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ABSTRACT 

Tlwlolwl111clal' ram. n. j,.: l'l'l'ctl'd to inl'ludl' ANlllWW/lW gpn. n.. 
,·\.mhlYospo/'(l gl'n. 11 .. C'J/(/P/Il(//lilllll gl'n. n .. Cryptosporilla gpn. 11 .. 

flvczil/1l1t'Yl'ta gpn. 11 .• lll(lt/oSp(lrlls Oyprstn't't and \Vl'idl1('I', 
Pal'otll1'/"h!lllw ('Ocll'l'anll. P('NmClthe('(/ gl'n. n., Pilosporell(I gpn. n., 
8.\stC'1n::tn"11Cl gpn. n.. and Thc/oh(/l1ia Hpl1npguy. Spt'cit's p1'('vi­
(lusiy pl,H'l'd in tilt' gl'nlts Tlu'/ohmll(l arl' discussed and 13 new 
;';PPl'lP:' IAlIIhlynspora ({mphlpodol'. A. c(lllosa. A. hecll(llli, A. 
kha/wlull, A. m(~/I!lg('l/I1IS, Chapn/unilllll cirrifus, C'rypfosporinC/ 
hra (,J, v/Ila. llvul(II ocysta chapnw n i, Pa ra th clo/wn io ch alI/'(! sell sis. 
P"g'l/tlthcl'lI sllllll/n, Pl!osporcl/(/ c/wpmalli, P. {ishi, and Sys­
!t"los/rel/leI ta/Jmll' an' dl'sl'l'ilwd. TIw lWW classification is based on 
n\<lrpho!llglt'al ehal'aetl't'tstil's SPl'n in preparations made for the 
Itg-ht miero.'il'llpP and till' st'(mning and tt'ansmission el('ctrot1 micro­
,.:cop":,. Additional taxonomic critl'rin Hn' baspd on host-parasite 1'('­

latltll1shlps. :-;ynonymil's an' gin'n ('or prpviollsly describE'Cj species, 
and a thagnllstll' key is pnl\'idpcl for tlw sppanttion of g('lwra. 

INTRODUCTION 

Ih'nlwguy in H~'l1ltpguy and Thelohan I 1~92b) established the 
gt'lHlS Thdoilanw fM thrl'l' nt'\\' sppci('s IT. cOl!l(:il.'alli, T. {flareii, and 
T. ,J('tdSJWl'(li on tlw basis of tlwir hewing pight spores within an 
PIIVt'I(lpt' Th"lohan il~})2) pIncpd thi~ gl'l1uS in a nt'w family, 
(rIUgl'ldtH' I Glugf'icit't'SI, along with its tYPl' genus, GluNea Theloban 
r It\~)~I. both or wI11ch Ill' lwlip\'pd to han' spores pnclosed by an 
t'l1vl'lnpl'. 



Gurley (IH931 added T. macrocyslis to til(' gpnus Thc/olwnia. He 
niso lwlip\'l'd t1w l'l1\'piopp (pansporobiastic I11PI11branpl and tl1P 
nurnlll'l' of HporPH contnilWcl by it to be important sinc(' hl' t'rpatpd 
ullotlH'l' nt'w gl'IlUH, P/eistop/zor(l. ('or a Hppcips. P. typicalis, iuwing a 
\ariablp numb('r UCSPOl'l'H, but more than pight. dl'vP}oping within a 
llll'mbralH'. Ill' piacl'd both gPl1l'nt in llw Camily Glugeicial', Labbt' 
IIHB~)1 piun'd llll'HP t\\'o gl'IWl'H in till' ('amil,\' NO~i('maLidal' aCtpr wp­
prl'HHing Glugl'itim' by making Glilgeu a synonym of'Noscllw N~igpli 
I I H57l. 

Stl'lHfWII I Wmll did !lot eonHidpr tlw prl'Hl'IlCl' or absl't1l,p 0(' a 
pa nsporoblastll' nH'tl1 bral1l' i Illportan t a:o> u ra III ily eharnctpr. [{nllwr, 
Iw IISP(\ tlll' form and dl'\'l'lopnwnt of' \'l'gl'tatin' stagl's to c\l'tl'l'l\lI.IW 
['<tinily taxa, thl'rl'by t'rl'aling tlw family PIl'istrophoridul' ('or tilt' 
gl'tlu:o> 1'/I'/,';tll/l/lOr(l. n'Lalning till' family Nospnwticlm', which in­
l'lud('c\ TheIn/WI//(!, and !'l'Htol'ing t1H' rHI.nily Glugpiclal' ('or GIl/i,{('O, 

Ll'gl'l' and IlpS:-il' I I~)22 J n Iso iglHll'l'd till' punsporoblust ic ml'lll­
hranl' ('IWlnHing thl' sporl':-: uI'PI!'lstopllOJ'a und Tlte/olianio as \\'pH as 
till' \'('gl'latin' (\('\'l'lopnH'nt dl'serilH'd by St('ll1fwll \\'Iwn they pro­
pO:-iI,d a COlllph'll'ly IH'\\' cla:-::-:il'icHlion hnHPd soIl'ly on SPOrt' shapp. 
Thl'Y \\('rt' apPHl'l'ntIy so Imprl's:O>l'd with tl1(' difTprt'ncl';; in tlw 
,;hap(':-i of' t h(' SIHJI'(,s oj' tIll' IW\\' HPl'CIl':o> or ('()('COI/('II/(! and A1ro::.ekia 
thaI till'.' plut'l'd tlwlll in till' I'arnili('s Cot'tolH'lllidal' unci Mra­
I,l'kid<ll', llu\'lng spon's Hph('I'ical and rod shnpl'd, n'speetivply. Al;;o, 
tilt'.' phH'('d U/ug!'CI, X()sr' III 0 , P/('lstop/1ora, and apPul'('ntly 
Tltl'/uhufl/(/ in lh(' I'Hrnily Clugl'idal', n'pl'{'H('nting s~)(,l'il's with 
pvrilill'lll :-i1)(lrI'S. \\'p no\\' kno\\' that a eiaHsifieHtion bas('cI on sport' 
shapl' ,dotH', l'xc\uc\ing illlpol'lnnl t'rilt'ria such as sporogonic slng('s 
;tlld palh[lo)'ohl(lSlic llll'll1bran('s, cannol diagnosticnlly uCt:ommoclatl' 
lll(, In'llH'ndolts v<[I'Il'ty 0(' :-ifll'cil's known today. 

Kudo ,l~)~,kl u:O>l'c! a ('ombination or thl' c\ussillcatiun s,Vstl'I1lS of' 
Sll'llq)('ll and or L('gl'1' Hncl l/t's:o>l' as Ill' abo did not eonsidt'r tlw 
Pt1tl~p()l'f)blnslll' 1I11'll1hrUI1(' to Iw an imporlant l<lxonol1lie eharaett'r, 
ThIS l:-i S('('n in till' nwnnl'1' in which Iw handlpd til(' taxonomic 
pi <ll'l'Ill('nt or H ll1il'l'llsporiC\iulll cksl'rilwcl from till' mosquito Clilex 
plpil'lIS III/lIl'lIS Linn'H'uH. Kudo I I ~)201 f'irst nanlt'cl til(' Illierospor­
idllllll Thdo/wl/w Ilwgl/(/, bl'lil'\'ing it had only oetllnuciPall' sporonts 
gi \' i ng I'l~(' tl) ('Igh I SPOI'(,H not l'neloHl'C1 ina pa I1sporoblaHtie I1WIl1­

hl',lnt', Latl'r ( 1924(' and I ~)25bl, lw transf'l'ITl'd this SfWcil'H to till' 
g('llllS . ...,·[1·111)1['///(1 nrtl'1' stuclying aclclitionalinCeeled ll1osquito('s h(\\'­
Illg SptIl'Ol\lH with two, foul', Hix. Hilt! ('ight nUl'ki giving risp to two, 
lilliI', "ix, dnc! pighl ::;pon's. Ilnwrcl and I·'ukucla l1974) confirll1ed 
tlll'Ough ('Il·(,tl'un IllIl'l'OSl'Opy that S. Il/ogl/CI hUH no pansporobiusLic 
llll'mbl',lIll' sllrrounding llll' sport's. In his monograph on t.IH' mi­
nll:-ifllll'ldlil Kudo II ~12·k) rl'tailwd many s[H'cil's in lhp gt'nuH 
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3 REVIS[QN OF MICROSPORlDA 

TI2f?iohania having sporonts forming eight spores not enclosed 
within a pansporoblastic membrane. Weiser (1961) used essentially 
the same taxonomic criteria for Tlzelohania. 

