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Presumably after fertilization, the wfl began to break down,
forming crescent or circular areas of granularity of lower electron
density than homogeneous areas. The curved boundaries suggested
spreading of the granularization from a pointwise addition of an
enzyme. A similar pattern is seen in micrographs in an earlier study
of E. nieschulzi (7), but not in any other eimerian species studied.
In E. bovis (50) and E. mivati (70), the wfl appeared to break down
by irregular fracturing with accompanying vacuole formation. As wfl
in E. nieschulzi diminished in size, there was only 2 narrow surrounding
vacuoles formed and no fusion of the bodies. By the time deposition of
the outer wall layer commenced, the wfl were reduced to extremely
electron dense granules.

In the present study, wf2 of E. nieschulzi began to break down
before deposition of the outer wall layer. Granules of about 50 nm
in diameter were observed at the surfaces of wf2 or in the extensive
vacuoles that temporarily formed around these bodies. Vacuoles
surrounding adjacent wf2 fused so that several wf2 occurred within a
common vacuole similar to that reported in other eimerian species.
However, wf2 did not fuse with each other as in E. bovis (50), E.
labbeana (66), and E. magna (61); nor did they fuse with the inner
limiting membrane as reported in E. acervulina (27). Scholtyseck and
Voigt (54) and Lee and Millard (27) stated that wfl fused with the
inner membrane and released their contents between membranes 1 and 2
to form the outer wall layer, then wf2 similarly fused to form the
inner layer. Seliverstova (57) suggested that material from both

wfl and wf2 combined to form the outer wall layer and material from
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wf2 alone comprised the inner layer. Scholtyseck (46) reported that
the outer layer was made of fused material from breakdown of wfl and
the inner layer was from coalescence of wf2. In E. nieschulzi, there
was transport of fine granular material from breakdown of wall forming
bodies across one intact membrane, m4, and one partially discontinuous
membrane, m3, to a space between membranes m2 and m3 where it coalesced
to form the outer wall layer. The partial breakdown of wf2 before
deposition of the outer layer lends support to Seliverstova's contention
of material from both types of wall forming body being incorporated into
the outer wall layer (57). The appearance of 50 nm particles, similar
to those formed during early wf2 breakdown, in the uncoalesced outer
layer also tend to support that hypothesis. Since no specific histo-
chemical labeling has been performed on the substances from wfl and
wf2, it is not possible to state whether material from wf2 is or is not
included in the outer layer of the oocyst wall. Nor is it possible
to state positively that the inmer wall layer is made entirely of
material from wf2. The observation of spherical bodies or irregular
globules of higher electron density beneath membrane mé or associated
with the wf2 may have been modified or supplimented prior to incorpor-
ation into the forming inner layer. The material forming the inner
layer was transported or exocytosed into the space between membrane
complex m3-m4 and m5-mé6 either as fine granular material or as globules.
Only small spherical residue of wall forming bodies remained in the
sporont after completion of the oocyst wall.

Macrogametogenesis and subsequent oocyst wall formation involved

extensive membrane proliferation in E. nieschulzi. The trophozoite
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stage had a single limiting membrane with underlying segments of a
closely applied membrane presumed to be residua of the inner membrane
complex of the merozoite or possibly newly synthesized membrane. This
observation is consistent with reports of all other eimerian macro-
gametogenesis studies except of E. maxima (36) in which 2 complete
membranes were observed in trophozoites. Mature macrogametes of E.
nieschulzi were earlier reported as single membrane bound (7).
Scholtyseck (46) reported that macrogametes of E. falciformis, E.
perforans, E. stiedai, and E. tenella were limited by a single
membrane with an underlying osmiophilic mass. Mature macrogametes
of E. nieschulzi are limited by two closely applied membranes, as
reported in E. acervulina (27), E. bovis (50), E. intestinalis (60),
E. labbeana (66), E. magna (61), and E. maxima (36). A triple limiting
membrane was reported in mature macrogametes of E. auburnensis (50),
E. brunetti (12), E. ferrisi (6), and E. mivati (70); and after
fertilization in E. acervulina (27). A fourth membrane was suspected
to appear during oocyst wall formation in E. acervulina (27). Five
membranes were reported in wall forming stages of E. perforans (52)
and E. tenella (57). The process of oocyst wall formation was observed
in greater detail in this study than in any others previously reported.
Seven membranes were distinguishable in the formation of oocysts of
E. nieschulzi. Membrane m3 appeared after fertilization and before
breakdown of type 2 wall forming bodies (wf2). Membrane m4 appeared
prior to deposition of the outer wall layer. Material forming the
outer wall layer was evidently transported across the innermost

