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Revision of Microsporida (Protozoa)
Close to Thelohania,
With Descriptions of One New Family,
Eight New Genera,
and Thirteen New Species

Ba v by s vewearcds cnpomendiaisd, foseets AAthectens Mare Besearel Laboratory,
A st Researedde Serccon  ETN fhempetment or Agrrenlteree. Guones de, i,
ad SOW O it researe B aaaeesthe Depaetogert af Entamedogy, Uneversity of
B b Hermesedhie

ABSTRACT

Thelohanudae fiun, n. 1= erected o include Agmasoma gen. n.,
Ambivospora men. n. Chapmuniom gen. n., Cryptasporing gen. n.,
Hyafrnoevsta gen. n., Inadospores Overstreet and Weidner,
Purathelohan Codroanuy, Pegmatheca gon, ., Pilosporelle gen. n.,
Sasterostrena gen. N, and Thelohanio Henneguy, Species previ-
ously plaved in the genus Thelohonie are discussed and 13 new
spectes A mblvospore amphipadae, A callosa, A, heenani, A,
EFhalewling, AD mopngensis, Chapmaninm cirritus, Cryptosporina
hrachypila, Hyelinoeysta chapmum. Parathelohania chagrasensis,
Preamutheca simudn, Pldosporelia chapmani. P. fishi, and Sys-
tenostremu febano are deseribed. The new classification is based on
nwrpholomeal characternsties seen in preparations made for the
light nueroscope and the seanning and transmission electron micro-
seapes, Additional taxonomie eriterig are based on host-parcasite re-
latinships. Synonymivs are given for proviousiy deseribed species,
and a dragnostic keyv s provided for the separation of genera.

INTRODUCTION

Henneguy in Heaneguy and Thélehan 11892 established the
wenus Thelnhania tor three new species (7. confejeani, T, giardi, and
T. octosporgy on the basis of their having eight spores within an
envelope. Thelohan 1892y placed this genus in a new lamily,
Glugeidae (Glugeidoes, along with its type genus, Glrgea Thélohan
892, both of which he believed to have spores enclased by an
envelope.
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Gurley (18931 added 7' macrocystis 1o the genus Thelohenic. He
also believed the envelope (pansporoblastic membrane’ and the
number of spores contained by it to be imporlant since he created
another new genus, Plecstophora, for a species, P, typiealis, having a
vartable number of spores, but more than cight, developing within a
membrane, He placed both genera in the family Glugeidae. Labbe
VIBO placed these two genera o the family Nosematidae aftor Alp-
pressing Glugeidae by making Glugea a synonvm of Noseme Nigel
L1RETY

Stempell (1908 did not consider the presence or absence of a
pansporoblastic membrane important as a family character, Rather,
he used the form and development of vegetative stages Lo deternmine
fumly taxa. thereby creating the family Pleistrophoridac for the
penls Plerstophiora, retaming the Gamly Nosematidae, which in-
ciuded Thelohania, and restoring the family Glugeidao for Glugea.

Leger and Hesse 019220 also agnorved the paasporablastic mem-
brane enclosing the spores of Pleistophora and Thelohania as well as
the vegetabive development described by Stempell when they pro-
posed U completely new elassification based solely on spore shape.
They were apparently so npressed with the differences in the
shapes of the spures of the new species of Cocconema and Mrazekia
that they placed them in the families Cocconemidae and Mra-
cehrdae, having spores sphervical and rod shaped, respectively, Also,
they placed Glegea, Nosema, Pleistophora, and apparently
Thelvhaaia in the family Glugeidae, representing speeies with
pyritorm spores. We now know that g classification based on spore
shape alone, exeluding important eriteria such as sporogonic slagres
antd punsporoblastie membranes, cannot diagnostically accommadate
the tremendous varety of species known today.

Kuda 192401 used a combination of the classifieation systems off
Stempell and ol Leger and Tesse ax he also did not consider the
pansporoblastie membrane to be an important taxenomic character.
This s seen in the manner in which he handied the taxonomic
placement o o microsporidium deseribed from the maosquity Cufex
prptens piprens Linnacus, Kudo (19200 fivst named the microspor-
whem Thelohanie megna, believing it had only octonucleate sporonts
ghving rise o curht spores not enclosed in a pansporoblastic mem-
brane, Later c1924¢ and t925h), he transferrod this spocies Lo the
sonus Stempellia alter studying additional infected maosquitoes hav-
g spurnnts with twe, four, six, and cight nuelei giving rise to two,
our, six. and cight spores. Hazavd and Fukuda (19741 coniTrmed
through clectron microscopy that 8. magnae has no pansporoblastic
membrane surrounding the spores. In his menograph on the mi-
crosporidin Kudo (1924¢) retained any species in the genus
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Thelohania having sporonts forming eight spores not enclosed
within a pansporoblastic membrane. Weiser (1981) used essentially
the same taxonomic criteria for Thelohania.

Tuzet et al, (1871 reestablished the importance of the pansporo-
blastic membrane by using it as the diagnostic character for a new
family, Polysporidae, for genera having two or more spores enclosed
within a pansporoblastic membrane. The family is not valid, how-
ever, because they did not derive its name from one of the genera
included in the family. Qur studies of the ultrastructure of species
formerly placed in the genus Thelohonia veveal that some of them
represent several new genera and consequently a new family, The
eriteria used to delineate our new genera and the new family are
partly these used by Stempell tnature of vegetative stages), Léger
and Hesse ispore shapel, and Henneguy. Gurley, and Tuzet et al.
ithe pansporoblastic membrane). However, we also used new infor-
mation {rom our electron microscopy studies concerning the ultra-
structure of the sporonts. pansporoblasts. and spores. Thirteen new
species are also deseribed, and a key for the sepavation of genera is
presented,

METHODS
Light Microscopy

Giemsa-stained smears were prepared by smearing infected tissue
on a wmicrescope slide, air deyving, fixing in 95% methano! for 4
minules, staining with a 1:8 mixture of Giemsa and pH 7.41, buff-
ered, distilled water for 10 minutes. and rinsing with tapwater.
Heidenhain's-hematoxylin-stained wet smears were prepared by
smearing infected tissue on a glass coverslip and immersing before
drying in agueous Bouin's fixative for 8 hours, washing in 70%
ethanol overnight. mordanting in iron alum lor 4 hours, staining
with Heidenhain's hematoxylin overnight, destaining with iron
alum te desived intensity, and mounting on a microscope slide. To
determine infected host tissues. sume specimens were [ixed in Car-
noy's fiuid, embedded {n pavaflin, sectioned, stained with Heiden-
hain's hematoxylin, counterstained with Bosin Y, and covered with
a glass coverslip sealed with Histoclad. Fresh and [ixed spores were
measured with an A.E.l. Cook image-splitting micrometer at a
magnification of 1,000 x.

Scanning Electron Microscopy

Infoected lnrvae were either smeared in distilled water on glass-
covercd metal specimen stubs or smeaved directly on the stub and
fixed 1 the vapors of osmium tetroxide. The stubs were placed in a
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vacuum cvaporator, and the spores coated with 200 to 300 A of gold
at 2 vacuum of 2410 * torr. ln some species, spore suspensions were
made from infected larvae. These spoves were (ixed in 4% glutacal-
dehyvde or e osmium Letroxide or both in 0.1 M cacodylate bufler,
debydrated in ethanol, and held in absolule cthanol overnight.
Spores were dispersed on glass-covered metal specimen stubs and
couted with gold as above,

Transmission Electron Microscopy

Swmall pieees 1 mm® of infected specimens were lixed in 4%
photaeatdehyde in 0.1 M phosphate or cacodytate buller fov cither
4 howres at room temperature or overnight at 8 C, then postfixed in
I'e osmitm tetroxide, dehydrawed in ethanol, and embedded in
either Kpon iLuft 1961 or Epon-Araldite (Mollenhauer 1964). Sec-
flons of GOB to 900 A were slained with saturated aguesus uranyl
acetate. followed by fead citrate (Venable and Coggeshall 19651
Photomicrographs were taken at an aceelerated voltage of cither 50
pr TH kY,

THELOHANIIDAE fam. n.

The fumily represents species having sporonts that, after three
sporogonic divisions, give rise to eight uninucleate microspores {oc-
tospores’ enclosed by a pansporoblastic membrane. Occasionally, a
fow sporants of some species {all o complete the normal number of
sporogonic divisions, producing macrospores tone, two, three, or four
i number! also enclosed by a pansporoblastic membrane and often
mixed with normal microspores. Microspores and macrospores have
idontical ultrastructures, dilfering only in size. The pansporoblastic
mewbrane surrounding the spores may be persistent or subpersist-
eat, depending on species,

At the time of nuclear division. the cytoplasm of the sporont di-
vides by endoegenous budding and constricts around the daughter
nuctel, giving the sporont a lobed appearance. The dividing sporonts
secrete metabolic substances textranuclear granules of Kudo, 1824a)
which ave deposited in the space between the lobed sporont and the
pansporoblastic membrane. These metabolic substances can take the
lorm of small granules or lavger erystallifovm particles. During
sporulation these particles are noticeably reduced in size and num-
ber and in a few species disappear. At sporulation microtubules
are formed tin some species) inside the pansporoblast surrounding
the sporoblasts. The microtubules are produced from proteinaceous
excesses forming the outev layer texospore of Vavra, 1966) of the
spore wall and pevsist inside the pansporoblast until the pansporo-
blastic membrane ruptures.
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Some species, in addition to producing octospores, have another
kind of sporogony. producing a variable number 16-403 of spores that
are binucleale and not enclosed by a pansporoblastic membrane
three sporest, This sporogonic sequence usually develeps in the adult
female host. Sporulation usually occwrs in the oenocytes, reducing
the fecundity and longevity of the female host, but not causing sud-
den death. All of the sporonts, however, do not sporulate. Instead,
they invade the ovaries, where they divide and produee binucleate
stages that enter the ovarvioles and later cause patent infections in
the larval progeny.

Qctospores usually produce gross symptomoelogy (white discolora-
Lion of muscle, hepatopancreas, or fat body? and mortality in young
female or male hosts or both (depending on the microsporidian
speciest, However, free spores associated with the transovarial se-
gquence in adult female hosts do not produce gross symptomology.

The species of this [amily are common parvasites of a varviety of
aquatic and semiaqualic invertebrate animals. The type genus is
Thelohane Henneguy,

KEY TO THE GENERA OF THELOHANIIDAE

L. Polar filament abruptly constricts near the middle to form a

much narrower distal portion ....... ... ... . o .. 2
1. Polar filament of nearly uniform diameter from base to distal

end or only gradually narrowing te the distal end ....... 7
2. Octospores tresh or preserved) oval or oblong ............. 3
2" Qctospores tresh o preserved! pyvilorm ... e ... 4

3. Octospores fixed in aqueous Bouin's fTuid and stained with

Heidenhain's hematoxylin have a constrictad posterior

end ..o Parathelohanio Codreanu, 1966 (p. 56)
3", Qctospores fixed in aqueous Bouln's (luid and stained with

Heidenhain's hematoxylin have cne or both ends

truncate; the posterior end is often somewhat

invaginated ... ... ... .. . ... Amblyospore gen. n. (p. 9
4 . Pansporoblasts fusiform; the pansporoblastic membrane

persistent, retaining the spoves . .Chapmanium gen. n. {p. 45)
4’. Pansporoblasts oval; the pansporoblastic membrane

subpersistent. breaking and freeing spores readily ... .. .. 5
5. Pansporoblastic membrane easily observed in Bouin's-fixed

and Heidenhain's-hematoxylin-stained smears; octospores

broadly pyriform ... ., ... ... .. Hyalinocvsta gen. n. (p. 52)
&', Pansporoblastic membrane extremely difficult to observe in

Bouin's-lixed and Heidenhain's-hematoxylin-stained

BIMBATSE ottt it ettt e e e e 6
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6. Cytoplasm of sporonts not dividing until last nuclear division;
parasites ol decapod crustaceans ... Agmasoeme gen. n. (p. 6
6'. Cytoplasm of sporonts partially dividing by endogenous
budding with each nuclear division; parasites of
INSECLS ..ttt i Svysfenostrerma gen. n. (p. 87
7 . Octospores subspherical or spherical
Pilosporeila gen. n. (p. 82
7. Octospores oval or pyriform ... o ol 8
8. Fresh tnonpreserved) pansporoblasts {illed with dense,
amber-colored crystalliform particles, obscuring the spores;
enly one species known. this from an aquatic

ML . et e Cryptosporing gen. n. (p. 49}
8. Fresh pansporoblasts not filled with dense crystalliform
particles; octospores veadily visible in pansporoblasts ... 9

g, Octospores with four or five acicular appendages
Inodosporus Overstreet and Weidner, 1974 (p. 55)
9. Octospores without acicular appendages .. ............ ..., 10
10. Octospores oval, with both ends equally rounded; parasites of
blacklly larvae ... ..o ool Pegmatheca gen. n. (p. 79
10", Octosperes oval or pyriform, with the posterior end more
broadly oval than the anterior end; parasites of decapad
crustaceans . ......... ... Thelohanioc Henneguy, 1892 (p. 90

AGMASOMA gen. n.

Only one developmental seguence is known, in which sporonts
form octospores.

The pansporoblasts are subspherical or oval and have a fragile
panspotoblastic membrane that soon ruptures when dissected from
host tissues. releasing small oval to pyriform spores ifig. 1). Unlike
the other genera ol Thelohaniidae, eytoplasmic division in the spor-
onts is delayed, beginning only after the nuclei have made three
divisions forming octonucleale plasmodia, The ultrastructure of the
octosperes differs from that of the species of Thelohania in decapod
crustaceans by having a polar filament with a broad basal portion
abruptly constricting to form 2 longer and much narvower distal end
and by not having a prominent lamellate polarvoplast (fig. 3). The
spore wall is smooth and without surface structure. Living octo-
spores are without a mucous envelope.

Agmasvma should perhaps be placed in a new family since it ap-
pears that the sporonts divide by a process much different from that
in other genera ti.e., not by cytosplasmic budding. fig. 2). Also, these
microsporidia do not secrete metabolic substances that form
eranules or crystalliform particles as do the other members of the
family. We do not erect another family here, however, because our
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information came from electron photomicrographs of tissues taken
from a shrimp packed in ice lor many days, and this treatment may
have produced abnormalities in the sporonts. We hope to make a
souncler case (or including Agmaesomea in Thelohaniidae after study
of material from infected live shrimp. We do not hesitate to establish
a new genus, however, since the polar filament of the spores is struc-
turally very different from that in spores of other species in decapod
crustaceans, We name the genus Agmasoma, meaning “fragmenting
body.” veferring to the type of cyteplasmic division at the time of
sporulation. The only known species of this genus is the type, A.
penael (Sprague).

Agmasoma penaei (Sprague, 1950) comb. n.

Thelohanw peraci Sprague, 1950a, Oceas, Pap. Mar, Lab. La. State Univ. 5: 4;
Sprague, 1965, J. Pratogool. 12: 66; Sprague. 1970, Am. Fish. Soc. Spec. Publ. 5: 425;
Sprague and Couch, 1871, . Provozool, 18: 530.

Bpore size.~—Living octospores measure 4.0%2.2 um [6.0-7.0
x3.5-1.2 pem, macrospores] (Sprague 1950a); 3.82-5.25%x2.33-3.34
pm {authors),

Host. —Penaeus sefiferus (Linnaecus), a shrimp, collected in Florida
and Louisiana, U.S.AL

Infection site.—Reproductive organs.

Living and preserved octospores are pyriform and have a small
visible vacuole in the broader posterior end (fig. 1), the vacuole
appearing larger and being more prominent in Heidenhain’s-
hematoxylin-stained smears. The living spore has no mucous
envelope,

The cytoplasm ol the sporonts dees not divide by budding, but in-
stead, by a delayed aggregation of protoplasm after three nuclear
divisions to form eight spores (fig. 2). During cytoplasmic division no
metabolic products (granules or crystalliform particles) are depos-
ited inside the pansporoblastic membrane, and during sporulation
no microtubules are formed, leaving the pansporoblasts void of these
materials,

The octospores ifig. 3) have a thin exospore, an abruptly constrict-
ing polar filament, and an indistinct polaroplast. The large basal
portion of the polar flament is unusually short, forming only 2%
coils inside the spore, whereas the longer and narrower distal por-
tion forms 6 coils.

We know nothing of the host-parasite relationship or whether or
not Lhis microsporidium causes death of its hosts. We assume that
fecundity is reduced in female hosts since their reproductive glands
are heavily infected. This microsporidium is not only unusual be-
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cause of the methed in which its spervonts divide, but also because
sporonts develep in the reproductive organs ta tissue not supporting
spuronts produeing octospores in other species of Thelohaniidae).

PN A2
iRy 3--Ulrastructure of A, penaer nctospore. x 30,750, CPF, constricted palar
lilament.

AMBLYOSPORA gen. n.

Most, il not all, species of this genus are dimerphic and have two
developmental sequences in their hosts: one only in immature males
or in both immature males and females, producing octospores en-
closed by a pansporebiastic membrane; and another in adult
females, producing a variable number of free spores.

