2.—THE MYXOSPORIDIA, OR PSOROSPERMS OF FISHES, AND
THE EPIDEMICS PRODUCED BY THEM,

By R. R. GurLeY, M. D,,
Assistant, U. 8. Figh Commission,

TABLE OF CONTENTS.

Page. Page.

Totroduotion ....ccvieemeiniienneiiien .. a5 Descris)tlnn of genera and species—Cont'd. -
Geuneral description of the Myxosporidia. .. 71 Ordo Cryptocystes .. 180
Nomenelature aud definitivn ...... 1 Family Glugeid .. 190
LI Morphology «cvenreenneecnsernnanns 73 Genus Glugen.. 191
General descriptionof structure. . 3 Genus Pleistophora. 194
Detailed doescription of individ- Gonus Thelohania .... 195
ual structures el 75 Ordo Phenooystes .......... 205
III. Zoological position........c........ 05 IFamily Myxobolido....... ceee 206
IV. Distmibution ...oevvneviiiii Ll 100 Genus Myxobolus....... e 206
V. Classification............eooooo.. 112 Family Chloromyxide .. ..., 258
VI. Pathology...cooovneiiiiiiiiiiii., 117 Genus Chloromyxnm .. 259
VII. Mioruscopio technique.. .. 119 Subgenus Sphierospo 266
VIII. Definttions......... 120 Genus Ceratomyxa.... 274
IX. Bibliog;mphy ,,,,,,, 123 Family Cystodiscidiw . 278
Descriptions of genera and 8 135 Genus Cystodiscus. . 279
Tabular key to specios ... .. 138 Gonus Sphwromyxa. .. 282
‘Non-myxosporidian species ............ 166 Family Myxidiido...... cee. 283
Spevies more or less probably myxo- Gouus Myxidium .......oveninai,.. 283
sporidian. . ..iviiaiiiii 181 | Explanation of plates...........oooiiiai. 201
True MyzogporidiG. ceaeeeveeserecceanns 190 | INUOX ccvveianetiiiiiinaeeieatannionancnnans I1-v

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).
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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.