membrane, m4, and the partially incomplete m3. The original trophozoite
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membrane, ml, was loosely attached to the surface of the zygote; m2
bounded the forming outer layer of the oocyst wall at the distal
surface; and the membrane complex m3-m4 bounded the outer layer at
the proximal surface. Membrane 5 was laid down immediately prior to
deposition of the inner wall layer and constituted the proximal limit
of that forming layer, the distal limit being membrane complex m3-m4.
Small spherical bodies were apparently exocytosed across m5 and fine
granular material may have been extruded from openings in m5. Membrane
6 became closely associated with m5 prior to completion of the inmner
wall layer while m7 appeared to be separated from m5-mé at most points.
The observed positions of the innermost membranes suggested that
membrane complex m5-m6 became adherant to the innermost surface of the
oocyst wall and m7 was the limiting membrane of the sporont.

Nuclear changes in E. nieschulzi during dedifferentiation from the
merozoite to the trophozoite and during macrogametogenesis quite
closely followed those reported in all other eimerian species studied.
The nuclear configuration changed from one of coarse, densely clumped
peripheral chromatin and very diffuse nucleolus in merozoites to one
of a slightly condensed nucleolus and fine granular euchromatin with
an area of coarser heterochromatin in late trophozoites and early
macrogametocytes. Mature macrogametes had very fine grained and
uniform nucleoplasm with a single spherical, highly condensed nucleolus.
Zygotes showed a much less distinct nuclear envelope but similar
internal fine structure to the nucleus of mature macrogametes, with
the exception of a second dense spherical inclusion in several specimens

that was distinctly chromatinous as opposed to nucleolar. A similar
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structure has been reported only in late macrogametes of E. brumetti
(12). Complete serial sections of most zygote nuclei were not
available in this study to determine whether all such nuclei contained
the inclusion. The structure is of unknown significance, but might
represent the nucleus of a microgamete after fertilization. The only
report of a microgamete appearing within a macrogamete in coccidia was
made by Scholtyseck and Hammond (49) in which a complete microgamete
was observed in the cytoplasm of a macrogamete of E. bovis. HNeither
penetration of a macrogamete by a microgamete nor fusion of gamete
nuclei in coccidia have been reported.

Certain other inclusions characteristic to coccidian macro-
gametocytes were also observed in E. nieschulzi. Inclusions that
were bound by a double memb?ane, contained in an amorphous granular
substance, and lay close to the nucleus were called 'nuclear detachment
bodies' in E. mivati (70) and E. brunetti (70). Similar bodies in
E. magna (61) were termed "Golgi adjuncts" to be consistent with

terminology in an earlier study of Toxoplasma gondii (61). Such bodies

in E. brunetti, E. magna, and E. mivati macrogametocytes appeared to

be areas of pinched off nucleoplasm or finger-like projections thereof.
Similar bodies in a more recent study of E. brumetti macrogametocytes
(12) were termed "multimembranous vesicles' due to uncertainty of their
origin. Although the contents of such bodies in E. nieschulzi did not
appear identical to nucleoplasm, the term "nuclear detachment body" was
considered preferable.

Characteristic electron lucent inclusions have been shown to be

polysaccharide by periodic acid-Schiff staining for light microscopy
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(43) and by periodic acid thiocarbohydrazide~silver--protein staining
for electron microscopy (6, 65). Ryley et al. (44) reported such
polysaccharide extracted from mixed endogenous stages of E. tenella
and E. brunetti to be amylopectin. Most recent literature on
coccidian ultrastructure refers to such inclusions as amylopectin
bodies. In E. nieschulzi, the amylopectin first appeared as electron
transparent rod shaped bodies about 0.3 by 1.0 um between layers of
endoplasmic reticulum and along the outer nuclear membrane as reported
in E. magna (61) and E. brunetti (12). Electron dense rod shaped
granules identified as amylopectin in E. mivati (70) were not observed,
nor were small osmiophilic vesicles seen associated with typical
appearing amylopectin bodies, as in E. acervulina (27). In zygotes
and early oocysts, the amylopectin bodies were almost entirely
associated with large lipid bodigs. This observation is consistent
with an earlier report in E. nieschulzi (7) that 'glycogen' bodies
were only associated with 'vacuoles' and not other membranes. No
other species studied has shown this degree of association between
the amylopectin bodies and lipid bodies.

