowish fat globules, inclosing hiwematoidin erystals.

Prarr 45,

Figs. 1-3. Myxidium lieberkiihnii (after Pfeiffer. X 1).

la, Smallest form.

1b. Small form with fat globules, hematoidin crystals, with only 1 pair of
ripened spores; ectoplasm evident,

le. Motile myxosporidium with very strong soap-bubble-like ectoplasm; in its
interior a well-preservod red blood corpuscle, with fat globnles and hwma-
toidin inclusions.

1d. Specimen with ameboid pseudopodia.

le, f. Large forms with scattered spores.

1g. Carmine staining after removal of fat by chloroform; the whole endoplasm
riddled with nuclei. As yet without spores.

1k, Isolated spore X 1200. )

2, I. Superficial epithelial layer; 6 healthy epithelial cells with nuclei, and 2
scparate strongly hypertvophied cells in which, very soon after infection,
the nucleus is destroyed.

2, Ila. Myxosporidinm fullen out of epithelial cell, Still without ectoplasm.

b. Young form, free in urine with peculiar pseudopodioid motile ectoplasmio
processes extruded and rotracted on a slightly warm stage and many fat
globules in the endoplasm. .

2, 111a. Punsporoblast formation; a, small myxosporidium with bristle processes.

b. Sexanucleato pansporoblasts. which luter form 2 {rinucleate sporoblasts;
in each sporoblast 2 nuclei form the capsules, the third the sporoplasm ( fide
Pfeiffer).

8. ’1‘1'ausvcr21e section ef urinary bladder of pike, alcohol-hardened, celloidin-
imbedded, hematoxylin-stained.

8a. Showing, from right to left, tlie cxternal muscle layer, the internal muscle
layer cut transversely, the submucoss, the epithelium with infection in the
superficial layers, and freo brown-colored myxosporidia containing hema-
toidin and sporoblasts. X 80.

8. Portion of @. To the right the monstrously appearing myxosporidia and
sporoblasts. X 400, .

8o, Natural size of the bladder section.
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PLATE 46.

Figs. 1-3. Myzxidium lieberkiihnii.

1. Epithelial infection of bladder from fresh and also from hematoxylin-stained
material (aftexr Pfeiffer. X 1).

1a. To theleft healthy, to the right slightly hyportrophied epithelia which have
lost their nuclei. At the right border, monstrously enlarged epithelia, or
rather myxosporidia, with fat and hwmatoidin contents; nucleus obscure.
Below to the left an isolated epithelial cell with carly infection, and the
disrupted epitholial nucleus. ’

1b. Tmmigration of young myxosporidia into the red blood corpuscles of Lucius
lucins, Nucleus, where presorved, dark. In the upper row the middle cor-
puscle shows a multipleinfection. Lower row showing not spore formation,
bnt fat globules, nuclei, and hwmatoidin crystals. In the lower ri rht-hand
figure the myxosporidium has left the blood corpuscle und developed its
hyaline ectoplasm.

2. Myxosporidia (after Balbiani. X 1).

2a. Myxosporidium filled with fatty granules without pansporoblasts.

2). Myxosporidium with well-developed spores.

2¢, d. Very young myxosporidia.

3. Punsporoblast containing 2 mature spores (after Tiosberkiihn., X §).

Prate 47.

Figs. 1-5. Myxidium lieberkihnii,

1. Spore formation (after Biitechli, X 1).

la. Paunsporoblast with nuclei,

1b. ‘The pansporoblast hins contracted its bulk somewhat, elongnted to an oval,
and oriented its nuclei preliminary to division, )

lc. The sexanucleate pansporoblast has divided into 2 sphorical trinucleate
sporoblasts.

1d. The sporoblasts have clongated and oriented themselves and their nuclei.

1c, f. Showing the development of the capsules independently of the vanishing
terminal nuclei. In the ceunter of the spore its nucleus (see p. 287).

2. Developed spore (after Lieborkiihn, X §). X 900.

3. Mature spore (after Biitschli. X 1). Showing outline, bilateral symmetry,
capsules, sporoplasm, and nucleus (seo p. 287).

4. The same (after Balbiani, X 1).

4, b. Most common form of spores with 1 capsule in each wing; b, with fila-
ments extruded.

4c. Rarer form of spore with 2 cupsules in each wing.

6. Spore with filaments extruded (after Biitschli. X 1).

Fig. 6. Myxidium 7 sp. 102, Showing spore with capsules scparated (1 in each wing.)