Tuzet et al. (1971) 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 u pansporoblastic membrane, The family is not valid, how­
(.>vpr,because they did not derive its name from one of the genera 
included in t11P family. Our studies of the ultrastructure of species 
forri1Prly placed in the genus Th(llohuniu re\'eal that some of them 
rppt'l's~'nt sl'vpral new gent'ra and consequently a new family. The 
critNiu used to delineate our new genera and the new family are 
partly those used by Stempel! (nature of \'egetati\'e stages), Leger 
and Ht;'ssP (sport' shape), and Henneguy, Gurley, and Tuzet et al. 
(tlw panspol'oblastic membrane), However, we also used new infor­
mation from our electron microscopy studies concerning the ultra­
structurp or the sporonts. pansporoblasts, and spores. Thirteen new 
spt'cit's art' also dt'scribed, and a key for the separation of genera is 
prpsl'llted. 

METHODS 
Light Microscopy 

Giems~H;tained stnNlrs were prepared by smearing infected tissue 
on a micl'oscopp slide, ail' drying, fixing in 95~ methanol for 4 
minutes, staining with a 1:9 mixture of Giemsa and pH 7.41, buff­
l'red, distillpcl walpl' for 10 minutes, and rinsing with tapwater. 
Hei(lpnhain's-lwmatoxylin-stained wet smears were prepared by 
snll'arin~ infected tis~ue on a glass co\'erslip ancl immersing before 
c!I'ying in aqm'llus Bouin's fixatin' for 6 hours, washing in 70,]( 
t'thanol o\'prnight, mordanting in iron alum fol' 4 hours, staining 
with l-Ipidenhain's hematoxylin o\'ernight, destaining with iron 
alum to dt'sin'd intensity, and mounting on a microscope slide. To 
dl'termine infected host tissues, some specimens were fixed in Car­
noy's tluie!, ernl.)pdd~~d in paraffin, sectioned, stained with Heiden­
hain's lwmatoxylin, cOllnterstalned with Eosin Y, and covered with 
a glass co\'erslip sealed with Histoclad. Fresh and fixed spores were 
l11N1SUrpd with an A.E.l. Cook image-splitting micrometer at a 
magnification of 1,000 x, 

Scanning Electron Microscopy 

InfE'ctPCj InxY<w wen' either smeared in distilled water on glass­
l.'ll\'('rl'cl nwtnl spl'eiml'n stubs or smeared directly on the stub and 
flxl'd in tlw vapors of osmium tl'troxide. The stubs were placed in a 
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vaCUUlH ('vapol'atol', and llll' SP(H'CS coated with 200 to 300 A of gold 
at n vacuum of 2" 10 :. tort'. In some species, spor(;~ suspl'nsions were 
much' \\'om i nf'('ctp(\ laryCH'. Tht'se spores were fixed in 41( glutaral­
dehydl' 01' 11 ( oSll1ium ll'troxide or both in 0,1 M cacodylate bufTer, 
t\l'hydrc.lll'd in ethanol, and lH'ld in absolute ethanol oyprnlght. 
Spor"s \\'l'l'l' (\ispl'rsl'd on gh.l8s-co\'l'l'l,d mt'lal specinwn stubs and 
conkd with gold as abo\'t'. 

Transmission Electron Microscopy 

Small pil'l'l's \1 mlll:ll oj' inft'l't~'d spl'cinwns were fixed in 41'i 
gIU\tll',t\cil'\)ydl' in O. \ AI phosphat!:' 01' carod~'late burfer for either 
;f f.llllU·S at I'oom tl'mpl'ralUl'l' or (l\'ernighl at 8" C, then postfixed in 
l' ( osmiullI LI'll'Oxick. clPhyclrawd in <,thanol. and embedded in 
('I llll'r 1':Pllll ILu fl 1~)(1 \) or l':pon-Araldi tl' {Mollenhauer 19641. Sec­
t LOll:-> of' liOO to ~)OO X \\"t'1'l' slnilwcI \\'ith saturated aqueous uranyl 
,It'plal\', rollo\\'pd by lpad cilratl' t\Tpnable and Coggeshall 1965l. 
Phololll il'rogrnph::; \\'l'l'l' ta ken at un at:t:l'lc'ra ted \'01 tage of either 50 
or '/0 k\T. 

THELOHANIIDAE fam. n. 

Tlw famil:; l"epn'sl'nts ::;pecies having sporonts that, after three 
::;pol'l)gonic divisions, gin' risl' to eight uninucleate microspores (oc­
to::;porl'sl l'nclost'c\ by a pHnspol'obla::ltic membrane. Occasionally, a 
fl'\\' sponmts 0(' ,;onw species fail to complete the normal number of 
SPo['ogonic di\'isions, produt:ing macrospores (one, two. three, or four 
in numbl'l'J also l'nclllSl'cl by a pansporoblast1c membrane and often 
mixl'cl \\'ith normal micro::;pores. Microspores and macrospores have 
idl'lltical Ulll'tlslructures, differing only in size. The pansporoblastic 
llH'mbrant' ::;ul'rounding the spores may be persistent or subpersist­
,'nl. c\ppl'nding on specip::;, 

At tlw tinlP of nuckar dh'ision, the cytoplasm of the sporont di­
vides by endogenous budding and constricts around the daughter 
nuclei, gi\'ing thl' sporont a lobed appearance. The dividing sporonts 
::;pcrt'tp nwtabolic substances (extranuclear granules of Kudo, 1924al 
which art' dl'positl'd in the space between the lobed sporont and the 
pansporoblustic membrane. These metabolic substances can take the 
form of small gl'anules or larger crystalliform particles. During 
spol'ulation these particles are noticeably reduced in size and num­
bl'l' (1nd ina fE'w Rpecies disappear. At sporulation microtubules 
nn' forn1Pd (in some species) inside the pansporoblast surrounding 
till' sporoblasts. The microtubules are produced from proteinaceous 
l'xcpsses forming the outer layer (exospore of Vavra, 1966) of the 
sport' wal I and p('l'sist inside the panspol'oblast \ll1til the pansporo­
blastic mE:'lllbrnne ruptures. 
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80me specil's, in addition to producing octospores, hm'e another 
kind of sporogony, producing a \'ariable number (6-40) or spores that 
are binucleatl' and not enclosed by a pansporoblastic membrane 
(CrPt' sport's\. 'l'hissporogonic sequence usually develops in the adult 
femnit' h08t. Sporulation usually occurs in the oenocytes, reducing 
tlw fecundity and longevity of the female host, but not causing sud­
den denth. All of the sporont8, howe\'er, do not sporulate. Instead, 
tlwy inntdt, the ovaries, whcrc thcy divide and produce binucleate 
stages that pnter thl' ovurioles and latcr causc patent infections in 
t1w lurval progeny. 

Oct08pOrl'S usually produce gross symptomology Iwhite discolora­
tion of muscle. hl'patopancr~'as. or fat body) and mortality in young 
female or mal.e hosts or both (depending on the micl'osporidian 
spl'cil'S). Howpvel', fret' spon's associatpd with the transovarial se­
q Ul'ncp in adul t {'('mall' hosts do not producc gross symptomo10gy. 

Tht' spt~('il's of this {'am ily an' common parasitps of a variety of 
aquatic and st'miaqualic ilwertebrate animals. The type genus is 
Th('[olwlliu Hpnnpguy. 

KEY TO THE GENERA OF THELOHANIIDAE 

1, Polar ('i laml'nt abruptly constricts neal' the middle to form a 
much narrower distal portion. . . . . . . . . . . . . . . . . . . . . . . . .. 2 

1'. Polar filampnt of nearly uniform diameter from base to distal 
pnd or only gradually narrowing to the distal end ....... 7 

2, Octosporps lfrpsh or presel'\'ed) oval or oblong. . . .. ...... .. 3 
2'" ()l·to~por~~ (frpsh or pr~served) pyriform. . . . . . . . . . . . . . . . .. 4 
:3. OctospOl'PS fixed in aqueous Bouin's t1uid and stained with 

Hpiclenhain's hematoxylin have a constricted posterior 
Pilei .....•••...•.•... Parathelolwnia Codreanu. 1966 (p. 56) 

3'. Octospores fixed in aqueous Bouin's Ouid and stained with 
Hpielenhain's hematoxylin have one or both ends 
truncate; the posterior end is often somewhat 
ilwaginated ............ , ....... Amblyospora gen. n. (p. 9) 

4. 	Pansporob1asts fusiform; thp pansporoblastic membrane 
persistent, retaining the spores . .Chapmaniutn 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 Heiden hain's-hematoxylin-staineel smears; octospores 
broadly pyriform ............... Hyalinoc.vsta gen. n. (p. 52) 

5', 	Pansporob1astic membrane extremely difficult to observe in 
Bouin's-fixed and Heidenhain's-hematoxylin-stained 
stlwars 6 



6. 	Cytoplasm of sporonts not dividing until last nuclear division; 
parasites of decapod crustaceans ... Agmasoma gen. n. (p. 6) 

6'. 	Cytoplasm of sporonts partially dividing by endogenous 
budding with each nuclear di\'ision; parasites of 
insects ....................... Systenostrema gen. n. (p. 87) 

7 . Octospores subspherical or spherical 
Pilosporella gen. n. (p. 82) 

7'. Octospores oval or pyriform ............................. 8 
8. 	fresh lnonpreservcdl pansporoblasts filled with dense, 

ambt'r-colored crystallilonn particles, obscuring the spores; 
only one species known. this from an aquatic 
mite .......................... Cryptosporina gen. n. (p. 49) 

H'. 	 ["resh pansporoblasts not filled with dense crystalliform 
partieies; octospOl'~'S readily \'isible in pansporoblasts .... 9 

9. OdosporeH with four or five acicular appendages 
lnoclosporus Overstreet and Weidner, 1974 (p. 55) 

g'. Oetospon'H without acicular appendages .................. 10 
10. 	OctosPOl'l'S twal, with both ends equally rounded; parasites of 

blackl1y Larvae .................. Pegmatheca gen. n. lp. 79) 
10'. 	Octospores ovaloI' pyriform, with the posterior end more 

broadly oval than the anterior end; parasites of decapod 
crustaceans ............. Thelohania Henneguy, 1892 (p. 901 

AGMASOMA gen. n. 