The pansporoblasts are oval, Living octospores are oval, having
broadly rounded posterior ends and somewhat narrvow anterior ends
tfig. 311, Preserved with aqueous Bouin’s fixative and stained with
Heidenhain's hematoxylin, the octospores are truncate on one ot
both ends, depending on the species (figs. 9, 12, and 33). The
pansporoblastic membrane remains intact for a short time when
removed from the body of the host. The sporonts producing octo-
spores secrete many dense granules (metabolic products) of various
size, depending on the species, that are retained by the pansporo-
blastic membrane. These granules are readily discernible in trans-
mission electron photomicrographs iligs, 14, 22, 28, and 36) and are




16 TECHNICAT BULLETIN 1330, U8, DEPT. OF AGRICULTURE

also prominent, in some species, in both Giemsa-stained and
Heidenhain's-hematoxylin-stained smears. The chromosomes in the
dividing sporonts of this genus are also readily stained with
Hewdenbhain's hematoxylin in wet fixed smears, and the ease with
which they car be observed is characteristic of all Amblyospora
species g, 345 The octospores have a thick exospore, a long polar
filtnent consisting of a broad basal portion abruptly constricting
near the middle o a narrow distal pertion, and a prominent lamel-
lated polaroplast. The living octospores of most species are covered
by a mucous envelope tNg. 8), which is readily resolved in dilute
wndir ik prepurations tLom and Vavea, 1981 and 19630,

The multinucleate sporonts associated with female hosts and the
transovarial transmission of these micvosporidia to thelr host prog-
eny produce {ree spores (4 to 12 in numberi which develop in oeno-
evtes, are thin walled, and have a lavge prominent vacuole and a
polar [tlument of unilorm diameter. We have seen great morphologi-
cal differences in free spores among adult female mosquito hosts.
For instance, Acdes punctor (Kirby) females have cvlindrical spores
developiog in the ovarvies: Coguillettidia perturbans (Walker) fe-
males bave clongate spores developing in oenocytes; Culex salinar-
s Coguillett females have lavger elongate spores developing in
avhoeytes: Culisete impaticns tWalker) females have spherical
spores developing in the ovaries: and Psorophora columbiae (Dyar
andd Knabi females have short oval spores developing in the ovaries.
These new species are not deseribed here because we do not have
tformation concerning the ultrastructure of the octospores in lar-
vite. When nothing is known about the free spores associated with
adult females, a species can be distinguished by the size of the octo-
spoves in larvae, the number of coils of its potar filament, the ratio of
coils tormed by the broad basal portion of the polar filament to its
aarrower distal pertion, and the pathology (benign or fatal) pro-
duced in the host. Other characters ofter uscful in distinguishing
speeles are the shape of fixed octospores thaving one or both ends
trancater and the type of metabolic products (granules, large or
smalt. or ceyvstalliform particles) secreted by sporonts. Even though
woe suxpect that most Amblyvospora species are transmitted to their
host only through the ovaries (Kellen et al. 1965 and Chapman et al.
19661, we hesitate o deseribe new species without having some in-
(ormation coneerning the ultrastructure of either the octospores or
free spores, We present six now species here, however, because we do
have lnformation concerning the ultrastructure of octospores or be-
canse they have been given status as possible species by designation
us o subspoectes ov variety by preceding authors.

This genus vepresents a large number of closely related species
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known (rom n large variety of aquatic invertebrate hosts such as
amphipods, blacklies, caddisflies, and mosquitoes. The name
Amblyospore means “blunt spore,” referring to the characteristic
shape of the octospoires lixed in aqueous Bouin's Muid as wet smears
and stained with Heidenhain's hematoxvlin, We designate Amblyo-
sporu califormica Ketlen and Lipa) as the type species since more is
known concerning both sporogonie sequences in this species than in
the others.

Amblyospora amphipodae sp. n.

Spore size. - Laving octospores measure 4.35-5.46x3.02-3.34 oy
suspocted [ree spores measure 9.06-10.353.55-3.76 em.

Host, -Crangonyy richmondonsis Ellis, an amphipod.

Infection site, --Hepatopaaereas,

Holatype, -Swamp cast of Trenton, Fla., U8 AL oo State Road 26,
dang 18, 1973, USNM No. 24377 (Hazard, Knell, and Oldacrel.

Paratype. --USNM No, 24378 tHazard, Knell, and Oldacre).

Fresh oclospores arve broadly oval tfig. ) and are nol surrounded
by i mucous envelope, The octospore [ixed in Bouin's fluid and
stained with Heldenhain's hematoxylin is equally fruncate on both
onds and somewhat invaginated on the posterior end tlig. 5). The

[INEE R
Figt #F 4 Fresl spores of Amblyospora amphipodae <p, no <~ 2,000, Ps, five SpPOTe;
Os, Octosparo.
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PPN 11534

Parrr 5 Hewleaha's-hemuatoxyhin-staned octospores and (ree spoves of AL

aripdimodae. 20800
bBying spores suspeeted of being [ree spores look superficially like
the spores of Stempellia magna tsee Hazard and FPukuda 1974) in
that they are coniform fig, 4,

The setospore has a very thick endospore and exospore and a large
polaroplast consisting of many tightly compressed lamellae i1g. 6).
The polur Glament makes 9 colls inside the spore: 3'» Lo 4 coils in
the broad basal portion and 5 coils in the navrow distal portion. The
posterior end does not eollapse into the arca of the vacuole as readily
ax do other species in preparations of tissue lor electron microscopy.
The punsporoblasts contain @ mixture of small and moderately large
granules, these persisting after the spores mature, at which time a
few tubules can also bhe seen.

The large conilorm spores, suspected as being free spores. have
thin expspores; very large polaroplasts, consisting of many tightly
compressed lamellae; and long, gradually tapering polar filaments,
making nearly 40 coils tmany overlapping coils in the posterior end)
inside the speres (fig. 71 These [ree spores (71 are binucleate.

The anumals infeeted with octospores display gross symptoms
awhitfish coloration of the hepatopancreasy;, however, the discolora-
tran s pot as evident in these animals 2 are the Ambiyospora infec-
tions in aquatic inseets, Lattle is known concerning host pathology,
huost-purasite relationship, or parasite biology. We have seen a
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vadospore.

Ulerastrueture of A, gmpfupodae octospare. ~ 22,500, Ex,

En

PN 1A
exospore; En,

-

Wit we 7

Pp. palaroplnst.

PNoHas

Ulirpsteneture of A, amplupodae Tree spore. < 12,000, PF, polar filament;

13
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number of species in a variety of amphipod species, this one named
after the class of its host tAmphipodar.

Amblyospora benigna (Kellen and Wills, 1962) comb. n.

Thelohuma bergna Kellen and Wills, 19820020 fnsevt Pathel L 33, Kellen et al.,
WE5, 4 lovertebr Pathol, 7 WL Wemer, 19868, Nemoey v, po 480, Keliea e al.,
1664, 1 Invertebr Pathel 8 13533

Spore size.—Living octespores mepswre 415+ 0,05~ 2.68 £ 0.02 pome
presevved actospores weasure 402~ 004~ 2 895003 um.

Host, -Culex apicalis Adiuans, a mosquite, collected in California,
U8

Infection site, - Adipose lissue of male and female larvae (Kellen
et al. 19651

Naothing = koown of the 2porogonic stages in adult females or of
the ultrastructure of the uctospores, Inlected male and female larvae
urvive to become adult mosquitoes (Rellen et al, 1865). We have
seen only Giomsa-stained spores of this species; therefore, we tenta-
tvely place it in Amblyospora. pending study of material prepared
for Heidenbain's hematoxylin staining or new information (rom
electron aneroscupy,

Amblyospora bicortex {Baudoin, 1969) comb. n.

Fiiclomzear breorter Bandom, 1908, Praustologiea 5 441,

Spore stee.—Octospores measure 7.5 5.5 um.

Host. —Phrygenca grandis LUinnaeus, a caddistly, collected in
France.

Infection site. —Adipose tissue of larvae,

Baudoin 11969 found only octospores associated with larvae of P.
grandes. He describes the octospores as having thick walls. The
thick basal portion of the polar filament is easily observed in his
photegraph of extruded fresh spores. He claims to have seen the
same species in Trichostegio minor 1Curtis), mixed with another
Thelohoma species. (See Amblyospora frichostegiae.) In our opinion.
these spoves represent two distinet species in the two hosts, the
smaller ond oval spoves in Trichosiegia minor being the octospores
ol A frichostegiae.

This microsporidium was poorly prepared tperhaps improper spore
{ixattony for electvon microscopy. and only a few details can be seen
in Baudoin's electron photomicrographs. The polaroplast and the
thick exospore s typieal of Amblyvospora, but the ultrastructure of
the polar {ilament cannot be reselved.
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We place this speecies in the genus Amblvospora based on the
struerure seen in Baudoin'™ clectron photomicrographs, Better elee-
tren photomicrographs and additional information concerning the
free spores will undoubtedly illustrate other difforences, Nothing is
known converning host-parastte relationship,

Amblyospora bolinasce (Kellen and Wills. 1962) comb. n.

Fheloigmg bofonaae Kellen aod Wills, 19620, 0 tnseet Pathal 348, Kellen ot al.,
IG5, lnvertebr Pathol 7 161 Werser 1968, Noemoet luny s, p 460, Werser, 18904,
A athias b insect diseases, po25d

Spore size. - Living oclospores measuve G.8920,08 54,85+ 0.04
preserved octospores measure 5. 700007 ~ 4455008 pm,

Host. -Aedes squanager (Caoguillett), a mosquito, colleeted in
Cahfornia, USUA,L

Infection site,-~Deneevios ol male larvae (Kellen et al. 19656,

Nothing iz known of the spurogenie stages in adult females or of
the ultrastructure of the octospores. Infected male larvae die prior
to pupation. From the inlormation we have from Gilemsa-stained
smears, we tentatively place this apecies in Ambdlvospora. pending
additional mlormation from electron microscopy.

Amblyospora bracteata (Strickland, 1913} comb. n.

G hracteqsa Stewkland, 1913000 Moephal 240 90,

Fineligeur hegereate Dobansteux and Gastaldl an parn, 1918, La Cellule 30: 203:
Tudo am pacty, 1931e, HE Bl Monogre. 802 350 160; Fantham et all on pard, 1800,
Parasiology 33 202, Wetser i party, 19475, Pr Moravske PRie. Bpol. 18 420 Thomson
dae parte 1960 Inseet Pachiol 20 387, Woser i paret, 1861, Monogr, Angew, En.
tomad 170 123, Mauraad and Maanier, 1968, Aan. Parpsitel Hum. Comp. a3 79

Spore size. —Preserved {7 octospores measure 3.0-2.5%2.7 um
1Strickland 1913,

Host.—S{mulinm aurewm Fries t=8imulivm bracteatum of Strick-
land:, a blacklly. collected in Massachusetts, U.S A, and in Canada.

Infection site,—Adipose tissue of larvae.

Strickland 11913 described the octospores as short elliptical
bodies, somewhat truncate on the ends, and his illustrations of them
are typical of the nctospores of Ambdlvespora. He names an addi-
tional host, Stmefivm hirtipes, but this is not a nearctic speeies, and
aeeording to Stone ot al, 11965! it is the type species of Prosimulivm.
We have studied the ultrastructure of octospores of several Amblvo-
spora, not deseribed here, in blackflies from the Southern United
States and find diagnostic differences in each form in cach host
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speeies. We are reasonably sure. thereforve, that the microsporidia in
the Europeun blackflies of Debaisieux and Gastaldi (1919 and
Welser 11947, 1961, and 1966) also represent new species of
Amblvospora. Debaisieux and Gastaldl and Weiser gave the name
T. bracivata to all of the forms they lound in Simulinm maoculatum
Meigen, 8. ochraceum Coquillett, and 8. cenustum Say. Lutz and
Splendore 119041 described a microsporidium from a Simulinm
speeies in Brazil that may alse be a new species of Amblyospora;
however, descriptions of these await new studies ol blackilies col-
lected in Brazil and Eurape,

Vivrea (19651 studiced the ultrastructure of what he called 7. brac-
featu, presumably found in a Simufivm specics collected in Czecho-
slovakia, and Liv et al. (197 1) and Liv and Davies11972a. 1972b, and
19734 studied the wltrastructure of a species they called 7. bracteata
in Simalivm vittatum fettersiedt eollected in Ontacio, Canada. In
each case Lhey studied species that have structures tgranules and
tubules, thick walls, and abruptly constricting polar lilaments)
characteristic of Ambfvespore, but these ave not necessarily identi-
eal to 77 bracieate. Descriptions of new species from our studies of
simulids collected in Florida must alse wait until the ultrastructure
ol & neotvpe ol A, bracteate Trom 8. qureum has been studied.

Amblyospora californica (Kellen and Lipa, 1966) comb. n.

Thelohemn califormiee Wellen and Lipa, 1860, J. Insect Pathol. 20 1; Thomson,
THG0. J. Inseel Pathol, 2 357, Kellen and Wills, 18620, J. tnsect Pathol. o 321 kel-
len and Walls, 19683, Proc. st Int Conge. Prowozool., p, 490: Kudo and Damels, 1963,
JoProwzoo] 100 112 120; Kellen et al., 1965, J. Invertebr. Pathol. 7: 161 Ketlen et
Al IBEL, Fxp. Parastiol 18 251; Weiser, 1966, Nemoei hmyaw, p. 460; Kellen et al,
1468:, . lovertebr. Pathoi. &: 355 Chapman et al,, 1967, Proe. N.J. Mosq. Exterm.
Assor. Sk 560 Kuda, 1971 Pratozoology, po 8160 Khaliuhn and Ivanov, 1071,
Parazitologina & 100,

Thelohanta opacita: Wewser vn partt, 1981, Monegr. Angew. Eatomol. 17; 113, New
RV NONY

Noserwe dnadum Rellen ot all, 1967, 4. Invertebr, Pathol. 9 22, New synoaymy.

Thelohasa sp. Chapman, 1966, Univ, Nev, Bull, T2 37: Tsai ol al.. 1969, Maosq.
Nows 28103,

Spore size.~Living octospores measure 6,8-10.4%5.0-6.5 um: pre-
served octospores measure 5.45-8.72x4,3-5.4 um; living free spores
measure 12.86x0.17%3.7520.05 um; preserved {ree spores measure
11.43%0.15%3.70£0.06 um.

Host. —Culer tarsalis Coquillett, a8 mosguite, collected in Califor-
nia, US.A. (Kellen and Lipa 1960); Louisiana, U.S.A. (Chapman et
al. 19671 Nevada, U.8.A, (Chapman 1966); and Utah, U.S.A, (Tsai
et al. 1969,

Infection site,—OQOctospores develop in the oenoceytes of male larvae
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tRellen ot all 1965, whercas free spores develop in venoeyvtes of
adult females, carvying schizonts via the ovaries,

Living octospores are surrounded by a thick muacous envelope fig.
21 Octospores fixed in aygueous Bouin's tluid as wet smears and
stained with Teidenhain’s hematoxylin are iruncate and obviously
somewhat invaginated on their posterior ends tfig. 9. Living ree
spores are elongate and curved, have a distinel dark vacuole, and
readily extrude their polar filament, According o Kellen of al.
C19671, they are binucleate.

The octospore has a thick and rugose exospore, an abruptly con-
stricting polar filament, and a targe polareplast consisting af tightly
compressed lamellae (g, 108 The polar flament consists of 12 eoils,
5 formed by the broad basal portion and 7 formed hy the narrow
distal portion. Kudo and Danicls 11963 alse studied the octospore
ultrastruciure, but their results were poor, possibly owing to impro-
per fixatien, The sporonts that eventually produce netospores seerete
dense granular particles that aggregate in lavge clumps imside the
pansporoblastic membrane ig. 11, These then disappear during
sporulatien. We helieve that these granules contribute to the forma-
Lion ol the thick exospore. Nothing is known of the ultrastruetwre of
iree spores in adult females,

PN T
Fiut RE ® - Fresh octospores of Ambivospore cafifornies 1Kellen and Lipsy m ditute
indie ink. ~ 1,000, ME, mucous envelope.
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[ERS EES

Frit ke & Herdenhaw's-hemaptoxylin-staned octespores of A. califormca. x 2,000,

UN 4454
Faooge ) Ultrastructire of A celijornica octospore. < 17,100, CPF, constricted
polar Olament; N, nucleas.
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BN ARG
Foaoorr 11 Dhviding sporont an AL ealffornice pansporoblast. x 4800, PM,
pansporeblastic wmembrane, MG, metabohie granoles,

infecied female larvae and adules do not show gross symptoms,
and they survive long coough to reproduce, passing the infection to
thew progeny. The sporonts in these females remain dormant in the
hemaolymph of kuvae, invading oenoevies at or near the time of pu-
pution. These stages then go through repeated divisions, lilling the
hyvpertrophied bleod cells with quadrinucleate and binucleate spor-
onts tKelien ot al. 19671, At sporulation the ocnoevtes enlarge, be-
commnyg 200 gm or more in diamoter, and are {ilied with free spores.
Octospores orm only in male larvae, all of which suceumb to the
infection tn thete last instar.

Amblyospora callosa sp. n.

Spore size, —Preserved octospores measure 2.33-2.92x2.07-2.49
pm: preserved ree spores measure 3.02-4.08%1.64-2.60 pm.

flost., ~Rhavophila fuscule (Walkeri, a caddis{ly.

infection site, —Both octospores and [ree spores develop in the adi-
pase tissue of larvae,

Holotype, - Strenm near sewage plant east of Belchertown. Mass.,
U AL May 16, 1972, USNM No. 24379 (Hall and Hazard).

Parutype. -~ USNM No, 24380 tHall and Hazard),
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Octospores preserved o agueous Bouin's (luid as wet smears are
neirly truneadace on bolh ends g, 120 The pansporeblastic mem-
brane that encloses them s subpersistent, but remains intact longer
than the membrane in many other speecies of Amblyospora. Con-
orny spores, suspected of being free spores, were found mixed with
acluspores 1n the adipose tissue of a farva, Whether or not the con-
tnrnt spores are ree spores lvom another sporogonic sequence of this
speeies has yvet to be confirmed. We do not know if the octospores of
thiz species are enclosed by o mucous envelope sinee these spores
hitve not been chserved i dilute india ink.

Octuspores have o thick exospore. a somewhal thinner endospore,
and a polar Hament consisting of 11 coils tlig. 13Y the thick basal
portien of the polor Flament forms the first 5 cotls and the narrow
diztal portion forms G coils, The pansporeblasts containing a divid-
uyr sporent also contain a fow large, dense crystalliform particles
g T however, after sporulation these large particles become
~maller and much less dense. The pansporoblasts are also packed
with minute granules that (il the area between the dividing sporont
and the pansporoblastic membrane. These small granules diminish,
however, during sporulation.