(After Leydig. X #).
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Capsule wall, nature of substance of ...... &
Carp; see Cyprinus oarpio.
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spore formation as a gonoerio
-oharacter of ....eeeeiaiiil. 80
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CoClidile e einniennnaiirrienreantenaernrianae 90
Cod; sce Gadus morrhua . 172
omrulous, Diaptonius ..eeecacecasceeciooees . 116
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Collus (error)
Conger vunlgaris; see Leptocephalus conger

congri, Chloromyxum and ** Myxospori-
dium" 182
contejeani, Thelohania..coooceeiaaaaaoa 177,196
cordatum, Echinoeardivm..ooeeiooiiaaaaas 169
Coregonus fern (OITor).....eeceereeceneeas 256
Cornuit of sporoplasm. . .....oooioiiecaniens 12
Crayfish; see Astacus fluviatilis
erepling, Myxobolus. coeeeeioiiieiioiinann 248
Crocodile, apecies on.. i
Cryptocystes..
generic characters in......... 100
Caokoreited ..o.oeveiiiiiiiiiiiiiaats 137
Cutnot Gited ..ooiieenen e 171
cycloides, Myxobolus 2390
CYClOPS vvemnreronnaeeaseeaanaanannons 179
strenuuy, parasite of ... . 170
Cyprinus branma; see Abramis brama.
crythrophihalmus; sce Leuciscus
orythrophthalmus.
* louciscus; sce Louciscus grisla-
gino.
phoxinus; seoPhioxinus phoxinus,
rutilus; sec Leuciscus rutilus.
tinca; sce Tinca tinca.
Cypsinodon (error).... 238
Cyst dovelopment... 192

Cyst membrave, structure of. .. 77,217

Cystodiseidi®. ovvrreaennreceenanaannn. 116,278 |
CystodiBeus..oeeeeieieninniinaines 115, 116, 279
. sporo formationin .........o.. 80
Davainecited ..o.vavienniaiiaeiiiaai, 174
error for Balbiani . .12
Definitions .......... . 120
destrucns, Glugea. .1,
Diameoters............. . . 120
Diaptomus ceerulens, parasite of . . 176
richardi, parasite of............ 176
diploxys, Cystodiscus ? #..covevnennaii. . 281
diplurus, Myxobolus...oooooeiiiiiiiioLL 258
Distoma folium .....oovemniriaiaiaiii. 289
dobula, Leucisens: sco Lenciscus cephalus,
Dogfieh, large-spoited; sce Scyltiorhinus
canicula.
smooth; see (ialeus mustelus,
spiny; see Squalus acantbias.
Dubois cited.eeioeoeieneiiieeiiianiaaa.. 196
Duck, common or nallard ; sce Anas boschas.
shovoeler or spoonbill; see Spatula
clypeata.
Ducts.eeveeeneecnan.s s eersceccinaccanaanse 120
dujardini, Mixosoma, Mayxosoma, il Sphe.
vospora; see Chloromyxum dujardini.
Tichinocardium cordatum, parasite of 169
Tctoplasm, structuro of ... ...l 5
Lel; see Leptocephalus couger.
Jiigenmann & Bigenmann cited ............ 254
Ilators, ribbonettes compared to........... 223
elegans, Chloromyxum.............. ... ... 266
ellipsoides, Myxobolus... 221
Endoplas, structure of ... 76
Evtelurus  gequoretis;  seo  Synguathus
®quoreis.

erythrophthalmus, Cyprihus; sce Louciscus
erythrophthalmus, :
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Esox luctus; sec Lucius lucius.