Associated with Golgi complexes in late trophozoites and early
macro- and microgametocytes were small bodies about 0.2 um in diameter
with denser cores. Such bodies were much more numerous in macro-
 gametocytes than in microgametocytes. Speer et al. (61) reported Golgi
complex associated vesicles containing particulate matter and dense
cores in macrogametocytes of E. magna, and suggested they represent the
anlage of lipid bodies. The observation that dense cored bodies

disappeared when characteristic 1lipid bodies appeared furthers the



58
suggestion that lipid bodies arise, at least in part, from Golgi
complexes.

Eclipse~like condensation bodies with an average outside diameter
of 210 nm and core diameter of 95 nm were seen in all stages of E.
nieschulzi except microgametes as well as within a number of intestinal
spirochetes, but never in host tissue. Such structures undoubtedly
represented condensed areas of some substance in the cytoplasm of non-
mammalian cells, but neither the condensed substance nor the process
inducing such condensation is known. Similar inclusions are evident
in electron micrographs of virtually all species of Eimeria studied
ultrastructurally.

The parasitophorous vacuole (pv) surrounding coccidian parasites
is limited by a single membrane from the host cell. The vacuole
membrane was highly convoluted in most specimens with numerous intra-
vacuolar folds up to 530 nm in length, which often were in contact
with ml. Such folds were characteristic of the pv of all Eimeria
species studied, but occurred in different numbers and with different
lengths in the various species (52).

Intravacuolar tubules up to 90 nm in diameter have been reported
in the pv of macrogametocytes of E. auburnemsis (50), E. bovis (50),

E. brunetti (12), E. labbeana (66), E. falciformis (51), E. magna (61),
E. maxima (36), E. mivati (70), E. perforans (45), E. nieschulzi (7),
and E. tenella (48) and 'vesicles' with subunit type walls were observed
in E. acervulina (27). Scholtyseck stated, '"Probably, such tubules are
characteristic of all macrogametes of Eimeria species." In E. labbeana,

intravacuolar tubules were observed in about 0.1% of macrogametocytes
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(66). Intravacuolar tubules were not observed in E. ferrisi (6),
E. intestinalis (60), E. stiedai (50), or in the present study of
E. nieschulzi.

It is generally believed that nutrition of the parasite involves
the structures within the parasitophorous vacuole and surface structures
in the plasmalemma (46). '"Inactive' micropores were present in low
numbers in most macrogametocytes of E. nieschulzi, as in all other
species studied. A few specimens had "active" micropores with a large
internal fluid filled saccule which contained a granular substance
resembling that present in the pv. In such specimens the granular
material was localized within the pv into a loosely organized crescent
body. This association might suggest that these micropores functioned
as a cytopyge or excretory pore rather than a cytostome, as commonly
assumed (46). Micropores were also present in membrane 4 during
deposition of the outer layer of the oocyst wall. Small electromn
lucent vesicles lay close to such micropores in the cytoplasm. The
function and significance of micropores in inner membranes are unknown,
but their presence suggests that the membrane is active in tramsport
of materials. Micropores were not present in outer membranes.

Deep invaginations in the pellicle of early macrogametocytes of
E. auburnensis (50), E. intestinalis (60), and E. nieschulzi (7) were
reported to function in pinocytosis. Similar invaginations were
observed in a small percentage of young macrogametocytes in the present
study, but pinocytotic vesicles were not present. Trophozoites and
early gametocytes had a granular substance within the pv that resembled

a loose crescent body in some specimens. Kelly and Hammond (25)
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reported that the granular substance in E. ninakohylakamovae schizonts

originated from material derived from the host cell, probably by the
pinching off of outpocketings or folds of the cytoplasm into the

vacuole. Very small crescent bodies were observed in the parasitophorous
vacuoles of several zygotes of E. nieschulzi between the vacuole membrane

(mv) and the outermost parasite membrane (ml).