Only one developmental sequence is known, ll1 which sporonts 
form octosport;'8. 

The pan8poroblasts are 8ubsphprical or oval and have a fragile 
pansporoblastic membrane that soon ruptures when dissected from 
host tiSSlIt'S, rpleasing small oval to pyriform spores (fig. 1l. Unlike 
the otlwr genera of' Thelohaniidae, cytoplasmic division in the spor­
onts is delayed, beginning only after the nuclei have made three 
diyisions forming octo nucleate pLasmodia. The ultrastructure of the 
octospores differs from that of the species of Theloha.nia in decapod 
crustacean8 by hadng a polar filament with a broad basal portion 
abruptly constricting to form a longer and mllch narrower distal end 
and by not h'wing a prominent lamellate polaroplast (fig. 3). The 
spore wall is smooth and without surface structure. Living octo­
spores are without a mllCOU8 envelope. 

Af[ma.soma 8hould perhaps be placed in a new family since it ap­
ppal's that thf> sporonts divide by a process much different from that 
in otlwr g(;'npra (i.p., not by cytosplasmic budding, fig. 2l. Also, these 
ll1icI'osporidia do not secl'ptp m0tabolic substances that form 
granules or ct'Y8taJliform particles as do the other members of the 
family. vVp do not erect another family here, however, because our 
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P;-'; 44fiO 

P:\"·11:11 

Ftl;: In ~ Sp(lndntltlg- sporont 111 A. {H'Il(l('1 p,ln»pnrohl!\st. , 22,3Q(). PM, 
panHp,ll'ob!a"tll' nwmbl'ullP; SW, ::;port' \\'all. 
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information came from electron photomicrographs of tissues taken 
[i'om a shrimp packed in ice [bI' many days, and this treatment may 
have produced abnormalities in the sporonts. We hope to make a 
sounder case for including Agmasoma 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 genlls Agm(LSOma, meaning "fragmenting 
body," rpf'erring to the type of' cyt(lplasmic division at the time of 
sporulation. The only known species of this genus is the type, A. 
pellaei (Sprague). 

Agmasoma penaei (Sprague, 1950) comb. n. 
Tlzelo/z(lIlw pell(l('i Sprague, 1950a, Occa:l. Pap. Mar. Lab. La. Stat!- Univ. 5: 4; 

Sprngl.H', 1965, J. Prlltowo!. 12: 66; Spl'aguL>, 1970. Am. Fish. Soc. Spec. Pub!. 5: 425; 
Spragl.1l· and COllt'h, 1971. J, Prlltozool. 1M: 530. 

Spore size.-Living octospores measure 4.0x2.2 ).Lm [6.0-7.0 
x3.5-!L2 ).Lm. macrosporesj (Sprague 1950a); 3.S2-5.25x2.33-3.34 
J.tm (authors\' 

Host.-Penaeus setiferus (Linnaeus}, a shrimp. collected in Florida 
and Louisiana. U.S.A. 

Infection site.-Reproductive organs. 

Lidng and preserved octospores are pyriform and have a small 
dsible v~lcuole in the broader posterior end (fig. 1), the vacuole 
appearing larger and being more prominent in Heidenhain's­
hpmatoxrlin-stained smears. The living spore has no mucous 
Pl1\'f:'!ope, 

The cytoplasm of the sporonts does not divide by budding, but in­
stead. by a delaypd aggregation of protoplasm after three nuclear 
divisions to form eight spores (fig. 21. During cytoplasmic division no 
metabolic products tgranules 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 {fig. 3) ha\'e a thin exospore, an abruptly constrict­
ing polar filament, and an indistinct polaroplast. The large basal 
portion of the polar filament if') unusually short, formi'ng only 2112. 
coils inside the spore, whereas the longer and narrower distal por­
tion forllls 6 coils. 

We know nothing of the host-parasite relationship or whether or 
not this microsporidium causes death of its hosts. We assume that 
fecunditr is reduced in female hosts since their reproductive glands 
are heavily infected. This microsporidium is not only unusual be­

http:3.S2-5.25x2.33-3.34
http:Spragl.1l
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caui:le of the method in which iti:l sporonts divide, but also bL'eaui:ll' 
sporonts de\'elop in the reproductive organs (a tii:li:lue not supporting 
sporonts producing octoi:lpon's in other specie8 of Thclohaniidael. 

CPF 

P~··t·15~ 

Fila In' 3,-Ultrnstructure of A, pPJI(lI!i octosporp. x 30,750. CPl", con::;tricted polnr 
filament. 

AMBLYOSPORA gen. n. 

Most, if' not all. i:lpecies of this genus are dimorphic and have two 
developmental i:lequences in their hosts: one only in immature males 
or in both immature males and females, producing octospores en­
cloi:led by a panspol'oblastic membrane; and another in adult 
female8, producing a variable number of free spores. 

The pansporoblasts are oyal. Living octospores are oval, having 
broadly rounded posterior ends and somewhat narrow anterior ends 
(fig. 311. Preserved with aqueous Bouin's fixative and stained with 
Heidenhain's hematoxylin, the octosporeE' are truncate on one or 
both ends, depending on the species (figs. 9, 12, and 33). The 
pansporoblastic Inembrane remains intact for a short time when 
remo\'ed 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
bla8tic membrane. These granules are readily discernible in trans­
mission electron photomicrographs (figs. 14,22. 28. and 36) and are 
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nbo pnltninent, in some species, in both Giemsa-stained and 
Hl'iciPnhain's-l1('mato~ylin-stained smears. The chromosomes in the 
dividing sporonts of this genus are also readily stained with 
i:[piciPnhain's hematoxylin in wet fixed smears, and the ease with 
which llwy car~ be obsern~d is characteristic of all Amblyospora 
sppcip:-; rfig. :Hl. Tlw octospores lU1\'e a thick exospore, a long polar 
rilttn1l'nl COI1Si:-;ling 0(' a bl'Oad basal portion abruptly constricting 
tWHr tlw middl(' to n narrow distal portion, and a prominent lamel­
lnu'd polnroplasL TIll' living nctospores of most species are covered 
by n mucous (,Iwt'lop(' (fig. 8), which is readily resolved in dilute 
tnella ink pnllHlrntion:-; (Lom and Va\TH, 1961 and 19631. 

Tlw lI11tilitHlcll'utl' sporonts associated wi.th female hosts and the 
lrnns()varial transmission of these microsporidia tu their host prog­
l'ny pnldut'(, 1'1'('(' spores (4 to 12 in number) which develop in oeno­
eyll's. Hr(' thin wallpd, and have a large prominent vacuole and a 
polar t'ilall1(lnt of' uniform diameter. We have seen great morphologi­
cal dtfT('l'(lllc('S in frpp SP()l'('S among adult female mosquito hosts. 
Fot' inslancp, Aedes punctor (Kirby) females have cylindrical spores 
dp\'('loping in tlw on1l'i('s: COC{llilletticiia. perturbalZs (Walkerl fe­
mall'::: lta\'p ('Iongalp sPOrt's d('\'l'loping in oenocytes; Culex salinar­
lItS ('oquill('tl ('l'males have' larger elongate spores developing in 
o('nocytp<,: Culiseta illlpatieng (Walker) females have spherical 
SPOl'PS df.'vploping in tlw o\'aries; and Psol'Ophora columbiae (Dyar 
and Knabl f('male's hu\'l' short oval spores developing in the ovaries. 
,[,hpst' IWW SfWcil'S an' not d('scribed here because we do not have 
In('orllwlion concprning tlw ultrastructure of the octospores in lar­
va£'. Wlwn nothing is known about the free spores associated with 
adult C(,ll1nlps, a specips can lw distinguished by the size of the octo­
spon's in lan'up, tl1P number of' coils of its polar tilament, the ratio of 
coi.ls l'ornwd by tlw broad basal portion of the polar. filament to its 
narl'l)Wl'r distal portion. and the pathology (benign 01' fatal) pro­
dll('pd in tlw host. Other characters often useful in distinguishing 
Sl)('('i('s HI'(' tlw shapp of fixed octospores (having one or both ends 
truncat('l and tlw tYP(l or metabolic products (granules, large or 
smull. 01' crystalli('orm pat,tides) secreted by sporonts. Even though 
WE' suspt'ct thut most Amb/yospora species are transmitted to their 
host only through the ovaries (Kellen et a!. 1965 and Chapman et ai. 
[9GG), we lwsitat(' lo describe new species without having some in­
formation conct'l'ning the llltrHstructure of either the octospores or 
I'rl't' sporl'S, \Vp pl'('sent six new species here, however, because we do 
hayl' inrol'mation conc(lt'rting the ultrastructure of octospores or be­
CH lISl' tlwy han' be(ln gi v(ln status as possible species by designation 
ns n sllbsppctPS 01' \'ari(lty by preceding authors, 