Excretory tract.cooooooieiiiiiaaiiaaia, 107
Fario, Salmo o iiree i te e e et eeaaean 174
fasciatum, Platystoma; aco Pscudoplatys-
toma fasciatuni.
Fat-globules in the myxosporidinm........ 76
Tilaments.. ..74,84,120
confounded with ribbonettes. .87, 88, 263
oxtrugion of ... ...l 84, 85, 120
homology and functionof ........ 183
morphology of coooovieeiaaiia... 84
fluviatile, Chloromyxum .......... eereeoens 264
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Gadus eallarias; sco Gadus morrhua.
luta; see Lota lota.
merlangus; soo Morlangus merlan-
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merlucciug, see Merluciusmerlueius. 172
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morrhua, parasite of ... Ll 173
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Gardon, Bpeeies ON.....oovieiiiiiiiiine. 239
Gasterosteus pungitius; sco IPyposteus
pungitius.
(iard, apecios described by ...l 168
giardi, Thelohania cooooanciaiiiiiiiiion 177,201
Glgeidm (error) coooaoooiiii 190
globosus, Myxobolug .o oooveniiiiiiiin. 211
“Globules” .oooenn . 76,92,209
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Glugea 101
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acterof ..o ioiaiiiiiiiiiiial, 79
Glugeidm .« oveeieiionenninniniieiieiinaans 190
Glugeidea (Orror) caeeeeeenneeneiiiiiiieanes 190
Glugedd€eR. ceeeeeeeiiiiiiiiiia e 190
Gobioand Gobiug. coovenveeiiiiiiiaiiiias 186
fluviatilis, cerror for Abramis brama;
seo Gobio gobio ... 152
gobio (= fluviatilis) species on?..... 214
Gobius und Gobio..emieiaenircaereaaniann.. 186
mMinUbUB «.ceieeiii e 192
Goldfish; sec Carnasius carassiua,
“Granules’ L.iieiiiiiiiiiiiiaie ... 92,219
Gregarines cooeeeeenieniiiiiiaiiiaia, ..00,171
Gregarinida, proposed as typo order of
Sporozoa 1
*Gregarinoid " forms .. 202
Grobben, ¢ited. co.eieniniins ceeeniiiaaens 135
Gudgeon; see Gobio gobio,
Gymnocephalus cornua; sco Acorina cer-
nua.
Habitat, taxonomic valuoof ............... 112
Hiickelcited . oovennno il 135
heeckelii, ’sorospermium «o.ooveieceenea... 135