The xuspected free spores are very similar in ultrastructure to
those of Amblyespora amphipodae, but are much smaller, and the
nolar fHament is much shorter, forming only 15 coils inside the
spore g, 15,

Nothing is known concerning the biology of this species or its
host-parasite relationship. According to the pathology ohserved, we
douibt i the hest would survive the tarval stage. The name callosa
means Thard skin,” veferring to the somewhat persistent pansporo-
blastic membrane.

Amblyvospora campbelli (Kellen and Wills, 1962) comb. n.

Theinharns vamphefle Kellen and Wills, 19624, o). Insect Pathol. 4: 51; Kellen et al.,
163, Inveriebr Pathol. 70 101 Werser, 1966, Nemaci hmveu, p. 460; Kelleo of al.,
Ha. ) Lvertebr, Pathol 8: 855,

Spore size.—Living octospores measure 6.01+0.05x4.13+0.04 pom;
preserved octospores measure 5.47+0.13x3.88x0.02 pm.

Host. —Culiseia incidens {Thomson), a mosguito, collected in
California, U.S.AL

Infection site, —Adipose tissue of larvae (Kellen et al. 19651,

We know nothing ol the ultrastructure of this species or of the
existence of free spores in adult {ei:ales; therefore, we tentatively
place it 1n this genus until it has been studied by electron micros-
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Al
PN a8

Froe e 12, -Heidenhmin's-hematoxylin-stained oewspores ol Amébfvespora callosa sp.
o 2,000,

'Y aahd

Fuir gt 13 Ultrnstrocture of AL radfose octospore. ~ 22,500,
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copy. According to Kellen et al. 119651 less than half of the progeny
larvae acquire patent infections, and they succumb during the
fourth stadium.

Amblyospora canadensis (Wills and Beaudoin, 1965)
comb. n.

Thelohume temiten cunadensis Wills and Beaudown, 1985, J. laveriebr, Pathol. T
1

Thelvhunta nvnree: Badey ot ol 1967, J. lavertebe, Pathol, 90 354, New
SVDONYInY

Thelohome nr opecite Anderson, 1988, J. {nvertebr, Pathol. 11: 451, New
SYDONV Y.

Thelohanta opacitor Fulton et al.. 1974, Mosq. News 34: 89, Now SYnoRymy.

Thelchanie so Chapman ot al., 1966, J. Invertobr. Pathol. 8 453: Chapman et al.,
IEY, Proe N Mosy. Exterm. Assoc. 54: 56; Chapiman ot al., 1969, Proc. N.J. Mosq.
Exterma Assoe. 56 205

Spore size.—Living octospores measure 4.35-7.0x3.5 pm (re-
ported heved, 5.42x0.09x4.1920.08 um (Wills and Beaudoin 1965,
6.36=0.03x4.64+20.03 pm (Chapman et al. 1966), 6.020.03x4.4
*0.03 rem tAnderson 1968); preserved octospores measure 5.48-4.99

N 4
Fai it 1 Devading sporont in A, cellose pansporoblast. x 12,000, MG, metabolic
granunles.
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Flovgr 15 -Ulteastructare of A, callose free spore. ~ 12,000,

~AES-4.92 pm (Bailey et all 18671, 5.320.08%4.220.09 pm tAnder-
son L9681,

Host. A edes canadensis (Theobald), a mosquito. collected in Con-
necticut, U5 AL tAnderson 1968); Louisiana, U.S.A. (Chapman et al,
19661 Massachusetis, LIS A, (reported herey; and Pennsylvania,
U840 (Wiils and Beaudoin 1985,

Infection site. —Adiposo tissue of larvae.

Nothung is known about the sporonts or {ree spores in adult
femaies. Octospores, fixed as wel smears with aqueous Bouin's fluid
ard stained with Heidenhain's hematoxylin, are usvally truncate
and somewhat invaginated at their posterior ends (fig. 161, The liv-
ing octospore is thinly covered by a mucous envelope that is difficult
to observe in dilute india ink.

The ultrastructure of the octospore is similar to that of other
species: however, the polar filament consists of 11 eceils, only 3
formed by the broader basal portion (fig. 171 The young pansporo-
blast containsg many small, loose granules as well as scatiered dense
clumps of granules tfig. 18).

Ali progeny male larvae become patently infected and die during
the last larval stadium (Chapman et al. 1966). We recognize it as a
spocies since Wills and Beaudoin 11965 proposed its unigueness by
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PN-4163
Fiskre 16, —Heidenhain's-hematoxylin-stained octospores of Ambfyospora
canadensis Wills and Beaudeint. x 2,000,

PN-467

Fisvre 17.—Ultrastructure of A. canadensis octospore. X 12,000.
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I'N 1168
Frsl ke L8, —Dividing sporent in A, exaadensis pansporoblast. - 7,500 MG,
metabolie granules.

making it a subspecies ol Amblvospora ininica (Kellen and Wills
1962y and because our studies of its ultrastructure support this
distinction.

Amblyospora gigantea (Kellen and Wills, 1962) comb. n.

Thelvdhanta grgantea Kollon and Wills, 19620, J. Insoct Pathol, +4: 46: Kellen et al.,
1965, 0 Tnvertehr Pathal 70 161; Weser, 1966, Nemoer hmyzu, p. 460; Khaliulin and
lvanav, 1871 Parasiolomya 5 98,

Spore size.—Living octospores measure 8.10=0.06x5.48x0.04 pum;
preserved nctospores measure 6.68x0.07x5,1820.20 pum.

Host.—Culex ervthrothorax Dyvar, a mosquito, collected in Califor-
nia, U.S.A.

[ntection site.—Qenocytes of male larvae (Kellen et al. 19651

Nothing is known of the sporogonic sequence in adult females or
of the ultrastructure of the octospores in males. Male larvae suc-
cumb to infection tKellen et al. 19651, We tentatively place this
specios in the genus Amblvospora, based on cbservations of sporonts
and spores in Giemsa-stained smears,
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Amblyospora inimica (Kellen and Wills, 1962) comb. n.

Thetohun crmca Kellen and Wil 19620 J fnseet Pachol 4 53, Wills and
Beandum o part | 1965, Tovertshe Pathol 7 1L Kellen ot al, 1965, J Invertebr,
Pathel 7 161 Wetwer, 1966, Nemuoe hims zu, p 460, Kellen ot al., 19660, J fnvertebr,
Vatlod S 3550 Clhapmae ot al _ 1866, J Inverichr Pathal o 152 Chaginan ot al |
PIGT Voo N Mosg Exterm Assae 34 56, Bades ot al, 1967, Tovertehr Pathol.
S Chopman et al 1969 Proc N Mosg Exterm Assue 36, 206

Foodasmpine <p Chapioan, 1M66 Ui Nev Budb T2 37, Ta o1 al . 1969, Musg
News bR

Spore sizes Living actospores measure 5,25 7.0-3.5-5.25 78331
Sreported heve, 373 - 0,08+ 3.92 - 0.04 gm (Kellen and Wills 196240,
GBSO - 0.02 pm tChapman et al. 19661 preserved octo-
~pores meistre dad - Ok < 41 0,05 g i Kellen and Wills 196240,

Hust. Celtsete tnornete «Willistont, a mosquito. collected in
Cahifornia, Florida, Lowsiana, Nevada. and Utah, US.A.

Inleetiun siwes - Adipose ussue of male and female larvae (Kellen
vlal [94E5

%

Spores fixed mwoagueous Bonn's Nuid and stained with Heiden-
honn™> hematoxyhin ave chavactersueally truneate, usually on both

ends e 1950 The extranuelear granules are casily observed in
quadrinuvleate and vetonucleate pansporoblasts prepared by the
~ann- histologteal method, Also. the living spore has a mucous cover-
mi that s somesvchat difficult w deteet in dilute india ink.

The sporonts secrete dense granules that clump, forming large
tetsses o scattered throughout the pansporoblast. These clumps of
stanubes beeome amaller and lose their continuity during sporula-
tion Tl polar fdament forms 10 coils {nside the spore. the first 5 of
wineh are made by the broad basal portion (fig. 205 The anterior
hatt of the polareplust contains many tghuy compressed pavallel
tumelke However, these lamellae become widely sepavated and di-
ceraent o n the posterior hall, ereating coll-like areas.

We have noomformation coneerning the transovarial stages in
adult females, According to Kellen et al. 119651, the patently in-
leeted farvae die i dhar Tast instar.

Simmers 1974 has reported Culisela inornata also as the host of
Parathelohant opuctta | - Amblyospore opacita (Kudol], based sole-
Ioon the =ize of stawned spores. We do not understand how he could
determine it tn be AL wpacde, however, sinee the spore size vange of
A rromrew s e that of AL opeeita, according to our measurements
fram hest specimens collected in Florida and Louisiana. Simmers
n=ted the mean size and standard erior of the mean for A, opocita
st spores as L90 - 0.0653.807.0.04 wm, which. according to
hini, was not sirmlicantly difierent from the spores he found in C.
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srarnute. Dur measurements show that the range of spore size,
excluding macrosperes, ol AL ivemree and A opaeita is 613 -
G IS~ 038 L e and 886 6.28 4 13 5.02 o, vespectively, and
that these ranges vvorlap in both the spore length and widih, 1o is
also nnportant to note that Kellen er al, 1196850 list the stz of AL
seprew spores takon from larvae in Calilornia as 8,48+ 0,04
b 002 g, while Chapman et al, (19660 list the size of the
speres of the same spectes found in Louisiana as 5.73+0.06x
A8 000 g, We have examined a slide 81U 00100 which
Soumers depostted in the Zoslogy Researeh Museum of Southern -
tnors Unnversity, and we conclude that the larva used o prepare
tis shicle had probably mgested spores Trom dhe remains of another
tlected larva, We came to this vonelusion becauase the stained
st centinned many more dintoms than spares and no meronts or
SPOrLHIES.

Amblyospora keenani sp. n,

Spere stees Laving oclospores measwre 4,19 04 7852 76-3.23 pm;
proserved aetospores measure 276 3,295 1.96-2.49 umy; preserved
macruspores measure 3,82 6.10~2.49 g

Host Avdeom iy squarnpenns sLyneh Arribidlzagad), a mosquito.

[nlection sie. Adipose tissue of Tarvae.

Tolotype, -Chagras River, Canal Zone, Mar. 6, 1973, USNM N,
20351 cAnthony, Harard, and Keenan.

Paratypes. USNM No. 2438582; World Health Organization Refer-
ence Center, Olio State University, Accession No. 1683 tAnthony,
Hazard, and Keenan

Adult females have not been examined: therefore, nothing is
hknown about transpvarial transmission of infection in this species.
Lving vetespores have no visible vacuole, and they are surrounded
by a thin mucous envelope, Heidenhaln's-hematoxylin-stained oc-
tospores are Lruncate only at their posterior ends (fig. 213 Macro-
spores are eccastonally observed but are few in number. Infected
larvae do not become characteristically creamy white throughout
the bodyi instead. the inlection is displaved in the cuticle as scat-
tered areas. giving the larvae a spotted appearance.

Sporonts secrete gmranules into the vacant areas inside the pan-
sporablastic membrane. Some of these become clumped and fuse
tugether to form seattered large crystalliform particles fig. 221
When the spores are fully formed, the large particles change consid-
erably n sie and structure, most becoming much smaller and
others disappearing. It appears that most of the granules in the
pansporoblasts are utilined in the formaiion of the thick exospore
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granules.
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g, 231 The polar filament of this species is unusual, as its broad
buasal portien s very long. lorming 6 of the 8 coils in the aeLospore
g, 24,

Patently infeeted larvae succumb, However, we do not know
whether or not both sexes of larvae are involved in these patent
ilectwns. Finding this spocies i A, squamipennis s very impor-
tint, as ths mosquite 15 also the host ol a Parathelohanio specivs.
This elearly demonstrates that the eriteria used to establish (he now
genera proposed here are stable morphological characters and not
structural changes gecurring in different host genera because of
brochemical differences among hest animals, We name Lhis specios
after Marvin Keenan, who gove much ol his time and cnergy to help
us survey large numbers of mosquitoes for mosquite pathogens dur-
ing three expeditions into the jungles, lakes, and rivers of the Canal
Zone and Panama.

Amblyospora khaliulini sp. 1.

FPuvantiaria opacitr vl oparrensts Whaliabim and Tvanos, 1971, Parasitologiva &,
L,

Prvisiiern ot opac sy Wotser an part, 147, Pr Movas ske Prir, Spal. 18 37 Werser
cHr parts 19GL Monogr Angew Entomal 170 112, Woser i parit 18963e, Bull
WALEE 20 120 Worser an parts, 1966, Nemoet hovau, p. 489 Weser, 1969, s atlus
sl st dhinedsts, po2Ld New B I TE RS SRR
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Faowe 23 Sporalating pansperablast of A, kecnes. ~ 20,000, ML micvotubules,
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o2 Ullgstiuetute wb A4 Avenge 2w foeprare » HETSE

e nar sp Naller, (950 Arelr Protsteghd 11 18T, Kedo, Betie, 1 Bl
Mone 923 s Weleh, 96000 Dnsest Pathuol 2357, Clognaan o ol 1974,
Moz News 0 1BD

Spore stze. Living octospores megsure 805 728542 08 pm
yRhahiehmn and bvanev 1870 5.8 8.7+ 3.4 5.3 i (Weleh 19601,
TADUIT 856 - T8 gon Chapman et all 1973,

Host Aedes commanis (DeGoeery |- Aedes nemoroses o Noller
P20 and Werser 1947 ] a mosquite, collocted i Manitoba, Canada;
Teechostoyakia: Geemanys Alaska and Massachusetts, U.8.AL and
Mar, VB8R

Infection stte - Hemoelyvimph and adipose Ossue of laevae.

Holotvpe,  Winter pool near South Deerficld, Muss, U8 AL May
L9722, USNM Noo 24383 Hall and Hazards

Paratvpes. USNM No, 24384 World Health Qeganization Reler
ence Ceater, hao State Uiversity, Aceession Noo 16865 «Hall and
[Mazards

Only the sporogonie sequence producing actospores is known in
this spegtes OQutospores fixed n agueous Bouin's Muid as wet smoears
and staned wuth Hedenbwn™s hematoxvhn are oflon troncete at
both ends, the postermor ends always being somewhat nvaginated
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ig. 255, Laving octospores were not examined for the presence ol a
mucous enveloppe.

The ultrastructure of the octospores of Lhis species (Nig, 261 15 very
sinular to that of AL caltforneca, the only difference being in the
numboer of cotls tormed by the broad basal portion of the polar fila-
went (3 in this spectes and Be o AL ealifornice. The sporonts con-
tarn large vacuolated agpregates of granules, most of which disap-
pear during sporulation.

Patendy inlocted larvae succumb during the lasc stadium: how-
ever, we do not know whether or not sporulation occurs in both sexes
of larvae, We name this specics aftor G, L. Khaliulin of the Soviel
Umen who, along with fvanov, atiempied 1o distinguish it from
vther species by making it o vaviewy of Thelohonic opacita.

Amblyospora lairdi (Weiser, 1965) comb. n.

Prelomanie daivdt Woener, 1965, Zool Aoe 175 232, Weaser, 1966, Nemoer hmyzu,
p b2 Bawdom, BHE Pronstolopiea 50 Wetser, 10688, Aa atlas of imsect disetses,
2

Spore sz, - Livieg octospores measure 4.0-4.5%3.0-4.0 pm
tWoiser 19653 6.0 -8.5~ 4.0 e «(Weiser 1966,

Host, -Paolyeentropus flavomuaculofus Pictet, a caddisfly. collected
in Crzechoslovakia,

Infection site, --Adipose tissue of larvae.

Welser 11965 makes no mention of @ sporogonic sequence in adult
females or of free spores. He deseribes the chromosomes in sporonts
producing oclospores as being prominent in stained preparations
and remarks that the octospores are broadly cgg-shaped, with a
pronunent lens-shaped vacuole. He also reports that these spores are
surrounded by a mucous envelope tgelatinous capsule of Weiser.

No studies have been made of the ultrastructure of this species,
but Weiser's illustrations of sporonts and spores and his detailed ac-
count are sufficient to place 1t in this genus.

Amblyospora minuta (Kudo, 1924} comb. n.

Tivlohgee »uniete Kudo, 1924¢ [ Biol, Monoge. 92 3y 183 Kude. 19288, Zen-
traltd Baktersl Pacasitonkd. Inlfektionskr. Hyg, AbL 1 Oimg 86; 487, Weser, 1947,
Pro Moravske Priv Spol 150 37, Thomsen, 1980, J. fnsect Pathol. 2; 359 Woeiser.
AL Menogy Angew Entomol 17 1L Weiser, 1966, Nemoct hmvzn, p. 452 Fulton
wtab, 1974, Mosg News 34, sb

Phefohan rotenda Kudo, 1924e, 111 Biol, Monogr, 92 3r 162 Kudo, 1825s, Zen-
wralbl Bakierel Parpsitenkd Tafoktanske. Hyg, Abt L Onig. 86 438; Woeiser, 1947,
Pr Moravske Priv Spol. 18: 36; Thomsnn, 1960, J. fusect Pathol. 2: 361 Weiser, 1961,
Monogr Angew  Fatomol. 17 111 Weiser, 196868, Nemoei hmyzu, p. 452, New
svnonvmy
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Fowr e 24 Hewdenhatos-hematexvhin-stamed octospores of Smnddyasprra kliefodon
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Fror gt 26 - Ultrasiructure of A, dhabiedin octospore. 16,000




34 TECHNICAL BULLETIN 1330, 8 DEPT OF AGRICULTURE

Thefohanme sp. Chapman o ab, 1967, Prov Nl Mesy, Exterm. Assue, B 56,
Chaparan et ad L 1869, Prov N.d. Mosg  Exterm. Assee. 58: 205

Spore size.—Preserved oval octospores measure 2.5-3.5x1.6-2.0
pmoiRude 1924ey preserved subspherical octospores measure 2.5-
3.0 2.3-2.7 wm tKudo 192407; living lree spores average 4.6242.37
win treported heres.