Microgametocytes

As reported by other authors (11, 17, 46, 47), early microgameto-
cytes were difficult to distinguish from early schizonts. Positive
identification was considered to be the presence of centrioles between
the plasmalemma and the nucleus, as reported for E. ferrisi (47).
Centrioles were observed closely associated with the surface membranes
and mitotic figures in mono- and multinucleate microgametocytes of E.
nieschulzi, whereas centrioles did not appear until completion of
nuclear divisions in E. auburnensis (20, 53) and E. falciformis (53).
Two pairs of centrioles were seen between the surface membrane and
some dividing nuclei of E. nieschulzi as reported in E. auburnensis
(20, 53) and E. labbeana (68). The postdivision nucleus of E.
nieschulzi had only a single pair of centrioles, as seen in all other
Eimeria species (17, 46, 53). As well as in microgametocytes, centrioles
were also present in schizonts during nuclear division, but were not
associated with the surface membrane (9, 10, 18, 24, 26). An early
macrogametocyte in the present study also had a centriole associated
with a thickening of both membranes of the nuclear envelope. Centrioles

have not been reported previously in macrogametocytes.
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Nuclear divisions in E. nieschulzi, as in all other sporozoans
(17, 46, 53), occur by eccentric intranuclear spindles termed
'centrocones' by Dubremetz (9). The centrocones of E. mecatrix (9),

E. callospermophili (18), E. magna (18, 61), and E. tenella (24) were

situated within the perinuclear space and had spindle microtubules
which passed through pores in the inner nuclear membrane and radiated
inward into the nucleoplasm. In E. nieschulzi, some spindle micro-
tubules terminated in kinetochores on loosely coiled chromosomes
aggregated into a metaphase plate and others extended past the chromatin
mass. Asters of microtubules were reported associated with mitotic

figures in E. ninakohylakamovae (26) but were never seen in E. nieschulzi

or any other coccidian species (17, 46, 53). The nuclear envelope in
E. nieschulzi, as in all other sporozoans (17, 46, 53), remained intact
during nuclear divisioms.

The nucleolus was quite prominant in early nuclear divisions of
E. nieschulzi, but was reduced with successive divisions and ultimately
disappeared or was obscured by dense chromatin. Nucleoli were lacking
entirely in microgametocytes of E. brumetti (11) and E. ferrisi (47).

Nuclear chromatin in E. nieschulzi microgametocytes was initially
finely granular euchromatin, as in late trophozoites, and became more
densely clumped and peripheral with successive divisions. The chromatin
in E. brunetti (11), E. intestinalis (4, 5), E. ferrisi (47), and E.
magna (5, 61) was clumped at the periphery of the nucleus even in early
divisions. The‘overall size of the nucleus of E. nieschulzi was reduced
by about 40% between the first nuclear division and the postdivision

stage when chromatin was condensed at one side of the nucleus. Similar
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reductions in nuclear size were reported in E. brumetti (11), E.
intestinalis (5, 59), and E. magna (5, 59). The nuclear chromatin
became segregated to the side of the nucleus closest to the plasma-
lemma and condensed to form crescent shaped masses in E. nieschulzi,
as reported in all other coccidian species studied (17, 46, 53).
After nuclear condensation, E. auburnensis underwent one further set
of nuclear divisions (20, 53), apparently producing two microgametes
from each nucleus, whereas E. nieschulzi and all other coccidian species
studied (17, 46, 53) produced a single microgamete from each condensed
nucleus. Only the condensed portion of the nucleoplasm was incorporated
into the microgamete of E. nieschulzi, as reported in all other coccidian
species studied except E. perforans (22, 53), in which the entire nucleus
was reportedly included.

As the microgametocyte of E. nieschulzi developed, there was a
great increase in endoplasmic reticulum and in the number of mitochondria.
A few lipid bodies and numerous amylopectin bodies were formed in
intermediate microgametocytes in close association with endoplasmic
reticulum. Amylopectin inclusions were not seen in mature microgameto-
cytes of E. acervulina (53) or E. brunetti (11), occurred in only 5% of
E. labbeana microgametocytes, and were observed only after differemntia-
tion of microgametes in E. ferrisi (47).