Hematoidin; see Pigment.
Heunneguya (synonym for Myxobolus) ....115, 206

Honsen, specieadeseribed by . .....cceeea.... 186
Hilgendoril, species described by . 135
3 15 P R 120
Hydra, development of nematocyst in..... 86
Hypognathus (error) 250
immorsus, Cystodiscus ......... ecencascene 279
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incurvatum, Myxidinm .................... 200 | Mullets, gray; sce Mugil.
Index, capsular, as a gpecifio character.... 117 | Mustolus; see Galens.
cuudal Lsvis; soe Galens muatelus,
ridgo....... Myliobatis aquila; see Coephalcutherus
inoqualis, Myxobolus aquila.
Infection, bacillary, of Barbus barbus ..... 229 ; Myxidios (error) .. 283
of Bufo lentiginosus.. 270 | Myxidiées ...... .. 115, 258, 283
myxosporidian, attempts at arti- MyXidHAD . oviieiiee e 116, 283
ficial induction of ....... 196,200,205 | Myxidiam ...... 115,116,283
T ) 117, 233 lisberkiihuii regarded as a Gro-
of cells of host......... 117,187, 227, 289 F2 105 1 90
Intestines, species found in.eaeaoaaaa.., 106 aporo formation as s generie chiar-
Kiduoy, species found dn..ooooioaaiiao., 107 aetorof. .. iiiiiiiiiiaieiiiaea 80
tubuler of; sce Renal tubules. Myxobolea (error) . 200
kolesnikovi, Myxobolus 256 | Myxobolées..... . 200
Kunstler and Pitres cited 203 | Myxobolida .. 116,208
parasite described by 136 | Myxobolus 115, 206
LADIO (BITOT) - eaeeeenarcnccencscacencancanns 210 | spore formation aga gonervicchar-
Leidy citod.eeeoniviniioeieaanainans cesees 173 acterof. ..ol 80
leuciscus, Cyprinus; sce Leuciscus grisla. Myxobolus ellipsoides, ‘*‘accessory™ cap-
gine. sules in.... 82
1.euciscus dobula; seo Louciscus cephnlus. miilleri ........ooooL 214, 216,225
Leuckart, asserted discovery ot Myxospori- perlatus; weo Chloromyxum
digin Amphibie by c.eoeeioi il 135 perlatum.
leydigii, Chloromyxum..coceeoiaiiiiai... 200 | BTy XOPIASM cemneniaineeiiiiieeieeiiaaaeaas 120
lieborkiihnii, Myxidinm ceeeeeieainininnn... 283 | MYXO30WU. oeiii
D 69 gpore formation in............L
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Literaturo by anthors.... 129 monns {or
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poren. - 200, 204, 231, 248, 270, 289
Mackorel; see Scomber scombrus. cpidomics produced by ... 197,231
macroeystis, Thelohania 177, 205 fusion of’; sev Plasmodes,
macrurusg, Myxobolus....ooooeenieeniail, 250 [ Myxosporidied cooeeeecceccicceccann.. 200
maculata, Motella; see Onus maculntus. My xosporidium .. 120
“Measly Auek” ool eiceeaaaas 175 deseriptionof ... ... 78,75
meodia, Henneguya; seeMyxobolusinodius, : taxonowmic valno of........ 112
mediug, Myxobolus ..oooviiiiiiaiiaiia o, 248 | *Myxosporidium’ ... 182,187,206
Morlangus Morlangus . cooeeeeenaennnanan, 173 bryozoidoes . ...o187
merluceii (error) ... 242 congr. .. .- ... 110,182
Morluceius (error) .. 172 wmerlucii; see My xobolus
meorlucii, *Myxosporidium™; sco Myxobo- merlueii,
lus morluceif. mugilis; see Myxobolus
Merlucius osculentus; see M. merlucius. mugilis ... 213
vulgaris; sce Al merlucius. plagiostomi; seo Myxo-
Micro-chemistry ...cooooeeeeiaiiiiiiiat, 119 Volus leydigil.
wicrospors, Glugea; see Glugea anomala. Niigelt, cited ............. __________ 102
Minnow, red-finned ; ses Notropis mogalops. narce, Torpedo; oo Torpedo tor :I Tt
short; sce Cyprinodon varlogatus. Ko T bedo; soe - orpedo torpedo.
minutus, Gobius; aoco Aphya alba coceeoe. 102 "f“]‘“‘ orpedo; soo l""l""‘lo torpedo.
Mixosoma; #eo Myxosoma. I\'u\n:\u;(wyalm homology of, with capsules. 89,80
monurus, MyxOUOIUS <o eeneeeneieannennnns 249 | Nosema anomala; see Glugon snomala 192
morrhug, Gadus, parasito of.. 17 bombyeis -.oooeeiiat. AIEAEREARL 102
Motella maculata; ses Quus maculetus, Nuelej, capsulogenons; see Nuclei, pericor-
tricirrata; see Onus tricirratus. nual.
mueronatum, Chloromyxum .....coceen.. 181, 264 division of . ...ieeeieecnneen . 170,187,201
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octospora, Thelohanit. ....ccveeeenn.ia...
ohlmacheri, Chloromyxum.
Spore, oricntation of, in Cy studmud'n ..... 278
Ovary, species foundin............. ..., 107
oviformis, Myxobolus...................... 214
Pansporoblast ....... 80, 81, 120,121
Pathology...evevunnnn 117,197, 222,228
Perea fluvintilis (error) ......... cemeee. 217
Porch, yellow; soo Perca fluviatilis,
Pericystic space ........ooiiiiaiaal 120
perlatus, Myxobolug; see Chloromyxum
perlatum,
Pfeitior, species deseribed by............... 137
Phwnocystes, definition of generic charace
[ 3 1 YU 113,205
phoxinns, Cyprinus; sco Plhoxinus phox-
inus.
Pigmont, in tho Myxosporidia........ 76,258,277
Pike; sco T.ucius lucins.
Pike perch; see Stizostedion luciopereca and
Apbredoderus sayanns.
Pimelodes (error) 212
Timelodus blochii: see Pimelodus clarias,
sebe; seo Rhiamdia sebie.
Pipeflsb: soo Siphostoma and Syngnathus.
piriformis, Myxobolus ................. ... 211
plagiostomi, ** My xesporidinm'; geo Chloro-
myxum leydigii.
Planes of Bymmetry «.oooeeeiiiiininn.a. 120
Ylasmatic (and plasmic) mass; sco Sporvo-
plasm.
Plasmodo formation....c...o.... 75,99, 177, 188, 227
Platystoma fasciatum; see Psondoplatys-
towma fascintum.
Tloistophora . ...c.coveviennencieieinaaana, 194
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Posterior; soe Aulerior.

Posterior mass; soe Sporoplasm,
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heekelii oo aiias bt}
Incornarie. .ceeveeroanen. 135
B EET0) LD o Tl o 13 n
attempted inoculation of ..... 136
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spheralia, Myxobolus ..ol 240
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Spore topography, taxononic value o 114
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Sporoblast ...
Sporocyst. ... ..
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Snoroplisin ... T4,92,121, 261
exitof.. ... 03
Sporozoa, definition of cliss. e 71
Gregarinida proposed  as 1ype
order of ool n
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giting,
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strongylura (error) e MY
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planes of. 120
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- 82
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