Host, - Culex erratices «Dyar and Knabt «=Culex feprincel of
Kudor, a mosquite, collected in Florida treported here), Georgia
tKudo 19240, and Louisiana tChapman et al, 1967 and 19693,
LS AL

infection site.—COctospores develop in the adipose tissue of larvae.

Oval vetospores stained with Heidenhain's hematoxylin in [lixed
wit smears ave equally trunecate at both ends thg. 271 These octo-
spores have not been examined for the presence or absence of mue-
ous envelopes. We have seen a {ew oblong spores in adult females,
which we believe to be {ree spores.

The spuronts secrete large granules ol uniform size, some ag-
eregating o lorm o lew larger particles tfig. 281, These mostly dis-
appear alter the spores are fully developed. The octospore has a
short polar filament consisting of only 4 coils, 2}2 of which are

@
™

[

®

PN 3476
Fiany 47 - Hedenhun's-homawxylin-stained octospores of Ambiyospora minuta
tKado). x 2,000.
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Foooke 25 Sporoblasts im A eoeste pansporeblast, ~ WGS00. MG, metabolic
prantdes, PAL pansporablastic mendwrane

BN TN
Froone M Ulirastoweliaes of 4 mrnnte ocwspore. x 30,000,




A6 TECHNR AL BULLETIN 1530 8 DUEPT. OF AGRICULTURE

trmedd by the broad basal portion thie 28, The wltrastrueiure of
sabsphorieal octospores could not be resolved sinee all of thoese
spotes appeared to be aberrant. Nothing i< known of the ultrastrue-
bure ol sporonts or ree spores 10 adult femaies,

This merosporidium eseally pradoees benign infoctions in larvae
when only isolated fat lobes are mavaded by the parasite, However,
~some larvae probably succumb 1o disvase when the infeetion is move
extemsine This species 2 unusual because it has abervant subspher-
it ocvtospores as well as normal oval octospores. Kude (1924¢ and
2300 believed these two vpes of spores represented two distinet
spevtes, however, we cammonly lind oval and subspherical spores
trined together i the same pansporeblasis,

: . - r PR T e &
Amblyospora MojIngensis sp. mn.

Spore si2e0 Preserved octospores measure 2.6-3.5%2.4-2.6 um;
proserved macrosperes measure 3.7 -4.542.8-3.3 um.

Host Awnaphieies erseni Cogutlleil, o mosquito,

Faleetion site. - Adipose Ussue of larvae.

Flelotype. Mojinga Swamp, Canal Zone. June 14, 1973, USNM
Mo 248858 cAothony and Hazards,

Paratvpes. - U'SNM No, 24386; World Health Organization Refer-

PN 1470
e itk 300 - Hedenhain's-hematoxylin-stained octospores of Amblvospora
nUIRFORSIS sp. 0.« 2,000,
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ence Center, Ohio State University, Accession No. 16857 (Anthony
and Hazard),

Only the sporogonic sequence producing octospores is known. Oc-
tospores fixed in aguesus Bouin's {Tuid and stained with Heiden-
hain's hematoxylin ave truncate only at the posterior end, appearing
more invaginated that truncate (fig. 301. Macrospores, however,
stained in the same way often appear truncate at both ends, with a
less obviously invaginated posterior end. The octospores were not
examined in dilute india ink lor the presence or absence of & mucous
envelope.

Octospores have a thick, rugose exospore, a polar filament with a
broad basal portion abruptly constricting beyond its middie to form
a short narrvow distal portion, and a prominent lamellated polarplast
tfig. 310 The polar lilament is unusual in that it forms 7 coils inside
the spore, 4 of them by the broad basal portion.

This species is important since it is a parasite ol Anopheles, a
genus previously known only as a host of Parathelohania. 1t is
named alter the Mojinga Swamp near the eastern ceast of the Canal
Zone. where the infected host larva was collected,

PN 1480
tistre 3L —Ultrastructure of A, mafingensis octespore. x 22.800.
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Amblyospora noxia (Kellen and Wills, 1962) comb. n.

Thelohona novie Kellen and Wills, 1962a, J. losect Poihol. 4: 49; Kellen et al.,
1963, J. Invertebr. Pathol. 7: 161; Weiser, 1966, Nemoci hmyzu, p. 460.

Spore size.—Living octospores measure 6.58+0.07x4.47+0.04 pm;
presevved octospores measure 5.34=0.02x4.040.01 um.

Host.—Culex thriambus Dvar, a mosquite, collected in California,
U.8.A.

[nfection site.—Oenoceytes and adipose tissue of male and female
larvae (Kellen et al, 1968),

No studies have been made of the ultrastructure, and nothing has
been reported on a second sporogonic sequence in adult females.
This microsporidium is transmitted via the egg to about one-half of
its larval progeny. Both males and females acquire patent infections
and succumb during the fourth larval instar. Because we have seen
Giemsa-stained smeavs of sporonts and spores which appear typical
of Ambivospora. we tentatively place the species in this genus.

Amblyospora opacita (Kudo, 1922) comb. n.

Thelohanio opacita Kudo, 1922, J, Parasitol. & 75: Kudo, 1824b, J. Parasitol. 11;
84 Kudo, 1921, N, Biol, Monogr. 9 (2-3% 158; Weiser (in part, 1947, Pr. Moravské
Piir. Spol. 18: 37: Polsson. 1953, in Trait? de zoologie {P. P. Grasse, ed.), p. 1063;
Kellen and Lipa, 1960, J, Insect Pathol. 2: 7; Thomson. 1960, J. Insect Pathal. 2: 360;
Weiser vin parg), 1961, Monogr. Angew. Entomol. 17: 112; Weiser (in part), 1966,
Nemoer hmazu, p, 489 Chapiman et al., 1966, J, Invertebr. Pathol. 8: 453; Anderson,
19658, J tovertebr. Pathol. 11: 442; Kude, 1971, Protozaology, p. 816: Khaliulin and
lvanov. 1971, Parazitologiya 5; 99.

Purathelvhon opavita; Simers, 1974, Trans, UL State Acad. Sei. 67 L7; Stm-
mers, 1974¢, J. Parasicol. 60: 721,

Thefohanie opocttnr Fulton et al., 1274, Mosg. News 34: 89, New synonymy,

Thelohonia sp. Chapman et al., 1967, Proc. N.J. Mosq. Exterm. Assoc. 54: 56;
Chapmian et al., 1969, Proe. N.J. Mosq. Exterm. Assoc. 36: 205.

Spere size.—Living octespores measure 5.5-6.0%3.5-4.0 um and
macrospores measure 8.0-8.6x4.5-5.6 um (Kudo 1922); living octo-
spores measure 5.83x0.09x4.1920.03 um (Chapman et al. 1966),
5.9%0.03%4d.1:+0.03 um (Anderson 1968).

Host.—Culex territans Walker (=Culex testeceus of Kudo), a mos-
quito, collected in Connecticut, Florida, Georgia, Louisiana, and
New York, U.S.A.

Infection site.—Adipose tissue of larvae.

We have not seen the tran svarial stages or the (ree spores in
adult lewales. The living octospore is oval, having the posterior end
more broadly vounded than the anterior end (fig. 32), and has a
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PN-1a31
Fiovee 32.—Fresh octospores of Amblyospora opacita (Kudo). x 2,000.

thick mucous envelope. Octospores fixed in aqueous Bouin’s fluid as
wet smears and stained with Heidenhain’s hematoxylin are truncate
at their posterior ends, which are also somewhat invaginated (fig.
331 [n these [(ixed and stained preparations the granules in the
pansporoblasts ave deeply colored by the stain, and the chromosomes
are readily visible in the dividing sporonts (fig. 34).

The octospores differ from those of other species in having 8
coils of the polar filament, 3% of which are formed by the broad
basal portion (fig. 35). The pansporoblasts contain large clumps of
dense granules (fig. 36). Most of these granules diminish during
sporulation,

About one-half of male and female progeny are infected, and they
succumb to infection during the last larval instar (Chapman et al.
196861,

Weiser (1966) veported Aedes annulipes (Meigen), A. sticticus
(Meigen), A. vexans (Meigen), and Culiseta annulate (Schrank) as
hosts of A, epacita. And Tour et-al. (1971} reported the larvae of
Aedes caspius (Pallas) and A. detritus (Haliday) as additional hosts
of Amblyvospora opacita. Weiser and Tour et al. obviously listed
these additional hosts because diagnostic differences in octospores in
host larvae are difficult, il not nearly impossible, to resolve under
the light microscope. We believe the microsporidia in these hosts
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LRy}
Finine 33 -Hedenhin's-hematoxylin-stained sporonts and oclospores ol A. upaeita,

N 2,000,

PN 33
FroiRE 34 ~Herdenhains-hematoxylin-stained sporents of A. opacile. showing
chromosomes and nuclear division. = 2,000,
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represent new species of Awblyospora. and we are therefore reluc-
tant to list them as hosts of A, opecite until the ultrastructure of
these lorms has been studied.

o his original deseripuion of A opacila, Kudo (1922) reported ils
host as Culex aprealis. 2 mosquito restricted to the Southwestern
United States. Kudo wocluded an itlustration of the host larvae in
the arginal description that 1s morphologieally similar to Culex for-
refans Walker, which 15 a common mosquito in the eastern half of
Hie United States. Later, Kudo (1924ct reforred Lo the host as Crlox
festaeens, an invahd mosguite name.

Stners 197 Hsts Crldex prpeens peprens Linnacus and Culiscta
tnoraata (Wilhiston: as additional hosts of A, opucita, We have al-
ready diseussed the auerosportdium in the latwer host under A, inim-
e Wedo not st Calew pynens pipiens as o host of 4 opacita until
better evadenes of nuerosporidian infectiviey is oblained by electron
nueroseapy sivdies,

Amblvospora trichostegiae (Baudoin, 1969) comb. n.

eotvmpne o Gnategane Baelon, B89 Peatistoforica 5 104
oeeimens b ey B i poat L PSS Protistoligiea 5, b1 New VRGN,

Spare size (etospore measurements were not given by Baudoin:
sprres suspeeted of beoag free spores mensure 8.5x 0.0 wm.

MHast Prachostegia minor Curtis), n caddizfly. colloeted in
IFuaner

rvction ~ite. Adipose tissue of larvae.

Buatdom 1868 gives no specilie information about the oval octo-
~pores lownd 1 T omenor sinee he assumed they were the same
speetes as A hieasfex ain Phrvganea grandis, The coniform spove. de-
~ertbed by Baudomn as Thelohania trichostogiae, is in our opinion the
boe spore of the developmental sequence in femates since in form
and strueture s similar to the froe spores of A, emphipodae and A.
vaflosa Bundmn does not give deseriprions of the sporonts that pro-
theer the contform spores. nor doer he mention if they are bound in
araups of enrhit 1 o pansporoblastic membeane,

Baudein’s electron photomicrographs of coniform spoves show ul-
rastruerures similar 1o those of AL ampinpodae and AL eafiose. The
~pore appears o he binucleate, has a thing smooth exospore, a large
Lumnelated palaraplast. and a long polar Glament tabout 20 coilsi of
vaform diameter

This nuervspordiim needs 1o be reoxamined belore its taxonomic
placement s eertann However, we tentatively place it in Ambiyo-
soora siee the smadler spores pictured by Baudoin are similar in
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appearance W the octespores of Ambivospora and since the larger
spores are ultrastructurally similar o what we believe are [vee
spores 1 A, callose.

Amblyospora unica (Kellen and Wills, 1962) comb. n.

Povtohaea wnrwead Kellen and Will-, 19620 0 Lasect Pachol, 408 Kellen eu al .
1963 o1 Invertehr Pade] 718 Weser, 19686, Nomoer hawveu, po 60,

Spore size. - Living octospores measure 8,83+ 0, 12%4.97+0.08 pm:
preserved vetospores measure 5.63- 0,07~ 4422 0.06 pm.

Host - Aedes mefunomon Dyvar, a mosquite, collected in Califor-
na, U8

Infection site. -~Ovnoeyies and adipose ussue of male and female
larvae (Kellen et al. 1965y,

Naotlung is known concerning the stages in adult females or the
ubltrastruenire of the sporants and octospores in larvae, About one-
Lalt' of the progeny larvae acyuire patont inlections and suceumb
during their last stadium. We have seen Giemsa-stained smears of
thi< spoeies, but sinee 1t 1= ditficult w determine spore structure in
suvch proprations, woe lentatively place it here until additional in-
formatien concerning 1ts ultrastructure becomes available.

Other Hosts of Undescribed Amblyospora Species

Awdes abserratus Felt and Young!
Thelohania nr. apactta Anderson, 1968
Acdes annalipes »Meigem
Thelohania opaciiu: Wetser 18961, 1963c¢, 1966
Avddes cantator Coquilieru
Thelohwnig nr. opacita Anderson. 1968: Chapman et al., 1973
Avcdes casprus Pallas
Thelohanie opacite: Tour et al,, 1971
Aedex cataph vila Dyvar
Thelohan sp. Kellen et al., 1965 Chapman ot al., 1973
Aedes cinerews CMleigen?
Theloharg ne. opaerta Andevson, 1968
Thelohania sp. Chapman, 1966
Aedes defertus Hahda
Thelohunta opacrta: Tour et al,l 1971
Avdres dorsalis Netgend
Thelvhanra sp. Kellen et al., 1965; Chapman, 1966: Tsai ot al.,
1uGY
Aredes exerueians S Walkem
Thelhania e opacita Anderson, 1968
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Thelokana sp. Chapman ot at., 1873
Avdes frtchi sFelt and Youny
Thelohanie sp. Chapman ot all, 1873
Aedes grossbecks Dvar and Knab
Thelofiunte sp. Chapman of al |, 1866; Chapman ot al., 1967
Avdes feandantus Dvar
Thelolame sp, Kellen or all, 19685; Chapan ot al., 1973
Aedvs tnerepitns Dvar
Phedahania sp. Wetlen ot al., 1965
Avedvs putlatus «Coquilber
Thelohan sp Chapman et al, 1973
Aedes punetor (Kb
Thelofing sp. Chapman ot al, 1873
Avdes repartes Dvar and Knab
Phelohanma sp. Chapman ot al., 1973
Avdes sollicitans v Walker
Phelohane spo Kellen et all, 19664, Chapman ot al., 1966; Chap-
nuin et al, 1867 Chapmuan ot al., 1969
Avdves strefrens - Melgom
Phetoliana opuctte: Weisor 1963c, 1966
Thelohania sp, Chapman ot al., 1866; Chapman ot al.. 1967;
Chapman et al,, 1969
Avddey stemuluns <Walker
Phefolama oy opaette Anderson, 1968
Thelohuna sp. Franz and Hagmann, 1962
Acdes taesriorh yvnehes CWiedemanm
Finddolania sp. Kellen et al., 1986a; Chapman ot al.. 1966 Chap-
sran ot ok, 18987, Chapman ol al., 1969
Aedes ventrocitis Dvar
Thelohania sp. Kellen ot al., 1965
Acdos cexans Odetgen
Thelohanw opacita: Woiser 1961, 1963¢, 1966
Coquilietiidia perturbans «Walken | = Mansonia perturbans |
Stempelita sp. Chapman et al., 1967
Culex unnudirosies Skuse
Thelohaniwe opacita; Loird, 1956
Crdex pecector Dyar and Knab
Thelohania sp. Chapman ot al,, 1969
{ulex peus Speiser
Thelohama sp, Kellen et al., 1985
Culex sulinueries Coquillett
Thelohania sp. Kellen et al., 1966a; Chapman ot al., 1966; Chap-
wan oL ab, 1967 Chapman et al., 1969
Cedrseta annudata (Schrankd
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Thelohanw opaetta: Weiser 1961, 1983¢, 1966
Thelohama sp. Bresslau and Buschkiel, 1919
Culiseta pnpafeens (Walker
Thelohama sp. Tsai et al., 1969
Culiseta particeps tAdams
Thelohanwe sp. Kellen et al., 1965
MHansonna dyare Belkin, Heinemann and Page
Awmbivospora sp. Hazard and Oldacre, hoce loco
Munsonia leberr Boreham
Amblvospora sp. Hazaed and Oldacre, hoe loco
FPsorophora columbiae 1Dyvar and Kaaly
Thelohanie sp. Chapmaa ot all, 1966 Chapman et al., 1967
Chapman et al, 1868

CHAPMANIUM gen. n.

Adult female hosts have not been examined. so we do not know if
the species of this genus have sporonts producing [ree spores and
developmental stages transmitting iafection to progeny via the
UVATIES,

The pansporoblasis are fusiform. and each contains small
pyriform octospores titg, 37, The sporonts divide by budding tfig.

P Vish
Frai ge AT Fresh pansporoblasts of Clapmentun etraitus spon. < 2000
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N =7
Fiot e 35 Ultrasteucturs of C cerrgtns uetospore. « 30,750 TF, threadlike
fillamenis

A% The pansporoblastic membrane is persistent, so much so that it
15 ditfieult to free the spores (rom i even long alter the panspuoro-
blasts have been removed (rom the host tissue. The oclospores have
a polar fdament comsisting of a broad basal portion abruptiy con-
stricting near the middle to lorm a narcow distal portion, and a
lameilated polaroplast (g, 381,

Little 15 known about the host-parasite relationships ol these
spectes. only that they couse death of their hosts, The genus is
named 1 honor of Havold O Chapman, who has contributed much
(e our knowledge of Microsporida. The type spocies is C. cirritus.