In E. nieséhulzi, deep invaginations of the single limiting membrane
containing numerous micropores vastly increased the surface area, forming
a so-called polycentric microgametocyte (46). Similar invaginations
were also seen in E. auburnemsis (20, 22), E. brumetti (11), E. labbeana

(68), E. magna (5, 18, 61), and E. maxima (35). Scholtyseck et al. (47)
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stated that only large microgametocytes which produced many micro-
gametes were polycentric, but E. labbeana has the smallest mature
microgametocyte yet described (68) and E. nieschulzi microgametocytes

are smaller than those of E. bovis, E. intestipalis, E. pragensis,

E. stiedai, and T. gondii, all of which are not invaginated and
therefore monocentric (53).

Areas of electron dense inner membrane appeared between the
surface membrane and the centriolar pair above each nucleus before
chromatin condensation in E. pnieschulzi. Similar structures in E.
magna (61) and E. brunetti (11) were reported to be anlage of the
perforatorium. Such inner membrane segments may also give rise to the
dense ring which is involved in pinching off the complete microgamete.
'Dense rings', 'dense collars', or 'underlying cylinderlike osmiophilic
layers' have been reported beneath the surface membrane of the stalk
of microgametocytes during the process of gamete differentiation in
most Eimeria species (5, 7, 11, 20, 22, 24, 35, 36, 47, 53, 59, 61).
The point of attachment of the stalk was invariably just posterior to
the basal bodies. In early studies of E. intestinalis (4, 5), E.
nieschulzi (7), E. tenella (24), and T. gondii (53), the dense rings
were mistaken for micropores. In the present study, two ring shaped
microtubules were observed in the most constricted portion of the
dense ring. The substructure of this organelle has not been reported
previously.

The anteriormost tip of the microgamete of Eimeria species (53)
contains a spire shaped electron dense structure termed 'perforatorium'

by Cheissin (4). An electron demse plate or 'plaque' (11) extends for
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some distance from the apex posteriorly just beneath the surface
membrane. In T. gondii (17, 53), this posterior region of the perfo-
ratorium was reported to consist of 15-16 short microtubules, while
in E. brunetti (11), it was described as membranous with short
projections away from the surface. In E. nieschulzi, the perforatorium
plate appeared as a membrane with bead-like electron dense structures
on the inner surface and which extended posteriad to a point just
anterior to the tip of the nucleus where it terminated in an electron
dense bulbous structure not seen in other species.

During the nuclear condensation process in E. nieschulzi, the
centrioles (basal bodies) shifted their orientation from perpendicular
to the surface of the nucleus and parallel to each other, to parallel
with the surface of the nucleus and perpendicular to each other. The
basal bodies were connected by a highly electron dense rootlet composed
of helical fibers. In other studies, this structure appeared as a
dense homogeneous matrix common to microgametes of all Eimeria species
(17, 46, 53) and which was described as a reinforcement for the perfo-
ratorium and a strong foundation for the attachment of flagella in E.
brunetti (11). TFerguson et al. speculated that such connection between
basal bodies might function in coordination of flagellar movement (11).
In E. brunette (11), it was reported that the central tubule of the
centriole disappeared upon transformation to a basal body and subsequent
flagellar outgrowth. The proximal (closed) portion of the basal bodies
in E. nieschulzi were nearly obscured by the flagellar rootlet, but a
short central microtubule was visible in some sectiomns.

Flagella are formed from the basal bodies by extension of micro-
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tubules into outpocketings in the gametocyte plasmalemma (46). Micro-
gametes of E. perforans (22, 53) and E. falciformis (53) were reported
to posess three flagella; those of E. auburnensis (20, 53), E. maxima
(36, 53), E. nieschulzi (7, 53), and E. tenella (24, 53) had two free
flagella and a short third flagellum attached for most of its length.

Microgametes of E. brumetti (11), E. ferrisi (47), E. intestinalis

(5, 53, 59), E. labbeana (68), E. magna (5, 18, 53, 61), E. pragensis
(53), T. gondii (53), and E. nieschulzi in the present study had only
two free flagella. The more posteriorly arising flagellum in the
latter group remained in contact with the body of the microgamete
posteriad to about the anterior tip of the nucleus.

Longitudinal microtubules, which differ in number and position
with species, in the body of microgametocytes have been described as
a rudimentary flagellum in several species (47, 53, 61, 68). Ferguson
et al. (11) expressed the opinion that body microtubules in microgametes
of Eﬁ_brunetti‘functioned in support of the nucleus and mitochondrion
and did not constitute a rudimentary flagellum. Since body microtubules
in E. nieschulzi are not extensions of a basal body as are active

flagella, this author concurs with the support hypothesis.
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SUMMARY

Sexual development of Eimeria nieschulzi parallels development of

other Eimeria species fairly closely, with certain exceptions. The
major importance of this study is the characterization of the complete
process of oocyst wall formation and the description of structures,
both in micro- and macrogametocytes, that were not well visualized in
previous studies.