Thi::; gpnus rppl'('spnts a large number of closely related species 



11 HE\'!S!O:\ OF :\UCROSPORIDt\ 

known ('rom n lnrge \'uripty 0(' aquatic ilwt'rtebrate hosts such as 
nmphipod::;, blaekf1i~'s, cacidi::;flips, and mo::;quiloe::;. TIll' name 
AmhIYClSjlOl'C/ tl1l'ans "blunt sporE'," reCPITing to U1(' eharactl'ri::;lie 
;;hapl' or til(' OdO::;POi'P::; fixed in aqu('ou::; Bouin'::; fluid as Wt't smears 
and stailwd with Hpjcknhdin's hematoxylin. WE' designate Am.blyo­
S/HlJ'(l coiL/clI'lIl('(l (Kpllpn and Lipal as th(' typE' species sincl' mo\'(' is 
known cot1t'l'rn i ng both sporogonic ::;l'q uenees in this spE'cip::; tha n in 
tlll' () t hl' rs. 

Amblyospora amphipodae sp. n. 

Spot'(' sizp. Li\'lng octoSPot'PS IllPHSUt'l' 4.35-5,46x3.02-3.3H ,ltm; 
Sl1Spl'l,tPd ['n't' spon's llWtiSurl' ~)J)G-· 10.3" 3.55- 3.76 ,Ltn1. 

I Lost. ··C'nll/!frlJly;r ric/IIllol!c/l'lIsis Ellis, an nmphipoci. 
In fpet ion si tt' .·-Hppntopa \len'as. 
1[()lot~'p('.-S\\,Hmp (,HSt ofTrl'nton, FIn .. L'.S.A., on State Road 26, 

,Jnn. lH, 1m3, USNM No, 2·1377 {Hazard. Km'lI. and Oldacrel. 
PnratYPl'.--·PSNM No, 2·137H (I·lazard. Knl'IL and Oldncrel. 

Fn'sh octospot'('s arl' broad Iy ova I (fig. 4) and nre not surrou nded 
by a IllllCOUS l'n\'plopl'. TI1l' Odospo!(' [,ixed in Boui.n's fluid and 
slaltwd With Hpidl'nhain's Iwmaloxylin is t'qually truncate on both 
('nels n ncl sonwwhut im'agi natpd on the postl'rior ('nd (fig. 51. The 

I':-':·I-lii; 

[,'101 HF·\ Ft'l'::h "POl'i'" of AlHhiyosp()1'n Olllphl[lO(/W' sp. n. " 2.000. Fs. fn'p spol'e; 
Os, OclOSpOI'l'. 

http:3.55-3.76
http:4.35-5,46x3.02-3.3H
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p~: ";}, 

1-':1;' PI :; ollt'lclt'nhall1'~.h('Il1i1I()xyhn'''t(\lI1l'd lleto,;pOn'l' lind I'I'N' !lpOI'(':; orA, 
tlllll'IlIllOdflf', , :2,000. 

h\'ing :>pon':; Hu~p('ett'd or lwing ('n't' ~pOI'(,~ look sllp0r/iciaUy like 
till' spon':; of 8tclllfI!'llw IIwglla (spp Hazard and !"ukuda 1974) ion 
that till'.\' !U'P l'onil'orm t lig. ·1 I. 

TlH' lll'tOS[lOI't' has a \'l'ry thick t'ndos[lorl' and exospor0 and a large 
plliarnpln:;t c()n~l~ting or many tightly compressed lamellae (fig. 6). 
TIll' point" tilanwnt mnkus 9 coils inside> th0 spore: 31,~ to 4 coi.ls in 
til!' bl'ond bn:;al portion and 5 coiis in tht' narrow distal portion. The 
pOHtl'l'iol' pnd dop~ not collapsl' into tlw area of' the \'acuole as readily 
HS dt! (ltlH't' dp!'cie:; in prt'pHl'ati(}n~ of'tissue for electron microscopy. 
Tlw pllnsp(Jl'!lbla~t:; l'ontnin fl mixturE' of small and moderately large 
gTnnulp:;, thp:;t' ppr:;isting uftpr tIl(' SPOl'('S mature, at which time a 
lh\' tubulp:; can also ht, sepn. 

'I'll(' laq.{l' coni Corm SPOrt'S. ~ll::1pl'cted as b0ing ('re(' spores, have 
thin l'XOSpOrl'S; \'t'ry larg(' polaroplasts. con::1isting of many tightly 
comprpsspd Innll'llal'; and long, grael~Hllly lap('ring polar filaments. 
maklng twady ·10 col Is {lllany o\'prlappi ng coi Is in th(' posterior enell 
in";ldl' tlll' SPOI'P:; (lig. 71. '[11I:'s(' fl'o(' spor('s (?J are binucleate. 

'1'111' nnunals inCt'ct('e1 with octospores display gross symptoms 
Iwhitl::,h coloration or th0 iwpatopancreasl; howe\,('r. the e1iscolora­
tll1l1 is not ns !'\'id~'nt in tiH':H' animal::: ~IS are th(' Amb/yospora infec­
tHIns 1I1 aquatic imit'cts. Little is known conccl'l1ing host pathology, 
host-pnrasltl' rplnlionship, or pnra::1it(, biology. We have seen a 
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Flta IU 6. ~Cltrustl'tlct\lrl' of.A. (lIl!phl[lOc/(l(' octosP0l"('. " 22.500. Ex, ('xospor",; 8n. 
"nciospOl't·, 

"'Ita Hf 7··('ltrnstrllclut'l' orA. ampllljJoc/n<' fn'e spor('. x 12.000. PF. polar filament; 
Pp. polaroplast. 
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numbpr of species in a variety of amphipod sppcil's. this one named 
after the class of its host I Amphipoda t. 

Amblyospora belliglla (Kellen and 'VilIs. 1962) comb. n. 
Th"lllhWlI<l belllN!/(l Kpllt'n nnc! WIlls, H16~a. ,I In'Pl't Patlw[ '\: 55. Kt'llt'n l't nL. 

1~J65,.J hl\Pl'tl'bl' Path,,!. 7 161. WPISl'r. I~H)t1. :\ ..m"c'l hl1\\·:\I. p. ,I{)[\: Kl'lIPIl l'l nL. 
1%6,\..J [n\ (Ow'hl' t\lth"L H ;lii5 

Spot"(' sizp.-Living (lClllSPtlI't'S t1wast1\'p·k 15= n.05" :,U,g+ O.O~ ,tun; 

prpsPI'\'t'd oetosplll'PS llH'aSllrt' ·1.0:2 -lU14" ~,95::0,O:3 ,tUll, 

Host.--Cull'x apiccdls Acbnb, a mtlsquit{), ctlHeeted in California, 
LS,A, 

lnf'et'tion site,-Acltposp tissup of mal,' and {'('mall' larnll' (\\:('ll('n 
l't al. IH65 t, 

Nothing is knll\\'n of tlw sporogonic stagps in adult females or of 
till' ultrastruclul'l' 01' tl1l' octosporps, TnfpclPct male and female lan'ae 
suryi\'{' to b(,l'lItllP adult !l1osquiwps I Kl'lIPn pt al. 19651. We ha\'(' 
S('P1\ only Gil'll1sa-stninpc! spor<'s of this ~ppci('s: th('r('('orl', \\'(' tenta­
tivply pltll,t' it in Amblyosporct. ppnding study of mat('rial prl'par('d 
for Ikidpnllatn's lwtntHllxylin staining or t1l'\\' information from 
p Ipctrnn 11l1crOSl'OPY, 

Amblyospora bicortex (Baudoin, 1969) comb. n. 