Chapmanium cirritus sp. n.

FEefabane ~p Chapman ot all W69 Proe N Mosy, Exterm Assor 562 204

Spore size. - Living octospores measure 2.92- 3.80~1.33- 191 g,

Host.  Corethrella brakele ve 1Coguillet, a phantem midge.

laleetion swe. -Adipose tissue of larvac.

Hololype - Near Lake Charies, La., UJS. AL Feh, 22, 1974, USNM
Na. 23RT Chapman and Glennt,

Paratype. - USNM No.o 24388 (Chapman and Glenm,
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(TR
Foowe 3% Divading sporone o O cermtes pansporablast ~ 75000 MG, inetabolie
sranufes

The pansporeblastic membrane s persistent, 2o much so that it is
ifficult to free the spores from it even when much pressure is
apphed to the glass coverslip i fresh smear preparations, The
panspereblast is fusiform, somewhat resombling a pod (g, 371,

The vetospore as a thin exospore, a polar filament that abruptiy
vonstricts near s middle to form B coils inside the spore 'z coils
formud by the broad basal portiony, and o lamellated polaroplast tig.
A8t The sporont of the pansporablast divides by endogenous budding
Vi 39 The fusiform pansporoblast contains many dense {ilaments
that attach both o the surface of the spores and o the inner surface
of the pansporeblastic wembrane g, 0L The latter attachment
probably explains why the spores are extrenmely difficult to free from
the pansporohlast

The Lann name cerrtfes means “having many threads™ and vefors
to the numernus Mlaments in the pansporoblast.

Chapmanium macrocystis (Gurley, 1893) comb. n.

Pevesrarar s wvsfza Gurlev 882, Bull U5 Fish Comm for §880, 11 0100
Garies In8h Rep U2 Fish Come 26 196, Thelehan, 15895, Budl Sa Fr Belg 26
A Lablee IS8 Sporezaa. oo Das Tiervewel o0 Buesehb, ed o, o 1120 ASuerbach.,
L Po Unidospondien. po 139G Kudo, 18240, BT Biod Muonege 32 30 1360 Woerser,
Pl B Aocasshe Prie Spol 18 s, Spoagie, 186G D Prateraol 120 GG, Sprapue,
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1970, A Pish See Spee Pulit 3185, Sprague and Coueh, 1897100 Protozoal. L8
i
Sarepsporil Garbow, 4L Rend B Acead. Lineet 7 LAl 182, and Ngs.
Savcosporulae Flenneguy and Thelehan, 18 C R Sae Hiol 4 586

Spory size. - Measurements not given by Gurley

Host, -Palaeranetes caraens theachi, o shreimp, celleeted from the
Minei near Verong, ltaly,

Ialeciion site. -Musculature.

The pansporoblasts ave elongate and fusiform. Gurley veports the
spores as having swriated vuter surfaces.

This speetes has not been studied sinee it was originally described
by Lurley: therelore, nothing is known concerning its ultrastrue-
ture. Kudo 119240 considered 1L a questionable species, and sinee
Curley's deseviption is incomplete, we tentatively place it here be-
cause of the characteristic fusiform shape of the pansporoblast,

Chapmanium nepae (Lipa. 1966) comb. n.

Cietomged tepae Lapa, 1HGE D Invertobe: Pathol & 163
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PN Lt
Fuat ke HU Sporoblasts o O corritps pansporablnst, « 6.750. T, threadlike
Gluments
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Spore size. —Proserved ogetaospores measure 2.0 30 14 18 wm,
Host.--Nepa erneree Linnacus, a hemipteran, colleeted in Poland.
Infechion site. ~Adipose Lissue of the adult inscel.

We tentatively place this species in the genus Chopmanizm be-
e 1t has fustlorm panspovoblasts. pending information concern-
g ils ultrasiructure. Wetser 119600 deseribed another specios,
Thelohania veltae, from an aquatic hemiptorun, Vel currens Fab-
rrenas, the authorship of which he erediied te Poisson (1928, The
date i incorreet, since he gave the name to a part of the sporogony
ol Nosema velive, which was desceribed by Poisson in 1929, There-
fore. we consider the name Thefohanie celrae Weiser, 1961, 1o be a
svnonvm of Nosera vefiae Polsson, 1929,

CRYPTOSPORINA gen. n.

Female hosts have not been examined; therefore. we do not know
whether or pot these nderosporidia have a secend sporogonic se-
yueace resulting in transevarial infectiun ol progeny and free
Rpares.

The pansporoblasts acve vval and contain small, pyrilform oclo-
spores g, 1L These pansporoblasis also contain many dark,
amber-colored. ervstallilorm particles that obscure the spores from

PX 4180
Fue e 41 Fresh oetospoves of Crvptosporue brachyfila sp. n. < 2,000
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view in fresh preparations. Because ol this, the pansperoblasts
<uperlicially resemble the sporangla of certain fungi. Once the
pansperobiasts dry, they lose their color and refractiveness, making
the spores visible, The pansporoblastic membrane is very persistent,
remaining intact after the pansporoblaxts have been removed {rom
the hody of the host. The octospore has a short polar flament of
unilorm duimeter and a gronulae, structured polaroplast consisting
of only a tew lamellae near the polar cap thig, 431 The spores have a
somuewhat wrinkled vuter surface, the vacuole is not visible in fresh
spores, and the spores do not have a mucous eavelope,

Lutle s known concernimg host-parsite relationships, but from
the extont of the pathelogy observed in the hosts, we assame that
thoese parasites ovenlualiy cause death, The name Cryplosporine
means “hidden small spores”” The type species, by monotypy, is C
hrachiviila.

Cr_yptosporina brachyfila sp. n.

Spare size. Bow's-lixed octospores average LESx0.71 pm. with
G4 o=tze range al LR 800083 (R0 pm,

Hiost Prong sp.a witer mite,

Intectin site, Adipose Lissue.

Holobvpe,  West swamp i the Pavae’s Praivie on State Road 121
e Hlamesville, Flas US AL Aprib 19720 USNM No. 24389
ederer and Hazardo

Marvatvpe. USNAM Noo 24390 (Federiel and Hazard),

The setespores are not visible through the pansperoblastic mem-
Lo wntd they hae e been dried or lixed and stained, and then the
~pores are ol eewddy vistble thg, 4, Both fresh and fixed spores
are pyriform, and they are not covered by o mueous eovelope No
earby sporotonie stages were observed as most of these stages haa
enmplotid sporulation at the time the host was examined.

In clectean photonucrogruphs the panspoeroblastic membrane is
seen o enelose eight uninuceleate thin-walled spores and large crys-
tabliform parteles ol 41 the latter rondering the octonucleate
spotants dense and opaguae. The outer surface of the spore wall is
thito~e The polar filament is short, making no more than 3 coils in
the posterar end of the spore, and is of uniform diameter throughout
i~ leneth i 0 The polareplast 1= mastly granular in structure
caeept pear Lhee pofar caps whoerve it s lamellated.

Oniyv setospores have been ohserved. Females, possibly carry-
e the mlection via the ovaries, were not examined. The species
e hreae vty means Tshort thread,” referred to Lthe short polar
trigmnent
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PN A8
Fiot gF 42 Panspovoblasts of € brochyfife containing large ervstadliform particles
and velospores. ~ 7,500,

AR L,

¥y s
b !

BX sz
Faw ®e 13 Ultrastrueture of O Brachvfila oetospore. x 39.000,
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HYALINOCYSTA gen. n.

We do not know whether or not these species are dimorphic since
we have not examined adult female hosts for a second sporogonic
sequence possibly producing {ree spores in adult females and infec-
tivns in their progeny via the ovaries.

The pansporoblasts are oval and contain pyriform octospores (fig.
1) The pansporoblastic membrane is thickened and somewhat per-
sistent, holding the octospores together for a short time after the
pansporoblasts have been vemoved from the bedy of the host. The
pansporoblasts containing mature spores are completely void of
crystalitform particles, granules, and microtubules; therefore, the
oelospores lie on a clear background making them sharply visible in
both Iresh and stained smears ((igs. 45 and 46). Fresh spoves are
thinly covered by a mucous cnvelope difficult to resolve in dilute
mdin ink. The poelar filament has a broad basal portion abruptly
constricting near its middle to form a narvow distal portion, and the
wall of the spore is smooth and without surface structure (fig. 4T

These microspovidia are known only from mosquitoes and cause
death of their larval hosts. The name Hyalinocysia means “clear
bag,” referring to the granular and microtubule-free pansporoblasts,
The type is H. chapmani by monotypy.

Hyalinocysta chapmani sp. n.

Spure size.—Preserved octospores measure 4.34-4.76x2.38-2.80
wm, the average being 4.41x2.62 pum.

Host.—Culdiseta melanura Coquillett, 2 mosquito.

Holotype.~—Near Kinder, La.. U.S.A., Dec. 27, 1971, USNM No.
24391 (Chapmany,

Paratypes. —USNM No. 24392: World Health Organization
Refevence Center, Ohio State University, Accession No. 1867
tChapmani,

Living and preserved octospores are pyriform (fig. 44), have a
large prominent vacuole. and are covered by a mucous envelope.
Pansporoblasts containing mature octospores are void of granules,
tubwles. or crystalliform particles, providing for easy ohservation of
spoves in both [resh and preserved preparations (lig 45). Some
granules can be seen, however, in stained preparations of pansporo-
hlasts containing young sporonts.

Pansporoblasts, especially those containing mature spores, are
void of metabolic products (fig. 46). The polar filament of octospores
consists of 7 or 8 coils, 3'2.being formeqd by the much narrower distal
portion tlig. 47). Both the endospore and exospore are thin, the latter
having a velatively smooth outer surface in mature spores. The
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PN405
Fioire bt -—Fresh actospores of Hyalinoeysta chapmeni sp. n. ¥ 1,100,

PN 484
Figtns 435, —Heidenhuins-hematoxylin-stained octospores of H, chepman:. x 2,000
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im0 Pansporablast of H shapmgne Free of motabolic products. « 12.000.
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Ultrastructsws ol £ chamongnr sotaspore 32750,
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polaroplast 12 composed of tightly compressed lamellae in the an-
terior half and widely separated lamellae forming cell-like areas in
the posterior haltf,

This species 1s named in henor of Harold C. Chapman. who found
i in Lowisiana. We have seen one other species which, when de-
sertbed, wall be placed in this genus.

INODOSPORUS Overstreet and Weidner, 1974
Inechusporps Uverstrvol and Werdner, 1974, 4 Parasaenkd 40 171

These wicrosporidia are known to have only one sporogonic se-
wuence tny thetr hosts, producing oetospores.

The pansporeblasts are oval and contain pyriform octospores, The
pansporoblastic membrane 18 very persistent, remaining intact
around the spores long alter they have been removed from the body
of the host. The actospores have (our or five lonyg appendages, have
an otherwise thin exposure. a polar Glament of nearly uniform
chamoter, and o distinet lamellated polaroplast,

Although we have not scen species of this genus and know noth-
tng of ther host-parasite relationships. we ave fed to beliove they
catse death of therr hosts, The type species s 1o spraguer Overstreot
amd Wewdner, 189740, by ortginal designation.

Inodosporus octosporus (Henneguy, 1892)
Overstreet and Weidner, 1974

Paioitgrrg vwtonporg Henoegay, rr Hennepoy and Thelehan, 1882h, Ann. Microgre.
a3 Honoeguy, oo Thelohan, 18892, Bull Soe Philontath Parss 4 170 Guelex, 188G,
Bul! 178 Fish Camny tor 18810 11 300, Gurles, 1580 Kep U758 Pish. Coman, 260 197,
Thelshan 15035, Bull Ser Fr Belp, 26, 361, Pleitler. 1895, The Prowsoen als Krank-
hertseerezor, ¢ 72 Logor amd Hagenmutler, 1597, 0 R Asspe Fro Av. Seil 260 H3
Labbe, 1594, Sparsgoa, tr Das Twereerch o0 Buwsehbi edo, po FL2 Stempel], 1904,
Aveh Protistoakd 16 310; Pasell-Goodriel, 1920, Avch. Zool. Exp. Gon, Nuates Rev
SHO1T 1 Rude, B3e L Hiol Manoge 82 3e 130 Wewser, 1817, Pro Morpeske
Ml Spel 15 270 Parmson, W33 00 Traste de soolome (P P Grasse, edo, pe 106G
Sprague, 1968300 Pretsond 12 66 Codeennu, 1I8E, Froe. Int, Conge. Parasitol., 1st,
16 BUZ, Sprague, 1970, Am Fi=h Sac. Spee Publb 50 424, Spragee and Coucly,
7L J Profoswd IS 330

Dodostorgs actospirrg o llennegoy., 1892 Dverstreet and Weidner, 1974, 7,
Pauisitenbd 110174

Spore size. ~UOetospores measure 2 3 pm (FHenneguy and Thélo-
han 1892b1 3 pm (Gurley 1890 2.8~ 1,9 pam 1Codreanu 19661,

Host. -Pafuemon adsperses Rothke 1 =Palacmon rectivastris Zaod-
dachy and P servgtus (Pennant, a shrimp, collected in France and
England 1Henneguy and Thelohan t892h: Gurley 18845 and Pixell-
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rwodrich 19201 and Palaeinoen elegans Rathke, a shrimp, collected
from the Black Sea in Romania tCodresou 19661
Enfection site. —Musculature,

Nothing s known of the ulwastructure of this spoeeies. Pixell-
Gioodrich 119203, examining vctospores from Palacmon serratus, dis-
covered that the spores have three posterior tails, Codreanu (19686)
veported the same number of tuils on the spores aken from another
host species, Palacrmon elegans, We wonder how many acieular ap-
pendages are on spores of the microsporidium {rom P. adspersus and.
mare importanddy. how much difference there may be in the ultra-
structure of the spores from these chree forms since Qverstreet and
Weidner ¢ 1870 place taxonomic importance on the number and ar-
rangement of appendages.

Inodosporus spraguei Overstreet and Weidner, 1974

Inendosporns spraguer Oversttect and Wordner, 19740, 7. Pargsitonkd. 44: 171,

Spore stze.—Living octospores measure 2.0-3.7x1.7-2.5 um and
average 29N2.0 pm.

Host.—Palacmonetes pugio Holthius, the grass shrimp, collected
in Mississippt, U8 A and P. kadiakensis Rathbun, collected in
Texas, U.S.A,

Infection site, —Abdominal musculature.

Electron photomierographs (Overstreet and Weidner 1974) show
the spores as having a thin and externally smooth exospore (except
in the areas where the appendages are formed) and a polar {ilament
of nearly uniform thickness from base to apex. The appendages,
three at the posterior end and one. usuatly branched, at the anterior
end. are extensions of the exvspore,

PARATHELOHANIA Codreanu, 1966

Pargthelohana Codreano, 1968, Proo, int. Congr. Parasitol., 1st. 1964: 602,

These microsporidia have two developmental sequences in their
hasts. One sporogonic sequence, producing octospores, is found in
one-half of larval progeny and produces patent infections only in
male larvae or in both male and {emale larvae, depending on the
species. The other sporogonic sequence, producing free spores, is
found in female larvae not having patent infections of the first sequ-
enee. ln this sequence the sporents form plasmodia (having 8 to 40
nuclet! in oenocytes that sporulate in adult females to form spores
not enclosed in a pansperoblastic membrane, This sequence produces
infections in the progeoy of these females via the ovaries.
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The Iresh octospore of many species has a charaeteristie internal
botric-shaped stractuwre when viewed through the phase-contrast
micrvscope s, 1,89, and 631, Also, the frosh uetospore s not cov-
eredd by a mucous envelope, ner does the fresh or preserved spore
usuatly i e a visible vacuole, Ovtospores fixed 1o aqueous Bouin's
Muid and stained with Heideohain's bematoxshin have constricted
posterior vnds Uigs, 48, 52, 48, 64, and 681 This constriction, as well
as the deeply vidged surlace structure, can be diseerned i scanning
electren photumicrographs ifigs. 19, 83, and 661 The octospore has a
thick exospore, a polar filament usually abruptly constricting near
the nuddle w form a thin distal portion, and o praminent lamellated
polaroplast (fig, 500

The pansporoblasts are ovval and contain oval octospores. The
pansporoblastic membrane remains intact only for a short Linme alter
the pansporoblasts ave removed rom the body of the host. The spor-
unts sverete metabolic produets that form granules, these often
chumping te form large dense masses (g, 550 Microtubules ave not
usually lormed during sporulation,

IFresh free spores are elongate vval o evlindrical and have a large
dark vacuole. They appedr Lo have a sineoth, delicate spore wall, twao
nueler, and a polar filament ol unitform diameter from base to apex
thg, 56,

BN st
Foue ot 45 Hoedenhan s-hematosyhinesiained oetospores of Parothelohanie ofricana
Huzard and Anthony. ~ 2,000
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{1 4483
Fiat qr 48, ~Surfuce vitrestrueture of P africana octospores, x 2,500,

UN iy
Fud e 50 Internal ulwastructure of P gfricang ovtospore. x 30,750,
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The sporonts producing [vee spores lie dormant as uninucleate
stagres 1n the hemolymph of young female larvae invading oenocyles
ot the last stadium, where they undergo many nuclear divisions and
hecome large plasmuodia (fig. 571 Sporents producing free spores do
not have i pansparoblastic membrane and do not secrete metabolic
protucts. Spuratation al these large plasmodia usually begins
shortly after the fivst blood feeding, producing numerous free spores
tn the ovaries or oenoeytes of adult fomales,

This genus represents a large number of species found primarily
10 anophehne mosquiloes, However, twa species have been found in
the mosquite genera Aedemmyte and Aedes, All apparentiy are
transmitted to their hosts via the ovartes of infected lemales. The
type spectes s 2 fegery tHesser as originally designated by Codreanu
s THEG

Parathelohania africana Hazard and Anthony, 1974

Provreeinegec atrneannes Havaed and Anthons . 1974 U8 Dep Agrie. Tech. Bull.
T

fo0 e e Fantham et al oan parg o 1831 Parasiol 380 2020 New
RS TR L FLY

Spore stze. -Living actospores [rom male larvae measure 3.7x2.3
pr. lvings [ree spores (rom adult females measure £.8x 2.0 pm,

Host - Anophedes gambrae Giles, a mosquito, eollocted in Nigevia
and Zululand, Afmea.