The outer layer of the oocyst wall formed between membranes 2 and
3 (numbered from the most peripheral) from fine granular material
produced by disintegration of type 1 wall forming bodies and partial
disintegration of type 2 wall forming bodies. The material which formed
the outer layer was transported across the limiting membrane, membrane
4, and membrane 3 which appeared in segments. Outer wall layers may
or may not have coalesced before deposition of the inner wall layer.
Material forming the inner wall layer came from further breakdown of
type 2 wall forming bodies and from small electron dense bodies, and
was exocytosed‘into a space between membranes 4 and 5. Membranes 6
and 7 were observed at the surface of the sporont before coalescence of
the oocyst wall, which progressed from membrane complex 3-4 outward in
the outer layer and inward in the inmer layer.

The sporont contracted within the completed oocyst and formed a
fluid filled space. Membranes 5, 6, and 7 remained at the surface of
the sporont during contraction. Only small granular residua of wall
forming bodies remained in the sporont cytoplasm after completion of

the oocyst wall.
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Microgametes of E. nieschulzi were biflagellate and contained a

condensed nucleus, a single elongate mitochondrion, 3 longitudinal
body microtubules, 2 basal bodies connected by a helical fibrous
flagellar rootlet, and a dense granular perforatorium that terminated
posteriorly in a bulbous electron dense structure. Microgametes were
pinched-off from the surface of microgametocytes by a dense ring
which, in this study, appeared to contain 2 ring-like microtubules.
The substructure of the flagellar rootlet and the dense ring have not

been reported previously in Eimeria.



68

APPENDIX

Preliminary attempts to study ultrastructural changes during

sporulation of Eimeria nieschulzi oocysts were not successful. To

study fine structure within the formed oocyst wall it is necessary

to either (i) mechanically disrupt the oocyst wall, (ii) chemically
disrupt the wall, or (iii) partially degrade the wall by chemical
means so as to increase the permeability and facilitate infiltrationm
of fixatives and embedding resins without damaging or altering the
cytoplasmic mass(es) within. It was possible to strip away the outer
layer of the oocyst wall in 2.5% sodium hypochlorite (NaOCl) (43) but
treatment of stripped oocysts with 2:1 chloroform-methanol, concentrated
sulfuricAacid, or proteolytic enzymes did not appear to alter the
permeability of the inner wall layer. Epoxy embedments of pelleted
oocysts subjected to the above chemical treatments and extended
dehydration and infiltration regimes were very difficult to thin
section with glass knives and contained only collapsed specimens when
examined microscopically.

Mechanical disruption of the oocyst wall was attempted with (i) a
Thomas tissue homogenizer and (ii) a Ribi cell fractiomator. It was
found that vigorous treatment of sporulated oocyst in the tissue homo-
genizer for 16 minutes ruptured about 75% of the oocysts and released
sporocysts and free sporozoites. Similarly, sporulated oocysts subjected
to 900 to 1,000 pounds per square inch in the Ribi press were nearly
all ruptured, releasing sporozoites. Lesser pressures had little or no

effect on oocyst walls,
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Feces from infected animals were collected frequently and refriger-
ated in 2.5% KoCr07. Samples were pooled until the infection was
passed and then the unsporulated oocysts were extracted and concentrated
as outlined in the Materials and Methods before warming to room temper-
ature to begin sporulation. Aliquots were withdrawn at 12 hour intervals
and subjected to the above listed chemical treatments, the Ribi cell
fractionator, or the Thomas tissue homogenizer. Samples for mechanical
disruption were suspended in 3% glutaraldehyde in 0.2 molar cacodylate
buffer at pH 7.2 for the treatment. After treatment, samples were
dehydrated and infiltrated in suspension, then finally repelleted in
Spurr's epoxy resin by high speed centrifugation of the embedding molds
containing suspensions of oocyst fragments and epoxy resin. As noted
with the chemically treated samples, epoxy embedments of mechanically
fractured oocysts were extremely difficult to thin section with glass
knives due to the hardness of the oocyst wall fragments. No intact
cytoplasmic masses could be found in sections from those embedments,
indicating that rupture of the sporont accompanied rupture of the oocyst
wall under the conditions employed.

Birch-Andersen et al. (1) reported success in thin sectioning
oocysts by a frozen section technique, although the fine detail obtained
was less than that desired. Although a Christiansen frozen thin sec-
tioning attachment for ultramicrotomy was available, use demands on the
single ultramicrotome available at the University of Montana precluded

employment of that technique.
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