Sport' SiZl', -Octo:;porps nwa:;Ul'e 7,5" 5.5 ,um. 
Host. -Phrygallca grane/ls Linnnpu:;, a caddisfly, collected In 

FnH1cP. 
tnCl'ction sitl'.-Acliposp tissll(' of larvae, 

Baudoin 1196Hl found only octospores associated with larvae of p, 
gralld/s. He dl'scribt's tht' octospores as having thick walls, The 
thick, bn:;al portion of the polar filament is easily obsen'ed in his 
photograph of extruded fresh spores, He clal ms to have seen the 
:;UtlW sp<,eips in Trichostegia minor fCul,tis]. mixed with another 
ThdolwlllCl spl'cies, (St'l' Amhlyospora trichostegiae.l In our opinion. 
tiwsp spon's rl'prl'sent two disti nct species in the two hosts, the 
smallt>l' "nd (wal spores in Tric/wslegia minor being the octospores 
of A. tl'lChOlitegiu(', 

This microsporidi 1I m was poorly prepared (perhaps improper spore 
fixutlOnl 1'01' elpctl'on microscopy. and only a few details can bE' seen 
in Baudoin's ~'lpctr()n photom.ierographs, The polaroplast and the 
thick t'xosporp is typical of Am blyospora, but the ultrastructure of 
tl1l' poltu' nInment cannot be r('sol\'pci. 
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\\'p plncl' this sppcips in thl' gPIlUS Amhiyospon1 based on the 
strlll'tUrp spen in Baudoin':; pll'ctron photomicrographs. B(,tter plpc­
trun photomicrographs and ndditional information concerning the 
frpt' "pon's \\'ill undollhtl'dly i\lustrntp ntlH'r dil'f't'n'neps. Nothing is 
known eoncl'l'ning host-parasitp relationship. 

Amblyospora bolillasae (Kellen and \Vills, 1962) comb. n. 
TI1l'l..h,,"IU /,rJi'!lf/S!lI' Kl'lh'll ilnd \\'t\l". l!Hi:!iI. ,I In,;Pl'! I'.llh"l ·1 ·I.s. I\pllt'n P! al.. 

I~l():i, ,I In\l'IWhl' I\ulhll 7 IHI. \\'PhPJ, Hlll{). X,'mOl'! hm.\/ll, l' ·\GO: \\\'I~l'r, I~l!ifl. 
An atla... 01 11I'l'l'! dl'P.ISPs. P :!:i·1 

SPIll'P :;i7.(,. --- Li \'ing octO:;Pllrt':; n1l'~lSU rl' G.~g:,: O.Ot' " ·LH5:,: 0.04 ,Lun: 

pn,:;pn'pci octOSPlll'l'S ll1l'tlS11 l'l' 5.70:,: 0.07 >; -1.45:': O.Ot' ,LUll. 

Host.---r\l'des sC[uomlgcr ICoquillPttJ. a mosquito, colll'ctt'C1 111 

Caltl'ornia, V.S.A. 
lnfpction :;itt'.--Opnocylt'S or malt> lnn'tw I Kp\lpn pt <II. 19G51. 

:'\othing is known or till' :;porogonic stngl'S in adult femal(l:; or of 
lhl' ultrn:;trllClUl'l' or tl1l' octOSP()L·PS. lnfpctpd mal(' lar\'al' die prior 
to pupation, From till' information we han' from Gipmsa-:;tuined 
"ml"ll's. \\'l' tentati\,ply plac(' this spl'cil's in A III blyosporo , ppnding 
aclcilt jonal 1\1 format ion frll m (' ieetron miero:;copy. 

Amblyospora bracteata (Strickland, 1913) comb. n. 
C;':.g,'" !>"tldnll" Stlwkl,\IId, 1f)I:l. ,I. :\\Ul'pblll. 2·!: flO. 
F, ..!,·ilclPIIl hrrlt't,'I/!cl n"b,\I"i"llX ancll!n:<tnlcli till part). lfllfl, La ('"lllIl!' :JO: 203; 

Klld., >Ill P,\I'!'. l!l:!·k. III 1I!1l1 :\\Ilnogr. n12 :!l: 1;;0; Fallthnm pI a1. till pnl't1. 1.941, 
f'al"lsllnlllg~·:l:l 2tl:!, W<'lSI')' II n PMli, Ifl·!7, 1'1' :\\orn\'sk(> Pri 1'. Spol. lil: ,12: Thomson 
111\ Pat'!', If}(i(l, ,J Insl'ct l';lthol 2: :357; WI'I",II' lin pnl'll, Hl61, MnnogL Angp\\,. En­
tomtll 17 12:\. :\laul',llld and ~\nllil'l" U1Gt-l, Ann Parn"llo\ Hlim. ('omp. 4:1: 7H. 

SPOl'l' sizl'.-P!'('sPl"\'pd t'?l octosporps nH'asure 3.0-2.5x 2.7 ~11l 

lSlrlekland 1913). 
Host.-SillWlilllll allr(,lIm Fril'S (=Simillillfll bracteatlllll of'Strick­

landl. a blackny. collect0d in Massachusetts, U.S.A., and in Canada. 
Inlh,tion site.-Adipmw tissue of lan'ue. 

Strickland {19131 dC'scrib('d til(' octm,pores as short elliptical 
bndll':;. sonwwhnt truncntp on t1w pnd:;. and his i ilustrations of t\wm 
art' typical or thl' '.lctospores of' Ambiyospora. Hp nal11(':; an addi­
tional host. SilllUliulIl hirtipes, but Lhis is not a nenrctic species, and 
according to StOnt' l't al. l H)651 it is tlw type spPeips of ProsimliliulII. 
\Vp havtl studipd tlw ultI'HstI"UCtllt"t' of octosPOI"PS of s('\'ernl Amblyo­
.~p(ll'Cl, not cl~lst'l'il)f'd 11('1'(', in blackl1i('8 from till' Southern United 
Statp:; and lind diagnostic dUTpn'nct's in pach form in each host 

http:3.0-2.5x
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species. 'We are reasonably sure, therefore. that the micl'osporiciia in 
tht> European blackf1ies of' Debaisipux and Gastaldi (1919) and 
Wl'i::'t'l' (1947.1961, and H)661 also n'prl'.:wnt new species of 
Amb/.\'ospora. OebaisiNlx. and Gastaldi and Weiser ga\'e the name 
T. brocteata to all or thp forms tht'y found in Simulium macillalu/n 
Meigen, S. ()c/zraceullZ CoquilLPtt, and S. l·eIWs.llllll Say. Lutz and 
Sp\enc\ol'l' (19041 described a rnicl'osporidillm from a Simuli/lln 
species in Brazil thai may also be' a new species of' Amblyospora; 
howP\'er, descriptions 0(' thpst' await nt'w studies of blacknies col­
ll'ct~\c1 in Brazil anci Europt', 

V~i\'l'a ( U)651 stuciiC'C1 tlw ult1'Ustl'llctur(' 0(' what h(' called T. brac­
{('(It(l, pl't'surnably ('ound in a SimuliulII spt'cies collect(·c\ in Czecho­
::ilovnkia. and Lit! et a1. (19711 and Liu and Dtwie~, \ 1972a, 1972b, and 
19731 stuclil'd tlw llitrustructul'P of' a species the.\' called T. braclcota 
in Simulium ('ittatuIII Zetterstecit collected in Ontario, Canada. In 
('neh CH~;P Llwy stuclied specil's that han' slructures (granules and 
tubules. thick walls, and abruptly constricting polar filamenls) 
chnL'Hetl'l'istic 0[' Ambiyospof'(!. but tlwn0 are not necessarily identi­
cal to T. bracfeata. Opscl'iptions of' new species f1'om our studies of 
Silnulicln collpetpci in l"lorida must also wait until the ultrastructure 
of' a neotypl' of A. bractealo from S. OUrellll! has been studied. 

Amblyospora cal~romica (Rellen and Lipa, 1960) comb. n. 

Tiw/nh(lI!/n miljill'lllt'Cl KI'II,'n and Lipa. 1960.•1. lnsl'ct Pnthol. 2: 1; Thomson, 
1%O••J. Ima'ct Pathol. 2: :157; Kl'lll'n and Will,;. 1962b. ,1. In8l'cl PathoL 4: 321; 1.((>1­
h'll nnd Will:;, U)()a, Pl'm'. 1:;t Int. (\l11gl'. Pl'Ot01.001.. p ••\90; Kudo and Daniels, 1963, 
.1. Pl'O(OZ(}ol. W: 112 120; 1('lIt'll l't al.. 1965,.1. In\·prtl'br. Pnthol. 7: 161: Kellen ct 
.11. t\lGHb. Exp. Plll'll"ilol. It': 251: \\'('ist'\'. 1966. Nl'moci hmy1.u, I). 460; Kellen ct nl.. 
IH(j(jil, ,1. In\·I·lwlll'. PnthoL ;~: ;)55; Chnpll1tln l't nl" 1967, Prot. N.•l. Mosq. Exll'rm. 
i\""O\·. ".~: fi·~·GO; Kudo. lH71. Protozoology. p. BIG; Khnliulin I\nd I\'l\l10V , 1971, 
P'll'!ll.llologl.\a 5: 100. 