Infeetion sie. - Adipose tissue of larvae; oenoeytes and ovaries af
adute females.

Mulotype - Kaduna, Nigeria, September 1870, USNM No. 24393
llazards,

Paratvpes, -USNM No, 24394 World Health Ovganization Ref-
erence Center, Ohio State University, Accession No. 1661 (Hazard}.

sScanning electron photomicrographs show the surlface of octo-
spores to be wrinkled and not as noticeably constricted at their pos-
tortor ends as are the octospores of other species (fig. 491 Transmis-
<ton vlectron phutemicrographs show the polar filament o have
3 to B eotls instde the apore. usually 2 of these coils formed by the
broad basal end +fig. 5. Nothing is known of the ultrastructure of
[peg Spres

Patent!y infected male larvae succumb in the last instar. The Oree
spores develop m blood eells surrounding the ovarioles, are clongate
and styghtly bent or eurved, and narrow to nearly a point at one end.
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Parathelohania anomala (Sen, 1941)
Hazard and Anthony, 1974

Divamae e’ Senc 1L Madsr Tose Indha 12350 Thomsan. LG, JF
et Pathal 2338

Fovieon Jegrer Kudo o parr 1924 Sgeh Protistenhd., 67020 Sen o paett,
M Ay dnst Indhay b U5 Tuar e g mopares, U710 Ann Pargsttal Hum
Camte 332N New svnattvin

Poectaiecig coneagle men 19D Bleeand od Amthony . 1974, USRS Do Agrie
[ERRTR LT E A T

Rpare siee Living ree o spores ) from larvae measure 5.1-6.1
2020 .

Host  Aznophedes romsaye Covelll o mosquauto, collecied in India,

[nteetion stte. Adipose tissue of arvae.

Nuthing 1= known of the ultrastracture of this species. We tenla-
tvely place it o this genus, s did Hazard and Anthony (19741, We
Ha this believing that the sporonts and oblong spores described by
Hen 8D represent stages and froe spores in females, which occa-
sty prematurvely develop in the oenoeytes among the adipose
cells i female larvae. Sen's deseriplion is vague: therefore, we place
it here wath oncertamnty,

Parathelohania anophelis (Kudo, 1924)
Hazard and Anthony, 1974

Voserns oreonie’a Kude, 192 0e, Ui Bl Monoge, S92 30 1100 Weser, 18947, Pr,
Megavshe Frn Sped 1s 0397

Procdonerg 2hamssersgs Kudo, 1822000 Parasttal 805
Piviferee Jegerr Kudo an parte P40 Arvch. Proustenkd. 49 147 Kudo rin

porte 2T TH Bood Monugr %2710 113, Kudo nm part, 19254, Zentealhl. Bak-
el Parasitenkd Intecttonske Plvg AbL T O 96 431 Chapoan et al. an parts
ta6h. Jd tnveerehy Pidhuel 8433, Weser. 1966, Nemoer hmyzu, p. 159 Hazavd and
Wersor, IS Protecop] 15 SIS

Nowmesg stegemintae Foxoand Weser tin parts, 1959, J. Parasiiol. 45: 21; Themson
ot 160, Taseey fathoel. 90 352 Woser vin patd, 1261, Moougr, Anpew. Bn-
tomod 170108 Weser vn party, 1966, Nemoel hmyzu, p. 455,

Perrathiabaet unophels Rudo, 1920 Hagard and Anthony, 1974, U8, Dep. Ag-
i Tech Buli 1505 10

Spore stge. -Living octospores in larvae measure 4.0-5.5x2.5-3.6
pm tHazard and Weiser 19681, 5,18+0.04x3.16+0.02 pim (Chapman
et al, 1966 living [ree spores measure 4,7-5.8%x2,3-3.2 pm (Kudo
192500, £.5x 2.2 pm tHazard and Weiser 1968),

Host. —Anophelos quadrimuaculatus Say, a mosquito, collected in
Flonda. Georgia, and Louisiana, U.S AL

[nfectwn site. ~Hemoceyles and adipose tissue of male larvae and
the venueytes and ovaries of females.
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The living vetospare has a bottle-shaped internal structure visible in
phase-contrast microscopy tfig. 511, The vacuole is not visible in liv-
tng octospores. The {ree spores, however, have a distinet dark vac-
wole, viewed under the phase-contrast microscope. Free spores are
semewhat pyrlorm and are fouad in the ovares,

The oetospere has four strong ridges on 1t constricted posterior
end formed by the thick exospore of the spore wall (fig. 831 The
polar lHlament mukes 8 coils inside the spore, the lrst 3's of these
{ormed by the broad basul portion fig. 5. The sporoots secrete
wranutes that clump o lorm large dense masses tfig, 55). The ultra-
strueture ol the free spore 1s much different trom that of the octospore
{ound in lavvae. The hree spore has a very thin and smooth exospore,
a large vmply .cuole, a shoret polar filament of uniform diameter,
and a small indistinet polaroplast (lig. 563, This is the only species of
Purathelohanic in which the ultrastructure of the unbound spore
has been studied.

All male larvae become patently infocted in the last instar and
suceumb. All Temale larvae survive tw become adults, which trans-
mit the disease te their progeny via the ovaries. Uninucleate spor-
onts 1o lemale larvae hie dermant in the hemolymph until the last
larval molt, at which time they invade venoeytes that have migrated
ta the ventral diverticulan. Here they become closely appressed to it
al the 1imoe the adult emerges from the pupal skin. Shortly after the

3%

PN 4300
Fiz: #¢ 51 Fresh ortospores of Parathefoliania anophefts tKudo. x 2,000
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Hedeohan s hematoxyhn-staned actospores of £, enophelis. ~ 2,080,

BN
Fao re 33 Surbiee ultrasteuctsee of £, auophelis octospores. ~ 9,600,
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PN 4505
Fuit it 37 -themsa-stuned sporants of Poognophelis that give nise to free spores.

~ 2,600
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femuale takes her first blood feeding, Lhe multinucleate sporonts di-
vide by evioplasmic division, producing many binucleate sporonts
tlig. 371 and the oenocytes break free of the ventral diverticula and
migrate to the ovaries. These binucleate gporonts becomoe sporo-
blasts and eventually free spores somelime during the transforma-
tion of ovarioles Lo egys.

Parathelohania barra {Pillai, 1968) comb. n.

Thedvftoae burre Pillai, 1968, 2. Angew  Kolomal. §2; 3956

Spare size. —~ Living octospores measure 3.77=0.34x2.63=0.28 pm:
macrospores measure 5.73 -7.80x3.64 -5.09 um.

tlost.——Aedes australis tErichson), a mosquito, collected in New
Zealand.

lnfectivn site. —Adipose tissue of lavvae.

This species s polymorpliie, having spores that vary greatly in
size and shape, some being very large. It is the first Parathelohania
species reported from a mosquite in a genus other than Anophieles.
Nothing 1 known of the spore ulirvastructure in larvae or of the
sporogonic stages in adult female hosts,

Parathelchania chagrasensis sp. n.

Spove size.-Living oclospores measure 3.07-3.92x2.12-2.44 um.

Host.—Aedeomyvia squamipennis (Lynch Arribalzaga), a mosguito.

infeclivn site.—Adipose tissue of [arvae.

Holotype.-~Chagras River, Canal Zone. Mar. 6, 1973, USNM No.
24395 tAnthony. Hazard, and Keenan).

Paratypes.—USNM No, 24396 World Health Organization Ref-
erence Center. Chio State University, Accession No. 1660 (An-
thony, Hazard, and Keenan).

QOclospores fixed in aqueous Bouin's fluid and stained with
Heidenbain's hematoxylin are similar in size and shape fo the
stained octospores of P. africana {fig. 53}, and fresh octospores have
o similar bottle-shaped internal structure (fig. 591

The sporonts secrete granules that clump to form large dense
masses within the pansporoblastic membrane (fig, 60} Tubular
structures arve also formed. These metabolic products disappear for
the most part during sporulation, but remnants of the tubular struc-
tures remain even after the spores mature. The constricted posterior
end of the octospore is short and looks similar to the spore of P.
africana. 1ta polar fllament is also similar to that of P. africana, hav-
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PN 4507
tisekr 538 -Heidenhain's-hematoxylin-stained octosporves of Parathelohania
chagrasensis »p. 0. x 2,000,

1305

Ftoree 539.—Fresh octospores of P, chagrasensis. » 2,000
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[N
Pracke 80.--Dividing spuront and metabolic products in P, chagrasensis
pansporablast. ~ 12,800,

RS R

Fum ke 81 -Ulrastructure of 2 chagrusensis octospore, x 33,300,
P }
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g 6 cotls, the fimst 2 formed by the brond basal portion {fig. 61% F,
chagrasenses differs. howoever, by being more strongly constricted
and baving more prominent ridges at the posterior end,

Nutheng s konown of the sporonts and {ree spores in adult females
orf disease s transipitted via the ovamoes, Al patently infeeted lar-
vae dhe i the st stadium, The sex of the larvae having octospores
was net determined. Nothing more is Known about the hust-parasite
velfatiop=lng o this species. We name this species chagrasensis aftor
the Clagras River tin the Canal Zane, where ity host was colloeted.

Parathelohania illinvisensis (Kudo, 1921)
Hazard and Anthony, 1974

L F

Hrevoswrses Kudo, 1820000 Moephol 35 187,

Fracsolobarng Jlvooaerses  Rudo U821 aarard and Anthony, 1970, U8, Dep. Ag-
e ook Bt 1305 185

Fooloturng dogees Bude o parte, 82100 Arch Protistonkd, 49 148 Kuda i
ot W2e HE Biol Mo 902 35 L1 Kode on mart, 18250, Zontralhi. Rak-
et Pargsieeahd . fateetionske Dy Abt U Ongz 980 131 Missieali tn parc, 1928,
oo Mabared S 383, Fanthan et ad o pare. 18941, Parasuolugy 33: 202 Weser tin
BT Pr Murasshe Proe Spol s O3S, Powsson an party, 1953, 1 Traité de
sontogtte BOE Grasees ed p 8063 Thomeon dn partr, 1960, J. Inseet Pathol. 2 350:
Wervr an parte TO6E Moungr Angew Entemal. 17, 113 Kudo, 1962, J. lasect
Painsl 1353 Chapran ot al an parts. 1966, § Iavertobr 2athol, 8 433 Anderson,
s Dvertebr Patiol 11 482 Tour ot ab sin pacty, 1970 Ann. Parasitol. Ham.
Cormp {8 20

Fraliivg e

Porretheidagear logerr Smmnwers, 19700, 0 Dovertobe, Pathol, 23 002

Spore se. Living oclorpores measure 4.8-8,0x3.0-4.0 pm (Kudo
19210, L8+ 0,005 3184 0.02 pm (Chapman et al. 19861 Giemsa-
starned octospores measure 4.3+20.07X2.920.07 um (Anderson
1948,

Host. -~ Anopheles punctipennis (Sayi, & mosquito, collected in
Connecticut. Hlinois, and Louisiana, U.S.A., and Quebec, Canada.

Infection site. ~Hemoevtes and adipose tissue of male larvae;
venpgevtes and ovaries of fomales,

The octospoves of P, illinosensis Hig. 62) are morphologically simi-
tur in size and shape Lo these of P. anophelis but differ in the
nmber of cotls of the polar filament. there bei ng & coils in P, if-
framsensis 12 formod by the broad basal portiony and 8 coils in P.
anophelis 13% formed by the broad basal portion).

We do not know whether or not sporulation of octospores ocecurs in
both larval sexes or only in male larvae as it does in P, anophelis,
Also, we do not know anything CONCETNING @ SPOregonic scquence in
surviving females,
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PN A1
Fao w2 Uliastrueture of octaspore of Porathelokanie ditnosensis tRudob
' ~ 22500

Simmers C18Tar has reparted finding Parathelohania legeri 1=P.
inmsensis: In o mosquito predatov. Psorephora ciliote (Fabrieius),
We hesitate to hst it as a host of P, dfinotsensis until a diagnostic
comparison ol the ultrastructure of the microsperidia in these two
moesquitoes has been given, sinee he based his identification only on
SpoTe 2,

Parathelohania indica (Kudo, 1929} Hazard and Anthony,
1974

Theilvdertte rndiea Kudo, 1929, Acch, Protistenkd. 67 30 Sen, 1941, 1 Malar. Inst.
India -4, 285, Werser. 1947, Pr. Moravake Pric Spol. 13 38; Thomson. 1960, J. [nseet
Pathal 2 338, Weser, 198G, Nemaor hmyzu, p. 460; Tour et al. tin partr, 1§71, Ann.
Parpsitol Hum Usmp 46, 208

Thvlvhunia ohesy Weser an party, 1961, Monogr. Angew, Entomol. 17: 111,

Parathefohannr tadrea s Kudo, 1929 Hoazawd and Anthony, 1974 U5, Dep. Agric.
Teeh Bull 1503 18

Spore size.—Preserved octospores measure £.0-5.2X2.4-2.8 um.

Host. ~Anopheles hyreanus tPallas), 2 mosquite, collected in
India.

[nlection site. —Adipose tissue of larvae.
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Kude 11929 gave little information concerning the structure and
shape ol the vetospores of this species. Since all of the material he
examined had been cither fixed in “"Carnoy-Lebrum” solution for
parallin sechioning or prepared as dried smears stained with
Giemsa, it was not possible for him to sec the charvacteristic struc-
ture of the spores. The senior author of this paper had an opportun-
Ity to examine many species of microsporidia-inlecled anopheline
tarvae collected in India some vears ago, all of which were somewhat
similar in structure to the previously listed specics. We tentatively
place this species in this genus, as did Hazard and Anthony (1974),
based on our knowledge of the prevatence of Parathelohania in
nonopheline mosguitoes o lndia.

Parathelohania legeri (Hesse, 1904) Codreanu, 1966

Phelohunm legers lesse, 1000, CI See Biol. 57: 570; Hesse. 1904h, C.R. Boc.
Bu 57 571 Averhach, 1910, Die Codosporidien, p o 196, Kudo tn pars, 1924a,
Areh. Protstenkd 49 17, Kudaan party, 1924e, 111 Hiol, Mooogr, 962317 143; Kuda
un party, 1923, Zentralbl Bakieriol Parazicenkd. Infectionske. Hyg, Abi, 1. Ong. 96
KL Kudo an pace, 19248 Arch Protistenkd. 67030 Missical, 1929, Rev. Malarol, 8
A5 Fantham ot alo oo pare, 1911 Parasiology 330202 Sen an pary, 1941, 4. Ma-
bar Inst Incha b 258, Weser an part, 1947, Pr Morpvske Pie Spol. 18, 3% Poisson
na part 3 e Trade de zoalgne B P Grasse, e, po 1063; Thomson tm part,
1L, 1 Insect Pathel 20354, Wener an part, 1981, Monogr. Angew, Entomel. L7
TEL Wenser, 1983h, e Inseet pathology (B AL Stanbaus, edo, vol. 2 318: Werser (in
pawrte, LHEE. Nemoer hinvzu, pod3s, Weser, 1969, An atlas ol inseet diseages, n. 245,
Rudo rin partn, 197t Prawsoalogy, po =162 Tour et al.in party, 1971, Ann. Parasitol.
Hum Comp 16 208

Paratheindaerm logers Hesoe, THOD Cadreanu, 1966, Proe. Int. Congr. Parasial.,
Lsto 106 602, Hazard and Anthony, 1974, U8 Dep. Aprie. Tech. Bull, 1505: 8.

Fovogliama messirofi Wosor, 1981 Monogr. Angew. Entomgl. 177 117 Woeiser,
1963, Bull, W HLO 28125

Spoie size, --Living octospores measure 6-8x3.4 um (Hesse
189040 and 190401, .8-6.0% 3.4 pm (Weiser 19611 macrospores meas-
tre 12x5 um thesse 1904a and 1904bY; free spores in adult females
measure 3,0-L0% 1.5 2.0 um (Missireli 1929).

Host.—dAnopheles maculipennis Meigen, a mosquito, found in
Czechoslovakia, France, and ltaly,

Infection site,—Adipose tissue of male larvae; oenacytes and
ovartes of adult females.

According to the photomierographs of Heidenhain's-hematoxylin-
stained octospores of Weiser 1196 D this species has spores similar to
those ol P, odesa, but they have a more constricted posterior end and
ire proportienately longer than their width, The free spores in adult
femates are elongsle and curved or bent and develop in blood cells in
the body cavities, Sinee this species is the type (or the genus, its
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ultrastructure should be studied so it can be compared to that of
other speer & Nothing 18 known of the ultrastructure of the sporonts
or spores rom either sporulation sequence in this species. Larvae
having trank infections apparently succumb o discase in the last
instiar

Kudo 11929 hists six vther Anopheles species from India—
Anopheles burbirostris Van der Wulp, AL qaneleris Van der Wulp,
A hyvrvanoes (Pallasy, AL ramsaye Covelll AL sabpietus Grassic and A,
vartend, lvengar v AL funestas of ludor—as hosts of T feger. Also,
Tour et abll (497D added an additional host, Anopheles lubranchiae
atropartas Van Thiel, from France, Betore adentification of these
micrasporidin can be deternnned, their ultrastructure must be
studied.

Parathelohania obesa (Kudoe, 1924) Hazard and Anthony,
1974

Tielohiare ohese K, 19200, 0T Bt Momgr 02 30 161, Kudo, 19250, Zen-
trathlt Baktenal Parasitenkd Lntection<ke v Abt 1 Ong 98 3320 Missiealy,
12 Rew Mabanol S 098, Wetser, TIT0 P Morasske Proe Spal 15038, Thomszon,
P d Tnseet Pathiol 2 360, Wetset an part-. W6 Monogr Angew Entome] 17
110 Witle and Beandom, 1965, 0 Invertelr Pathel 7012, Wepser, 1966, Nemoo
g o B0 HLasrd amd Wereer, 1065, 0 Protogoel 13 5200 Fudton o al o 1971,
Moayg News gt sy

Foofadee i Jegn Chapmian ot ab L 1966, ) Tnverteln Pathel 5453, Toue ot ol oo
e 1871 Ana Parasiiol JTune Coamp 16 20s

Poocpenelomgg abw e Ride, 1221 Hazard and Saathony, 1970 U5 Dep Apee
Ity Buall 1305 L1

Spore =ree. Living actespores meastive 3.5 5.7<2.8 4.2 am
cHarard and Weser 1968 preserved octospores measure 4.0 -
F.A-30 33 wm o Kudo 18240y hiving fvee spores measure 7.9%3.5
rom s Hazard and Werser 18681,

Lest. ~aAanpheles cruciens Wicdemann and Anopheles quad-
reoraenfutus Sav, muosguitoes, colleeted in Florida, Georgia, Lou-
stanit, and Peansylvama, U5 AL

[nfvetion site. - Hemoevles and adipose tissue of male and lemale
tarvae; veneevtes and ovaries of adult fomales.

The vetospore 15 short and oval, heing anty o Little longer than it is
wide s 83 and G4, Unhke many other spocies. no internal
bt le-shaped strueture is seen ip phase-contrast microscopy of Jiv-
e octaspores 1 {resh smears. Instead, only a dark, thin elliptieal
fine 1~ ~een i the pesterior end off the spare. Sporunts producing
these octuspores eontiin densely staining granules casily seen in
Chemsa-stained smears and Heidenhains-hematosylin-stained wet
stundr=  Froe spores e broad and evlindreal and have a lavge vace-
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Frorw 8 Froshactospores af Pasathelohanie obesa (Kuder, ~ 1,100,
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M {514
Foo- 6 Hedenhmns-hematonsvlin-stamed velospores of P obesa. < 2,000,
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uole {fig. 65). These sporulate in cenoccvies in the hemocoel, causing
the blood cells to become greatly hypertrophied. Bach sporont pro-
duces six to eight free spores.

The surface ultrastructure of the octospore is similar to £, anoph-
eits. However, the heavily ridged constricted posterior end is much
shorter in P, obesa (fig. 66). The polar filament forms 7 coils in the
spore, 3 of which are formed by the broad basal portion (fig. 67).
Nothing is known of the ultrastructure of free spores or of the spor-
onts from which they develop,

Octospores sporulate in about one-half of male and female larval
progeny, causing their death in the last instar. This microsporidium
15 carried via the ovaries to female progeny for only one generation,
surviving female progeny being free of the infection. This species
differs from others by its short and broad octospores, by the number
of the coils of the polar filament and number of coils {ormed by the
broad basal portion. and by the unusually large size of the free
spores in adult females,

PX 43
Fro Be 67 - Internal ultrastruetare of £ obesa octospare. = 24,400,
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Parathelohania obscura {Kudo, 1929)
Hazard and Anthony, 1974

Phgladngrne obsesre Kude, BH29 Arch Protstenkd 687 0 Wewser, 1947, Pr
Mopsske Prac dpsd s O000 Thooson, 1368 lneeet Pathol. 20 360, Weser, 18686,
Nempon s by o po B8

Foelmonne e Wetses an part - 1861 Moperr Angew Entemc] 17 1L

o oegens oo Ben o part, 194 Malu Dnst Tndia 4 258 New synonyoy

Frpe srey Dby ohseserar - Rughe, 19289 Poeard and Andhons . 1974, 178 Dep. Agne
I'e vt Bull 1585 {9

Spore stze. Proserved octospores measure 4.5 5,053,035 um.

Host. Anopheles carena Ivengar oo AL funestus of Kudo, 1928 a
mosqute, cotlected i India.

lnfrcton site Probably adipose tissue of larvae. but not reported
by Kudo

This speetes may be simalar te P octidagenella, according Lo the
deseription of the spores by Kudo, We tentanvely place this species
tn Purefheiohanm for the same reasons we indicated lor P.oidica,

Parathelohania octolagenella Hazard and Anthony, 1974

ooy e e s Saers D tlnard and Antheny, 1978 U8 Dep. Agrie. Tech,

Ha'l T g

Spore size. Livng octospores moeasure §.0x 2.6 pm; living free
SpoTes measure 35 LS g

Host  Awopiales protoriensis < Theobaldr, a mosquito,

intectinn <ite. Hemoevies and adipose tissue of male larvae;
oennevtes and ovaries of adalt females.

Hoelotvpe  Kadona, Nigene, September 1870, USNM No. 24387
Hazard

Baratypes - URNM Noo 243898 World Health Organization Ref-
vrence {enter, Obto State University, Accesston No. 1658 1 Hazardt,

The oetaspores of this speeies are elongate and have a long at-
tenuated postormor end [ 885 The mature free spores in the aduolt
fematbe are marrowly ovhindrical, narcower on the anterior cond,
ctirved ssame <o deasticaliy that they are Usshapedy. and without a
visthie vaguale

Thee vetospores are beavidy vdged, some of the ridges running the
rull Temrth ol the spore fig. 68 The constricted posterior end is
often atemuited tnaog blunt pomt lHazard and Anthony 1974), The
polar filument 1= long, awking ¥ coils inside the spore, the first 2la
formed by the heead basal portion (Aig, 701 Nothing i known of the
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ultrastructures of sporonts and <poroblasi~ 1o Luvae or ol sporonts,
spornblasts, and tree spores i adult Femakes,

The uetospores sporwlate tn nude laevae, all of whieh swecumb o
the inlection in the st mstar The netnspores of this species are
easthy dhistingurshed by the ridees that run then full fength and by
the Tong attenuated posterior eod.

ARRAEH
For T Inteenal ulirastrvetuee of £ oclolage celia vetospore. - 21000,

Parathelohania periculosa (Kellen and Wills, 1962)
Hazard and Anthony, 1974

Fileimg sy 2 D Kelien and Wills, 18824, 2 Inseet Pathol. 40 54, Wewser,
HRR Nemac e po 460

Prameriet e e g Keilon and Wik 1982 Hazard and Anthony, 1874, U8
Dep Asre Teetr Bui (1303 14
Noowe oz Rellen ot i 19650 Invertebr Pathaot 420

Foo e oap Hlaand and Wetsop, 1968801 Protoseal LS S17

Spore size. -Living octospores measure .51 20.06% 2.62=0.02 pm.
and preserved netospores measure 3.812 0,06~ 0.04 pm «Kellen and
Wills "96200; hiving Froe spores measure 5547020 L.73=0.07 um,
and presorved free spores measure DT L18x L48=0.10 pm Kel-
fen et al 1967,

Hust - Aropheles franciseanus MeCracken, a mosquito. collected
i Caltfornia, US0AL
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Infection site, - Hemoeytes and adipose tissue of male larvae:

venaevies and ovarwes of lTemales

Frank nfections are tound only o male lacvae. where the octo-
spores are seen as wlhitish masses on the ventral side ol the abdomen
ideseribed as “dough belly™ by Kudor Patently intected larvae usu-
ally dhe 1o the Yast instar The stained octospores of this species are
stnnlar i shape and structure w those of £, waophedis, but the free
speres i adult females differ; those of P ogaopfiefts are oval w ob-
fong and sporulate 1 the ovartes, and those of 2. perculose are
elongate to evhindreal and sporulate in cenoeyvtes tn the hemoceool.

Other Hosts of Undescribed Parathelohania Species

Anopleles albonanus Wicdemann
Curathelohung sp. Hoazard and Oldacre, hoe locu
Anopleles annulerss Van der Wulp
Thelohanra leqerr. Kudo, 1920
Anopheles barbirostris Van der Wulp
Thelohwmae leger:: Kudo, 1929
Anopheles bradles Kang
Thelohang sp. Chapman et ., 1966 Chapman of al.. 1967
Anopheles clutiger yMewgent [« AL bufiercatus of Kudo
Thelhumeg fegerr: Kudo, 19240 Weiser, 1947, 1961
Anophieles funestus Giles
Purathelohantea sp. Hazard and Oldacre. hoe loco
Anapheles fubranehiue ctroparees Van Thiel
Thelohan leger: Tour vl all, 1971
Anapheles nide VTheobald
Parathelohane sp Hazard and Oldacre, hoc loco
Anophieles pharoensis Theobald
Prerathelohanae sp. Hazard and Oldacre, hoe loco
Arnopheles pevdapunetipenns pseudopunctipennes Theobald
Thefohwma feger: Camey-Pacheco, 1968
Anapheles subpretus Grass
Thelohania legere: Wado, 1929
Arophetes triannulafus tNeiva and Ponow
Purathefoharie sp. Hagard and Oldacre, hoe Toeo
Anopheles vagus Dony
Thelohania fegerr: Senl T
Anopheles rpalkerr Theobald
Theloharne spo Luird, 1981
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PECMATHECA gen. n.

Only vne speregonic sequence, producing octospores in larval
huosts, 1= known an these microsporidia, but adult females have not
been examined (o determine whether or not there 1s o transovarial
sequence.

The pansporeblast is oval, has a subpersistent pansporoblastie
membrane, and contains oval octuspores with equally rounded ends
Gy 711 The vetospere retans its shape when preserved and stained
with Herdenhain's hemotoxylin and has a short polar filament of
unilvrm diameter. This genus 2 ungque e that multimoeleate mer-
onts give rise Lo several panaporoblasts 4 to 160 thut remain at-
tached by thin strands of proteplasm after division until sometime
after sperulatien tigs 72 and 731 The voung sporonts seerete small
sranules that are retained by the pansporoblastic membrane until
sporulatton thg T4 ac which time most are apparentiy atilized by
the sporeblasts in the formuton ol the spore wall, Microtubules are
nel Tormed o sporulating pansporoblasts. Elecuron photomicro-
graphs show the octospore to have a thin and relatively smoeoth exo-
spore and a polar fGlament of uniform duameter dig. 751

This genus may contain numerods species bevause they appear Lo
be commuon parasites ol blackifies. We name the genus Pegmatheea,
meaning Fastened cases” and veferting to the many connected
pansporoblasts developing tom single meronts, We describe only
one speetes, Pegenatheca simdu, which s the tepe by monotypy.

L
o Herdenban = hematess Iinestaned sctospores smelauged ot Hfegmntheca
werr i ospon o+ 2000
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PN-4521
Finire 72 --Fresh smeor shawing group of conpecled pansporoblasts of P. simulii.
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PN.4522
Pt ey 73, —-Hodenhien's-hemaroxylin-stained group of connecting pansporoblasts of
P, simulif, X 2,000,
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BN AL
Fie e T4 -Dhviding sporont in £ senade panspovoblast, 12,000, MG, metabolic
granules,

Flut ke 7o -~Ullrasteucture of P stz octospore. X 22.500.
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Pegmatheca simulii sp. n.

Spore size~-Living octospores measure 3.04-3.72x 1.92-2.48 um.

Yhost —-Simdien tuberoswon (Lindstrémi, a blackfly,

Infective site - - Adipose Lissue of larvae,

Holotype. Hualehet Creek on Walde Road near Gainesville, Fla,,
UL8 AL Mar. 9, 1971, USNM No. 24402 (Hazard and Swain?,

Paratypes.—USNM No. 24403; World Health Orvganization Ref
vrence Center, Accession Noo 1862 tHazard and Swain.

The Hiving octospore is oval, has no observable vacuole, and has
cqually rounded ends, the ends of some appearing to be triangularly
pomntod 1o fresh preparations. The spores have nol been examined in
difute (nddin ink for mucous envelopes. Octospores fixed in agueous
Bouins flud and stained with Heidenhain's hematoxylin are oval,
bul never appear to have pointed ends, Matuve speres arce nearly
rnpeeviaus to this stain and many appear to be melanized tig. 711
The pansporoblastic membrane retains the octospores for a short
tine aller removal fram the bady of the host,

The sporonts secrete moderately sized, uniform granules within
the pansporobiastic membrane tig. T4, These granules remain in
the pansporeblast long after the sporoblasts ave formed, but they are
reduced to very ine, nregularly spaced granules during sporulation.
The octosperes have a thin exospore, a moderately thick endospore,
ixmall, tightly compressed, lamellate polaroplast, and a short, thick
pulie thanent of uniform diameter (hg, 753

We name this species afler the genus of iLs host.

PILOSPORELLA gen. n.

The adult female hosts have not beea examined: therefore, we
know aothing ubeut probable transovarial Ltransmission of infection
o prociiction of free spores,

The pansporoblasts are oval and contain subspherical or spherical
octospores Higs, 76 and 79, The panspoveblustic membrane is (ragile
and bursts immediately when removed lrom the body of the host.
The octospore has a thin exospore, a relatively thick endospore, a
suntewhat short polar llament of uniform diameter from base to
apex, and o polureplist made up of indistinet and widely separated
emeline thgs 77 and 300 The octospore wall is smooth, and the
aclospores are without o mucous envelope. Young pansporoblasts
contain numereus granules (ig. 81, which are replaced by micro-
tethules o T80 when octaspores are formed.

Ouly twa species are known, both {rom mosquitecs, The name
Priosporctta means "small, ball-like spores,” referving to the shape of
the actospores. We designate 2. fishi as the Lype specios.
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PN 14323

Frieue 76, - Fresh octospores of Pilosporelia chapmant spon. x 2,000,

(RO KH

Fige g 77 -Ullrastruetiire of 2. chapmani octospore, x 45,400,
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A

BN st
Froonk 75 Pansporablast of Poscdapmaeae containing oetospoves. ~ 17,100, M,
nuerotubules,

Pilosporella chapmani sp. n.

Spave size. --Living octospores measare 2.80 pom.

Hast. -cleeles triseriats tSayv), a masquito.

Infection stte.-—Smalil isolated aveas in the adipose tissue, often in
the b od and sixth abdominal segment of larvae.

Hulotype.-=In old rubber tires near Lake Charles, La.. US.A.,
July 1.1872, USNM No. 24399 (Chapman and Glean).

Frosh and preserved octospores ave sphevical (lig, 76).

The octospore has a short polar filament making about 4 coils
1. 77 Mature pansporobiasts contain a few granules and many
microtubules fig, T8 but only the granules ave seen in young
panspuroblasts,

We suspect that this species is not lethal to {ts host, at least not
larval hosts, because the infection never appears to be extensive in
immature mostuitoes, We name it P. chapmuani in honor of Harold
(. Chapman, whe found it in mosquitoes breeding in old rubber tires
in Louisiana, TLS.A,
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Pilosporella fishi sp. n.

Spove size, - -Living octospores measure 2,33-3.13 pm. the average
Doty 2,92 um.

Host. - Wyeomyia canduzeer Dyar and Knab, & mosquito.

fnfection site. --Adipose tissue of larvae.

Holotype, -In bromeliads neav Vero Beach, Fla., USA. Mar. 21,
1973, USNM No, 24400 19ish),

Paratvpes. -USNM No, 240401 World Health Organization Reler-
enee Center, Ohio State University, Aceession No. 16858 (Fishl.

The oclospores are subspherical and have a small, indistinet vac-
wole fig. TH.

The vetospore differs from that of P. chapmani by having a thicker
endospore and a longer 6 cotls) and narrower polar tilament (fig.
8th, The voung pansporoblasts contatn many granules tfig, 813, most
of which are replaced by microtubules during sperulation. Mi-
crotubules appear to be fewer in the mature pansporoblasts of this
species than in P chapmani.

£ fisht causes more extensive pathologies in its host than does P
chupmant in A, triseriatus, usually involving o greater part of the
lurval tut body and often causing death in late larval instars. Some
infected individuals. however, survive to become adults when the
inteclion occurs in small isolated areas of the host body. A spore

o
g

DN 1528
Figrne 79 Fresh octospoves of Pifosporella fishi sp.n. x 2,000,
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BN indy
Fuit ke 80 Ultranstructure ol P fisfn octospore. « 32,500,

™ I50
Fuiowe 810 Pansporablast of £ fisie containing sporoblasts and metabolic granules,
x 12,000,
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having a different shape has been seen mixed with the subspherical
ortospores in one larva. These spores are pyriform. somewhal elon-
wate, and not enclosed in panspereoblasiie membranes. They measure
T8 A 14138164 um. We do not know whether or nat these
spures represent dimerphism or another species, We name it alter
Ducland Fish, a graduate student at the University ol Florida, who
found 1t in W. venduzeer breeding in bromehads near Vero Beach,
Fla

SYSTENOSTREMA gen. n.

We know ol unly vae developmental sequence i these miero-
sporidha, and 1t produces vetospores,

The pansporoblasts are subspherical and contain small, oval to
purtform octospores ig, 82 The pansporoblastic membrane is sub-
persistent, remaining mtact only for a short time alter the pan-
sporoblasts have been removed from the body of the hest. The
vetospore hag o thin exespore. a long polar filament abruptly con-
stricting near its middie, and an indistinet polareplast thig. 851 The
poar resalution of the latter may be due to improper spare fixation.
The surface of the spore wall 12 covered with fine vidges, making it
somewhat wrinkled. Dividing sporonts seevete granules (g, 831 of
untiorm size witlun the pansporoblastic membrane, which are
mustly replaced by microtubutes during sporulation tfig. 844

We naume this gonus Systenostrena, meaning "thread tapering to
a potat”™ and relating to the polar flament which abruptly constricts
to a nrrow distal portion. Only one species, S, febans, represents
the genus and 3 the type by monotypy.