Tlt,.{o!tullln !ljl<l<'/tn; \\\'I~l'r lin purtl. 19G1. :\{onogr. Ang(\w. Entomol. 17: 113. N('w 
"~'I\(lnymy. 

Xost'lI!a {/l1I(ltum K.<'llt'n l't HI.. 19G7. J, 1!wl'l'u,br. Puthol. 9: 22, Nt'w synonymy. 
T,,<,Eo/wnw sp. C\WPIl1H\1, 1966. llniv. "'n'. Bull. ,],·2: 37: T$nj lOt al .. 19G9, Mosq. 

>:('W'; 29: 103. 

Sp(Jl'e SiZl'.-Living octospores measUl'(' 6.8-10Ax5.0-6.5 fLm; pre­
served octospores measure 5.45-8.72 x 4.3-5.4 ,urn; Ii ving free spores 
measure 12.86:!:O.17x3.75:±O.05 fLm; prese1'ved free spores measure 
11.43:!:O.15>..3.70:t0.06 p.m. 

Host.-Cule.7 larsaLis CoquiLJett, a mosquito, collected in Califor­
nia, U.S.A. (KE'[lE'n and Lipa 1960); Louisiana, U.s.A. (Chapman et 
ai. 19671; Np\'ae!a, U.S.A. (Chapman 1966); ane! Utah, U.s.A. (Tsai 
l't al. lH6HI. 

fnfection site.-Octospores dew'lop in the oenocytes of male larvae 

http:12.86:!:O.17x3.75:�O.05
http:5.45-8.72
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! Kpllpn l't al. 1~H:i5), Whl'l'('a~ I"r('(' ~PlJl'(,~ c!p\'plop III Of'llot'yt('~ or 
adult rpmalt·s, can'ying sdllzonts \'in tlH' o\'at"i('~. 

Lj \'j ng ol'lospon's an' ~urr{lll ndl'd by a t Illck nHlC(lll~ ('11 \'{'Iopl' llig, 

01. ()etosporps Itxpc\ in aqlH'OU~ Bouin's l1uid n~ \\·('t SI11('HrS alld 
~tnilwel with Ilpi(lPnhai n's hpl1lutoxy lin art' ll'lI ncnt(' n Ilel ol)\'iously 
~onll'\\'hat ilwaginat('d (111 llwir postt'l'ior l'nd~ tlig. HI. Li\'ing I"n'(' 
~pon'~ art' ('Iongatl' and ('lIn'pd, hn\'p U di~tinl'l dark \'Hcuol(', and 
['p,HliI,\' l'xtt'\IClP liwil' polar f'i]allH'llt. According to Kt'llpll ('t al. 
I Hl67 I, tlll'Y an' binudt'utl'. 

TIll' (ll"lO~pOl't' has a thiek and rugos(' PXO~pOI'P, an abruptly con­
striding polul' f'ilanwnl. and a lal'gl' polal'opla~t consisting of'lightly 
cOlllpn'ss('c\ lanwllnp dig. Itll. Tlw polar [ilullwnt consists of' 12 coils, 
fi l'ol'l1wd by tlw broad bnsnl portion and '/ Cornll'd by thp narrow 
distal portion. Kudo and Danil']s I HH-j31 also studipd tlll' octosporl' 
ultras!ruetlll'(" but tlwir !'t'sldts wpn' poor, po;.;sibly owing to impro­
[WI' llxat ion. TIll' sporonts that pVPl1.tllnlly prodllcl' octo;.;porps HPcrpt(' 
c\{'osP grnnllllu' partielp~ that nggn'gatp in largl' clump;.; inHid(' t1w 
pan~p()r()bla;,;tic I1H'mbnllw I rig. 1ll, 'I'11(';';p tJwn di:.:npp('ar during 
sporulation. \\'p lwlip\'l' that thC';,;p granulp:, eontribut(' to tlw ('orma­
t10n ol'liw thick l'xospon'. 1\othing is known ,Jr' t\w ultrllstructllrp of' 
Crpp spnt'l';'; in adult ['c'malp;,;. 

P:-; II:,; 

Fll;! Hr f>. .Frl'sh octospores of' Ambl'yosp0rcl l'Oil/ilmH'C! t [{('li('n and Lipal in dilut(' 
md!!' Ink. " 1.000. ME, mucous ('nv('lop('. 
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1';>; 'l~;,h 

,Hl'lch'nluun'::-lwmatllxylll1-st,llnpd oetllspon':: of A, c(llilcmllc(l, x 2,000. 

1'1' ,I·lii!! 

Fll'\ HI· 10 Tltl'nHtructlll'l' or A c(rir/imIH'(1 \lct()~pOI'(·. x 17.100. CPr', cQnstricted 
polnr nIanwnt; N, nucleus. 
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/ 
PM 

1':-: ·1-16(1 

FI,,' In It Dlndlnl-: spornnt III .'\, culttil/'/w'u P'1ll5pOl'obln~l. x 4,1'00. PM, 
pnn:spnrllbli\:;lH,' llH'mbnllH'; MG, llh·tabolir 1-:1'11llUlC'fl. 

Inrpctt'C1 {'t'malt' hll'\'(ll' and adults do not show gross symptoms, 
an,el tlH'~' sun'j \'t' long t'nough to reproduct', passi ng tht' inJection to 
t\wlr pmgpny. TIH' sporonts in t1ws(' females rt'main dormant in the 
hptnolymph or [urnH', ilwuding opnocytps at or Ilear the time of pu­
pat lOll, TIH'sP stagps tlwn go through t'('PNt lpcI eli vision::;, fill i ng the 
hYPl'rt rophil'd blood C'l'lls wi th q uadri nuclPHtt' and bi nucleate spor­
onts I\(l'lkn l't al. 1967t, At sporulation till' oenocytes enlarge, be­
l'oming ~OO ~llll or more in dinn1Ptpl', nnd are filled with free spores. 
(kwspot'l,S ['orm only in male lan'ul', nll of which succumb to the 
1t11i.'ctllln in tlwit' last instnl'. 

Amblyospora callosa sp. n. 

SpOt'll sizl'. -Prpsl'1'\'pcl octospores nwasun' 2.33-2.92 x 2.07-2.49 
,urn: prpsprwcl "1'('(' SPOt'l'S nwaSUl'e 3.02-4.08x 1.64-2.60 fLll1. 

Host.~lVl(l{'()ph /lo /lll:lClllo t WalkerI, a cacldisf1y. 
Infpction sitt'.-Both Ol'tosPOt'(,s and f1'(,(' sporE'S dE'velop in the aeli­

POSl' tissup or \arY<H', 
llolntypt'. --Stl'pnm neat· lil'wngl' plant east of Belchertown, Mass., 

l'.S.A .. May 1(1, H)7~, l:SNM No, 24379 (Hall and Hazard). 
PnrntYPf', -l'SNiV{ No, 24380 I r'bll and Hazardl. 

http:1.64-2.60
http:2.07-2.49
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(ktnspo['l'S pn's('I"\'t,cI in aqul'ous Bouin's fluid as wpt smears arp 
Iwarly tl'lllH'Htp on both ('nels (fig. 1:!1. Tlw pansporoblastic mpln­
hWlH' that l'nl'l{)s('~ tlWlll is subpPl'sistent, but remains intact longer 
I han til\' l1H'mbralW in many otiwr spl'cips of Amblyospo]'Q. Con­
lIill,nt sport's, sttspl'l'tt'cl of' lwi ng frl't' sport's, \\'('rp fOLlIld mixed wi th 
octllsport's ill tIll' acliposp tissut' of H lal'va. \Vhpt!H'l' Ol' not t1H' COI1­

1t'1l1'1ll SPOl't's art' 1'1'('(' Sport's fl'om nnotlwl' Sp0l'ogonic spqut'ncp or this 
spl'('i('s lw,; yt'l to Ill' conlirnwd. \\"P do not know if tlll' oclospol'es 01' 
thl,.; SPl'l'j(,,; al'l' t'nclo~.;pd by a mucOlls el1\'l:'lopl' sinct' tht'se sport's 
11;1\'l' !lot 1)('('11 llbs('l'\'('d in dilutl' india ink. 

(ktOSPlll"l'S han' a thick l'XllSPOl"P, n somewhat lhilllwl' l'ndospol'P, 
and ;\ polar l'ilan1l'nt l'OI.1S\sting or 11 eoils dig, 13); flU' thick basal 
)llll'llOn of tIl!' j)oinr filnnll'nt I'tl1'l11S tlw first 5 coils and the narrow 
tlrst,ll PUI'llllll Conns (j coils. TIlt' pnnspol'l1blasts contnininv a divid­
Ing ,.pot'onl <11so ('ontain H ['('W largE', dl'nsl' ct'ystallif'ol'm particles 
,['i~, 111: h()\\"{'\'(,l'. ,tftPl' spontlat ion thl:'s(' lal'gp particles become 
"mall('r and 1l111l'h h,ss dl'nsl'. Tht' punsporoblasts are also packed 
\\Ith minull' gl'nl1l1h'8 that rill tlw an'H lwtwppl) the dividing sporont 
and till' pnnspol'oblastie nwmhram'. Tlws(' small granuiPs diminish, 
hO\\'('\'l'r. duri ng 8porlliat ion. 