Systenostrema tabani sp. n.

Spore stze, -Laving octospores average 3.32x2.08 pm. the range
herag 3 L 3.5~ 1910 2,17 .

Host. - Tabanws Lineolo Fabricius, a horse {1y,

[nlection site. - Adipose tusue of larvae.

Holotype. -Orange Lake, Fla., US.AL Apr. 2. 1973, USNM No,
L4 04 Knelln,

Paratypes. ~ USNM No. 24405: World Health Organization Ref-
erence Center. Ohio State University, Accession No. 1666 tKnell),

Fresh and preserved oclospores are oval to pyriform and are with-
oui a visible vacuole fig. 821

Young sporonts seerete granules of uniform size fig. 83, and
these are replaced by microtubules in pansporoblasts during sporu-
lation ifig. 84, The ectospores have a thin rugose layer, a somewhat
long and abruptly constricting polar {ilament, and an ill-delined




PN BT
Farwr 520 Nrdenhamvs-homatexylin-sianned aetospores ol Svsteanstromea fobant

spon. o~ 20000

"N 4332
Frot RE 83 Dividing spovont of 8. tebanr pansporobiast. x 12.000. MG, metabolic
granules; PM, pansporvoblastic membrane.
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[ LR e £ ]

@ owb Pansporoblust of 5 fahars contining ~pores and mwrotahules.
= 17

Fue gt 55 Ultenstructare of 8. febam uctospore. ~ 30.750,
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polaroplast (g, 85 The polar tfilament makes 14 to 16 coils within
the spore, the first 6 coils berng formed by the broad basal portion.

This nuerosporidium causes death of larval hosts. Little else is
Known about ats hest-parasite relationship. We name this spuecies
alter the genus of 1ts host,

THELOHANIA Henneguy, 1892

Fivimren: Hennegny, e Hennegay and Theloban, 18920, Ann Sierge 4 64

As far as we know, the speries of this genus have only one de-
velopmental sequence, which produces ovtospores,

The pansporoblasts are subsphertead and contain small, oval or
pyriform octospores The pansporoblastie membrane may be persis-
fent, et may burst shortly after the pansporoblast is disseetoed
teamy the boddy of the host, The octospore has a thin exospore, a long
pelar Milament of wmiform diameter, and a distinet polaroplast com-
posed of compressed lameblae. The wall of the spore is without sur-
e stracture

Nathing = known about the ultrastructurs of the type specics. We
citnondy deseribe the alirastrocture of a microsporidium found in
Astucus paifipes Leveboullet © Awstropotamobius pailipes of Vey
avel Magtor veported to be Thelohamia vontepeani Henneguy by Vey
and Vaga 1973 The sporonts of this microsporidium secrete small
dense granules that are held by the pansporoblastic membrane until
sparulation, when they ave replaced by small tubules (Vey and Vago
H The vetospore s uninucleate and has a thin exospore, a polar
Blament of nearly unidorm diameter tor only narrowing gradually
tosward i~ apeal ends and a pulavoplast composed of Lightly com-
pressed Lunetlae. The outer surface of the exospore has no noticeable
surhiee structure o the electron photomicrographs of Maurand and
Vv rEHTD

We suspeet that this genus is represented by several species found
n decapad erustaceans, bul we cannot be certain until we have
~tudied theon ultvastructure and the ultrastructure of the type
~pecies. Thelohaenia guerds Henneguy.

Thelohania contejeani Henneguy, 1892

£ conteeant Hennoguy, e Henneguy and Thelohan, 18926, Ann. Mi-
cozr B Hewnegan e Thelohan, 1592, Boll, Soe. Philomath, Pars 4 174: Dubais,
O N N Bl 50 1580 Gurtey, T80, Budl, U8, Fish Comm, for 1891, 11: 410;
ol IS8T Rep U5 Fial, Comme 26: 198, Tholohun, 1895, Bull. Sei. #r. Belg. 26:
0 Plether, 1593, Die Protienen als Kminkheitservoger, p. 72; Léger and Hagenmul-
WU R A 10 Ay Ser 26,553 Labbe, 1899, Sporozea. i Das Tierreich (O,
Borachde od b T2 Anerbaeln, 190 e Cosdosporidien, P 196: Kudo, 1924¢, 11
Boon Mowms 2200 1850 Scheresvhewsky, 1926, Zool. Anz. 85 71, Dollfus. 1935,
Bob See Cvnie Agqunnes 420000 120 119 Weiser, 1847, Pr, Moraveke Priv..Spol. 18:
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27 Potean, 1953 07 Trame de zooleme PP Urasse. edo, po 1083 Schaperclaws,
1934 Fie hkeapkheten, p 377, Sprague, 1885, 4 Protorool 12 88, Sprague. 1570,
A Fih Sue Spee Publ 5425 Suman and Wesonan, 19780, Ann. Zool Fenn 7
4 Vorepin, 1971 Parazitologina 3 188, Sprague and Couch, 1971 Protozoal B
330 Yoy et al L 19T1 O R Acad Aprre Fro A7 1300 Masrand and Vev, 1973, Ann
Paza~tob Hum Comp 15 111 Vev and Vo, 1973 00 Freshwater eraviish «8 Ab.
Pahaansson od o po 16

i vdurens sp Ves and Vago, 1972 Ann Hyvdrobnd 3 81

Spotaraaite” ety and Thelohan, 15920, C R Sov Bl 1 585

Spore size, Octospores measure 2.0 3.0 pm tienneguy and
Thetohan 1X92h; Thelohan 18955 3.0 4.0 pgm (Gurley 18941 1.5~
254125 LA gm o Dollfus 193510 4.6 <22 pm «Sumari and Westman
L9705 33 38«20 2.4 gam, living spores (Voronin 19711 3.4x2.3
am o Vey and \';1;:'(: 19721 3.5 4.0x2.0 pm, living spores tMaurand
and Ver 19730

Host,  Astacus Jluviatilis Fabricius t=Astecus astacus) (Hen-
neguy and Thélohan 1892b; Gurley 1894 Bumari and Westman
1970 Vorenmn 1971 Astoeus pallipes Lereboullet (=Awsiro-
potapiobius 1 Atlentoastacusy pallipes) (Dollfus 1985 Schitperclaus
19534 Vev ot all 1971 Viy and Vagoe 1972 Maurand and Vey 1973;
Vey and Vago 1973 crayfish, collected in Finland, France, Ger-
many, and 1.5.5.K,

Infection site. —~Musculature Henneguy and Thélohan 1892by;
musculature, heart, brain, connective tissue surrounding the gut,
and the envelopment of the ovary (Vey and Vagoe 19731

The octospores are oveid tHenneguy and Thélohan 1892b; Thélo-
han 18951 or shightly pyriform (Maurand and Vey 1973). Since they
are not always vnelosed by a membrane. according to Henneguy and
Thelohan 1882 and Gurley 118941, the pansporoblastic membrane
must nol persist.

Vey and Vage 11972 and 1973 and Maurand and Vey (19731 have
reported on the ultrastracture of a microsporidium, which they iden-
tfied as Thelohania contejeani, in Astacus pallipes. Whether or not
this microsporidium is identical to that of Henneguy in Astacus
fAnciatithts remmuns to be determined through electron microseopy
studies of infected type hosts. The electron photomicrographs of
Mavrand and Vey (19731 show that the spore has a thin, externally
smooth exospore, a gradually narrowing pelar filament, and a large,
fightly compressed polaroplaat. Electron photomicrographs of Vey
and Vagoe 11973 show granules in young pansporoblasts, which are
replaced by short tubules when spores ave formed.

This specios is tentatively held in the genus Thelohania pending
clectron microscopy studies of the type species, Thelohania giardi
Henneguy.
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Thelohania duvrarae Iversen and Manning, 1959

N fomors Bovrsen and Mannss 1939 Trans Am Pish Soe =8 130;
eed Vo Mer B Bull Mo S0 Gaolt Candh 1 548 Hetton, 18961,
Micrae Sae s ORI mprace IED S Pratosool 120 66 Sprague. 1970,
e Sgee PBD S LY Spracae andd el 38T Protosae] 18330
e e 199N N Santneast Bl Bull 5 id
e Rrsae B Pgane Sl Aaed TS

Rpere <izes Living octespores measare 5.4 3.8 pm.

Hosto Peracns duoraram Burkenroad tlversen and Manning
VS8 1 braseliensis Latredle dlversen and Van Moter 19641 P, az-
fects ves i RKruse 1958; Hulton 1984, a shrimp, collected off the
voast of Flovida, 17800\

Hifecnion site Museulature viversen and Manning 1959 heart,
gonads, bram, and muoseutature dversen and Van Meter 19641,

Nothing 1= Kinown ol the ultrasteueture of this species, it is held in
this genus pending electron microscopy studies of this species and
the type spectes, Thelvhanie grerdt Henneguy.

Thelohania giard: Henneguy, 1892

fovlomareas gaed thepnesus oo Hennesuy and Thelohan 18820, Ann. Micropr. 4:
G Hheanegoy, e Thelahan, 1542, Bull Soe Plalamath, Paris & 174 Gurley, 1893,
Bl US Fish Comm tor 1891 18 010 Gurley, 1504, Rep, U8, Fish. Comm. 26:
200 Dhelshan, 1585, Bull s Fr Bely 28, 362 Pradfler, 1895, Die Protozoen als
Kerankheitaerredet, p 720 Leger and Hageamuller, 1897, C.R. Assoe. P, Av. Sei. 26:
P Lablne N9, Sporosoa, o Das Tiervewh (O Bulsehln, edo, p. 1125 Mereier, 1908,
CH Aewd So TS A, Merewer, 1909, Acad. R Belg. CL. Sci.. Mem. 2121 30; Stem-
peoil P Avele Propstenkd. 1 348 Auerbach, 1918, Die Unidosporidien, p. 196;
Sehathenz, 1O, Avh Kas Gosundhe 33 406, 415, 417, 418 Kudo, 1924¢, 1)}, Biol,
Monan e B B30 Wewer, 137, 1% Moravske Prie, Spol. 18: 28: Poisson, 1953, in
Prate de sadoe 8 1 Grasses edy, po 1062 Sprague, 1965, J. Protozosl. 12: 66:
Spragre, BV A Fish, Sue Spee. Publ, 5: 4245 Sprague and Couch, 1971, J. Pro-
Bl 1853300 Cherstyeet and Werdner, 1974, Z, Purasitonkd. d4: 171 Hazard and
Antheny, 1974, 178 Dep. Agme. Tech. Bull 1505 3,

‘Sporszagire” Henneguy and Thelohan, 1882a, C.R. Soc. Biol. 4: 545.

Spore size.-~Living octospores measure 5.0-8.0 g in length
tHenneguy and Thélohan 1892a) and 2.0-3.0 pwm in diameter {Hen-
neguy and Thélohan 18920y,

Host.-~Crangon crangon Linnaeus (=Crangon vulgaris Fabricius),
a shvimp. collected in France.

infection site.--Musculature.

The living spore, very refringent under the microscope, is
pyriform and, according to Gurley (1894), has longitudinal stria-
tiony, Fregquently, macrospores are formed in pansporeblasts and
these have abnormalities—I{or example, constrictions near their
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middle. These apparently result when nuelei Fail to make the last
division just prier to sporoblast formation, The pansporoblastic
membrane is very thin, but it is easily seen in fixed and stained
preparations.

Nothing is knewn about the ultrastructure of this species; theve-
{fore, the generic status of other species found in decapod crustaceans
may possibly change after the ultrastructure of this species, the
tvpr, has been studied.

Thelohania maenadts Pérez, 1904

Thelhume moenadis Porezg, 1994, C.R, Soc. Biol. 57: 21d; Péres, 1905a, C.R. Soc.
Bisl a8 L48; Peres. 18050, Soe, S Avachon, Trav, Lab, 8: 16; Peres. 1986, C.R. Soc.
Brol. 8O 1091, Stempell, 1809, Arch, Proustenkd. 18 341 Auerbach, 1910, Dic
Condoesporidion, po 1200 Kudo, 1924c, 1. Biol. Moenogre. 912 3n 141 Weiser, 1947, Pr.
Moravske Priv, Spol. 18 27, Sprague, 1986, J. Protozeol. 12: 66; Sprague, 1970, Am.
Fish See. Spee Publ, 50426 Spraguee and Couch, 1971, J. Protozool. 18: 530

spore sive,--Qctospores measure 5.0x4.0 pm.
tHlost. —Carcinus maengs Pennant, a crab, collected in France.
tafection site. —Musculature and ovaries.

The pansporoblastic membrane is persistent and remains intact in
salt water for several weeks., Vivares and Tuzet 11974) reported an
additional host of 7. maenadis, Carcinus mediterraneus Czernavsky.
The microsporidium in this host cannot be considered the same
species until the microsporidia in both hosts have been examined by
electron microscopy. Since nothing is known of the ultrastructure of
T. maenadis or the type specieg of this genus, we tentatively heold it
tn Thelohania.

Thelokania paguri Pérez, 1927

Thelohanne paguri Pérez, 1927, Bull. Soc, Zool. Fr. 52: 99; Sprague, 1865, J. Pro-
tozoel 12 66; Sprague, 1970, Am. Fish, Soc. Spec. Publ. 5: 425; Sprague and Couch,
1971, ). Protozool. 18: 530,

Spore size.—Octoapures measure 4.7X2.9 pum.

Host.—Eupagurus bernhardus Linnaeus, the hermit crab, col-
lected in France.

Infection site.—Abdominal space between the viscera.

Nothing is known of the ultrastructure of this species. It is held in
this genus pending electron microscopy studies of it and of the type
species, Thelohania giardi Henneguy.

Thelohania petrolisthis Sprague, 1970

Thelohansa petrofisthes Sprague, 1970, Am. Fish. Scc, Spee. Publ. 5: 425; Sprague
and Couch, 1971 . Protozonl. 18 530,
Thelohama sp. Sprague, 1950a, Occas. Pap. Mar. Lab. La. State Univ. 5: &
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Sprague, 195-{, LS. Fish Wildl. Serv. Fish. Bull. 53: 251 Sprague, 1965, J. Protozool.
12 66, -

Spore size.—Octospores measure approximately 3.0x2.0 um.

Host.—Petrolisthis armatus (Gibbs}, a crab, collected in Louisiana,
U.S.A.

Infection site.—Musculature.

The pansporoblastic membrane is persistent, remaining intact in
salt water for several weeks. Nothing is known of the ultrastructure
ol this species; it is held in this genus pending electron microscopy
studies of it and of the type species, Thelohania giardi Henneguy.

Doubtful Thelohania Species

Additional species have been placed in the genus Thelohania that
are not accompanied by clear definitions concerning the enclosure of
spores in a pansporoblastic membrane. Others obviously do not even
represent species of the family. The former are listed here pending
verification of their ultrastructure through electron microscopy for
proper taxonomic placement, and the latter, indicated by an asterisk
™), are listed for reference.

*Thelohania acuta (Moniez, 1887) Schrader, 1914
*Thelohania apodem! Doby et al., 1963
Thelohania argyresthiae Issi and Lipa, 1968
Thelohania asterias Weiser, 1963a
*Phelohania baetica Kudo, 1923
Thelohania barbata Weiser, 1969 (nomen nudum)
Thelohania baweri Voronin, 1974
Thelohania brasiliensis Kudo, 1924c¢ {nomen nudum)
Thelohania breindli Weiser, 1946b
Thelohania cambari Sprague, 1950b
*Thelohania cepede Hesse, 19056
*Thelohania chaetogastris Schroder, 1909
*Thelohania cheimatobiae Kreig, 1956
*Thelohania chironomi Jirovee, 1940
“Thelohania cladocere (Pleiffer, 1895) Jirovec, 1936
Thelohania columbaczense Weiser, 1960
*Thelohania corethrae Schuberg and Rodriguez, 1915
Thelohania cyelopis Weiser, 1945
Thelohania dasychirae [ssi and Lipa, 1968
*Thelohania diazomz Kramer, 1965
*Thelohania disparis Timofejeva, 1956
*Thetohania ephestiae Mattes, 1928




*Thelohania
*Thelohania
1519

Thelohania

Thelohania
*Thelohaniu
“Thelohania
*Thelohania
“Thelohania
=“Thelahania
“Thelohania

Thelohania
~Thelohania
*Thelohania
“Thelohania

Thelohania
*Thelohana
*Thelohunia

Thelohania
*Thelohania
*Thelohania
~Thelohania
~Thelohamua
*Thelohania
“Thelohanio
“Thelohania
“Thelohania

Thelohania

in 1961

*Phelohania
“Thelohaniu

Thelohania

Andorson, . F
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erfogastri Weiser, 1857b
fibreta (Strickland, 1913) Debaisieux and Gastaldi,

grassii Missirvoli, 1929

heredeferia Buinheim, 1971
hesser Weiser, 1961
hyphantriae Weiser, 19583

Janus FHesse, 1903

mesnili Paillot, 1924

minor Georgdvilch, 1954

priiabilic Wudo, 1923

nana Kellen and Lindegren, 1969
ochridensis Georgévitch, 1952

ericola tAuerbach, 1910y Kudo, 1924¢
ninguis Hesse, 1903

ploectroencmiae Weiser, 1946a
pristiphorae Smirnoff, 1966

pyriformis Kudo, 1924¢

reniformis Kudo and Fletherington, 1922
rhithrogenae Weiser. 19468a

simidis Weiser. 1857a

tabani Gingrvich. 1965

thomsoni Keamer, 1861

tipulae Weissenberg, 1926

vandeli Poisson, 1934

ranessae Chovine. 1830

vartans tLoger, 183971 Dobaisieux, 1918
veliae Weiser, 19681 (=T veliae Poisson, 1929 of Weiser

virgtle (Moniez, 1887 Kudo, 1921a
weiseri Glinther., 1960

wurmi Weiser, 1946a
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