Tilt' ::lIspPl'ted rrl'\' 8pOrE'S arE' vpry similar in ultrast.ructure to 
t llO.'i1' of A IIIblyospo/'u (1 mp}lIJlodae, bu t are much smaller, and the 
polar ntnnwnt is rnllch shorter, forming only 15 coil;.:; inside the 
"port' I fig. 1f) I. 

:\othing is known l'onl't'J'ning the biology of' this species or its 
host-p:It'H8itl' rdatlonship. Acc(lrding to thl:' pathology observed, we 
(hllbt if tlw host would sU\,Yl\'P lhp Inn'al stage, Thl' name ca,llosa 
nw:tns "hat'd skin." t'('Cprring to til(' sOIllE'what persistent pansporo­
hlasti,' nwmbrlllw. 

Amblyospora campbelli (Kellen and 'Vills, 1962) comb. n. 

Th..t"h" "/(1 ,wlll'iwllr ",p\lpn and Wdb, 1962a. ,1. Ins(>et Pnthol. 4: 51; K(>II£'11 ('t al.. 
Hlli:; .•1 lowt·t"br I'<\thn!. 7: LOI; \VPif;('I', IHGG. :\,pll1oci hmyzu, p. 460; Kelll'n rl aI., 
lmi\1i! .•1 hI \I' I'lt'b l' Pathol.~: ~lfi5, 

Sport' sizl'.-Li\·jng octospores measure 6.01±O.05x4.13±O.04 p.m; 
prPliPl'\'NI octosPOrt'S nwaSlirE' 5.47 ± 0.13 x 3.SS± 0.02 p.m. 

Hnst.-·CuUscta incidens (Thomsonl, a mosquito, collected In 

Califomhl, LS.A. 
Infection liilt'.~Adip()se tissm' of larvaE' (Kellen et al. 19651. 

\Vp know nothing of the ultrastructure of' this species or of the 
PxiSt\'l\l'P 01' f'rN' spores in adult fel~mles; therefore, we tentatively 
phlCP it In this gE'nus until it has bE'en studied by electron micros­

http:6.01�O.05x4.13�O.04
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FI\;;. IU 12. -lll'idf'nhnin',,-Iwmntoxylin-stninpd OCt(lSPOl'P:; orAmblyospora callosa sp. 
11. x 2,000. 

1"1.;1 HF l~t Cltl'llstl'urlur(' or k wllosa OctosP0l'C', x 22,500. 
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copy. According to Kellen et al. (1965) less than half of the progeny 
lan'ae acquin' patent infections, and they succumb during the 
fourth ::;tadium. 

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

Th ..{"h(lllW I1W'IIC(l CtlllC1(/CllS1S Wills Hnd B('HUdoin, U165, J. lm'crtcbr. Pathol. 7: 
II 

TJ'C t"h(1llltl I!lUtllcrr: BnIll',\' Pt nt., 1967. J, Im·(,!,tPbr. Pnthol. 9: 354, N('w 
,;y110 !\.\'my 

TIII·/o/wl/w nr fl/)(!('I/U Ancll'r:;un, 196f\, J. In\'('rtl'br, Pathol. 11: 451. Nt'w 
s,\'nonymy. 

Thl'l"hulIlCl 0pUCltor Fulton pt nL 1974. :'vlosq. Nt'w:; 34: 89. Nt'w synonymy. 
TIt,-tll/WllW :Ill· Chapman pt al.. 1966. J. I [1\'l'rtl'br. Pnthol. s: 453: Chapman et aI., 

IHI);'. Prot' N .•J. :'vlosl[. Extl'rm. Assoc. 54: 56: Chapman N aI.. 1969. Proc. N.J. Mosq, 
Ext"l'I\l -""SOl'. 56: :!05. 

SPOl'P SiZl'.-Li\'ing octospores measure 4.35-7.0x3.5 ,um (re­
ported he!'e), 5,42±0.09x4.19:±.:0.08 ,urn (Wills and Beaudoin 1965), 
6.36:!:0.03x4.64±O.03 ,urn (Chapman et al. 1966), 6.0±0.03x4.4 
± 0.03 ~(!11 (Anderson 1968 I; presen'ed octospores measure 5.48-4.92 

~..,,~(': 

1",,;ll!1 1·1 [)1\"Idwg :;poront In A. milosa pansporoblast. x 
p;-: ·\·16:1 

l~,OOO. MG. metabolic 
gl'lI11 u[('$. 

http:5.48-4.92
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Flm"RF lS.-l'llrnolrul'tlll'p of A. callosa frp{, ,;p0J'('. " 12.000. 

"4.48-4.92 fun (BaiI0,Y ('t a1. 1967), 5.3±O.ORx4.2±O.09,um (Ander­
,>on H)681. 

Host.-Aedes canadensis (Theobald), a mosquito. collected in Con­
necticut. ll.S.A. (Anderson 1968): Louisiana. U.S.A. (Chapman et a1. 
1966): Massachllst'tts. U.S.A. (reportl?d here); and Pennsylvania, 
er.S.A. (\Vills and B~'tHldoin 19651. 

In('ection sitt'.-Adipos0 tissue of larvae. 

Nothlllg is known about the sporonts or free spores in adult 
('emalt's. Octospores. fixed as wet smea rs wi th aq lIeous Bou in's flu id 
and $tail1l'd with Ht'iclenhain's hematoxylin, are usually truncate 
and somewhat invaginated at their posterior ends (fig. 161. The liv­
ing octospore is thinly covered by a mucous envelope that is dif'ficult 
to oost'r\'e in dilute india ink. 

TIll' ultrastructut't' of the octospore is similar to that of other 
species: howe\'e1'. the polar filament consists of 11 coils. only 3 
formed by the broader basal portion (fig. 171. The young pansporo­
blast contains many small, loose granules as well as scattered dense 
clumps 0(' granule::; (fig. lRl. 

Ali progt'ny malt' larvae become patently inft'cted and die during 
tlw last lan'al stadium (Chapman et a1. 1966l. We recognize it as a 
SPt'eips since \Vills and Beaudoin (1965) pt'oposc'd its uniqueness by 

http:4.48-4.92
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FW1"ltE 16.-Heidenhain's·hematoxylin-stained octospores of Amblyospora 
canadensis (Wills and BeaudoinL x 2,000. 
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Flm'R~: 17.-Ultrnstructure ofA. canadensis octospore. x 12,000. 



25 RL<;\'IS[OX OF :\IlCROSP()!{lDA 

l'~~ 'Hitl: 

FIl;lIH loS. ~[)I\'iding :'poro!1t in A. ("(111(1(/['11"1'< panliplIrobla:il. " 7,500. MG. 
nwtabo\il' grnnlllp:,. 

making it a subspecies of Amhlyospora illimica (Kellen and Wills 
19(2) and because our studies of its ultrastructure support this 
distinction. 

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

TIl['loh//lWl glgnnit'(l l\.l'lll'n and Will:i, 1962<1. J. ln~l'ct Pathol. ·1: 46: Kellen et aI., 
WHo••J \n<;Prtt'lw Pathol 7: 161; Wpi';cl'. 1966, XpmocI hmyzu. p. 460; Khalililin and 
["nnn\'. 1971. Paralltll\Oglyn 0: H;-;. 

Spore size.-Li\·ing octospores measure 8.10:±:0.06x5.48±0.04 /Lm; 
preserved nctospores measure 6.69:±: 0.07 x 5.IS:±: 0.20 /Lm. 

Host.-Clllex erythrotlwrax Dyar. a mosquito, collected in Califor­
nia. C.S.A. 

lnfection site.-Oenocytes of male larvae (Kellen et aI. 19651. 

Nothing is known of the sporogonic sequence in adult females or 
of tlw ultrastructure of the octospores in males. Male larvae suc­
cumb to i.nfection l Kellen et al. 19651. We tentatively place this 
species in the genus Amhlyospora. based on observations of sporonts 
nnd spnres in Giemsa-stained smears. 
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Amblyospora illimica (Kellen and Wills, 1962) comb. n. 
Thd"imflict /III/111m K,-lit'll .Hld Will,.. Hl62a, .1 In"pCl Pmhul '\ 53, \\'i11s and 

n..,wduill III {hln , l!Hi;;. ,1 Invprtt'br P;ltiloi '; 11. K('II('I\ l't uL. 1965, J IllH'ru'br. 
l',llh,,1 '; j({ t \\\·IS.. r. 1Hfi€i. :-;'1'tlhll'l hnl\/U, p ·!ljO, Kl·l1l'n Pt al.. 1966a, J Inwrl(.br 
l'.lth"l " ;l.1.1, ('haplTl,lI' .-1 ill, Hl{)H,.J !ml'rtt·br I'athul h' ·152; Chapman pt n1. 
1'lIi: 1'1"," >:.1 :\11I"q Extt'llll :h"m' ii·1 .1£). 1i.1I11'.1 ('t .11., lfHl7,.1 11l.\!'rtL'hr I'athul. 
'I .1.",1. ('h.lPl1hlll t'l ,l! . l!H;H. Pi'll(" X.l :\10"11 Ext('rm :\,."0(' 5(; 2UG 

n.. ;"iIlPIII: ~p ('!I.lllIHall. HHi{i l'llI\ :-.;,.\ Bull T 2 :37. '(',.at (·t al. HlGH, :\\O:il! 
'\ •.", :!!l lOa 

SPllrt' "IZ{, 1.1\ I ng oeto:;pol'P:; Illl'u:;url' 5.25 7,0" 3.5-5,25 J.Lm 
']I'[Hll'l!'d IWI'PI, 5.7:3 r o.<)() , ;3.B2+ ll.()·! J.Lm I Kl'llt'n and Will:; 1962a.l. 
illS, ()(l·1 • ,1..1 t· O'(J2 ~LlIt lChapman ('t al. W661: prescl"\'ed octo­
"'P'JI'l',.., 'l1l',lSUn' 5.·1:3 ~ lU)·1 ,,·1.1t1: 0.05 .um l i(pllpn and \Vills 1962a I. 

Ilo,..,l ('u/u;t'ta /l101'/1(1{(I I\\"illl:;tonl, a mosquito, collected in 
('.dlrOI'IlIa, (·'lol·ida. LOl1l:;lana, 0.'pnlcia. and Utah. U.S.A. 

Int'l't'lIOO Sit!'. :\citpos(' U:;SllP of' mall' and rpmale lun'He {KPllen 
l'l a I Hl()5. 

:-' ,1111'1'''; rix('d 1n "qU('ous BOllln's flu id ancl stai Iwd wi th Heiden­
hdlll·,. h«lllatoxyhn an' c1Hlral'tl'l'lstleally truncall'. usually on both 
"IHI" I rig [B:. Thl' I'xtranue!pur granulps arl' easily observed in 
'1 Ua <lnlllll'l('ul(' and ot'tol1uell'all' pan:;poroblasts pn~pared by the 
~.Ull" hl,.loillglL'al lHI,tIIIIe!. Abo. tlw Ii\'ing SPOI'P has a mucous covpr­
111~ that I" ,,;oIllP\'h,ll d,l'tkult to d('tl'cI in clilutp india ink, 

Till' ",ptll'tlnb ,,('cr!'l!' dl'nsl' granull's that e!ump. forming larg(> 
rll.t~""" ... t'.lltl'i'l,d throughout tlH' pansporoblast. Thpsp clumps or 
.;1.111111 .." b(,t'olll(' sllwlIl'r ancl 10:>(' tlll'ir cOlltinuity during spornla­
I illll Tit .. pillar rtlallll'nt filt'ms 10 coils insidp tl1(' spore, the first 5 or 
\\ llich ill.' IlUld(· by till' broad basal portion !lig. 201. 'I'll(' anterior 
kdl III t 111< POllll'Oplast L'olltain:; many lightly compn>l';sed parallel 
1.11Il1'1Iill' [[()\\I'I"('l', t Iw:;p IUllll'lIUP lwconw widply sl'parated and di­
1.!'1;';l'tlt In tlw po,.;tPI"iOl' half'. el'PHting cell-like arens. 

\\", 11.1\1' no Inl'onnatioll conc('rning t1w trans()\'arial stages in 
,1(11111 li'lllilks. According to K('lIpn pt a!. (19651. tl1(' patently i.n­
I"t'ke! luna!' dit' III thl'lr last instaL 

SlllHlll'r,. \ Ul7.HlI has I'pporlpd C'llll.'·!('la il/ornala also as the host of 
Pa"Clfllt'/o/!(1'1ll1 O/J«('lta I~A.mh/yCJsp()ro op([ci{a (Kudo I]. based sole­
h 'JIl till' ";Il(' of stnltwd S(lOI'l':;. \\'p do not understand how he could 
d,·t"1'1ll1111' It to hI' A, 1Ij1(1n/a. hO\\'('\'('r, ::;inc(' tlw ::;pore size range of 
. \ WI!l1lt1i 1" twar that orA. Clflc/cila. according to OUI' mcasuremcnts 
IPll\) hosl "1ll't'IIIlI'I1S t'llllpt'lPcI in "'Inl'ida and Louisiana. Simmers 
l",l,·d Ihl' nWHI1 SIZ(' <tnc! stundard I'nor or till' mean for A. opacila 
..,;t,lI11l'd ,,[>01'(':; as ·U)()·(),O(-h:U{O~O.O·1 J.L11l, which. according to 
IUIll. \\it:-. llot slgnll'inll1tly dirrt'rl'lll from till' SPOt'l''; Iw found in C. 

http:Inwrl(.br


'A~ 

.~~.~ 

~~'~ " . ~" . 

P:-; tln!1 

t' '. !" :..!!l l'!ll"SlrlIC!Ur£' ,,1':\ 11I1I11/<,a ol'tn:-'!Hll'p . " W,O()D 



;lllIn/(lI([, OUl' ll1l'a"UI't'Il11'lIl!' sho\\' that LIll' rang'l' 0(' sPOrt' sizl'. 
!'"dudlng nWlTo:;port'S. 0(' A. /lIllll/('(l and A. ol)(Iclfa is (j.1~J­

(il~,·!.;IH .1..11 pm and 5.:l5().~I'\'·Ll:3 5,O~ ,um. rl'sIH'eli\'cly. and 
th,lt ll1l'~t' I'angl'" !In'dup in both tIll' spun' ll'nglb anel width. l.t is 
abo llnpol'tallt to noll' that l\.t'lh'n pt a!. 11~)(j5) li;;t tlw ;;izl' or A, 
'III'II/ni "pot'l'" lakl'1l ('l'om larnll> in Calit'LJI'nin u::; (jA~::,:O,O,1 

,( ,11 'll,(l~ pill. \\'hi It> Chapman l't HI. I U)6(j) list thl' sizl' of' llw 
"pun'!' lit' thl' S<lI1H' Slll'l'il'::; rOllnd in Louisiana as 5,73::':0,06'-.. 
:\ H:2' () ll·1 ,um, Wt' hn\'p I'XHl1l1lWel a sliell' ISIU 00101 which 
:->llllnH'r~ el('PO!'ltl't! III till' ZUlllogy l{psl,at'l'h J\tU;;l'llll1 of'SoUtlWI'11 Ll­
llntl[" l'nl\('l'stty. and "t' l'onl'ludl' that tlH' larva USl'el to pn'pun' 
tilt,.. "ll<it' had probably Ingt'steel sporl':; frOlll tilt' rl'muins of' another 
llllt'('tP<i larY,\. \\"t, l'anH' to thi:;. l'oneiusion lWl'ausl' tlw stained 
,1111';11' t'lll.lUIllWtl many !IHll'(, dilltom::; than SPOl'L'S and no l11l'ronts or 
"pOl'llnts, 

Amblyospora keellan; sp, n, 

:->PIlI'I' "ll.t', 1.,1\1 ng lll'tllSPll!'l'S l11l'HSll n' 4,19- -1.79 x 2.76-3,23 ,um; 
pt"""'l'\l,d llt'tO:;'POI'P" llH'tlSlln' ~,7G· ~3.~9" L96-2A~) ,um; prcscn'ed 
l1lilLTl1"lllll'P:> Il1pasul'l' ~L~~(-i,l 0" ~A9 ,um. 

IllI"t ACc/t'olil.\'I(J S(jll(WllIWl/1/1;; 1Lynch Arl'ib.lbmga 1. a mosquito. 
Infl't'IIOJ1 ;;lll'.AdlP0:';P tisstIl, or Ia 1'\'tH' , 

TltJ}lItYPl',-Chagt'as Rl\'l't\ Cannl ZOlW. l'vlul'. 6, U173, USNM No. 
:2·1:1-" I ! Anthony. Hanlrd, nnd l\.Pl'nani. 

ParalYPl'':;, L'S~~1 ~o. 2·~;J~2; World Health Organization Hefer­
PIll't' ('l'lll('r, Ohio StHll' L'nin·rsity. Accession No. 1663 (Anthony, 
I [<lIard , and Kl'l'IHH11. 

:\d III t fl'l1utlp,:; ha \'l' not bt'l'n ('xu mi ned; then' fore, 110th ing is 
klWWll <lbout tl'<ln:iO\'arial tl'ttnslnis;;ion of infection in this species. 
LI\"lIlg oClllspon's hav(' no \'isible \'acuole, and they are surrounded 
h,v a tlun mucous l'n\·plopt'. Heidenhain's-hematoxylin-stained oc­
to,.,pOl'l'':; at'l' trunCall' only at their posterior ends (fig. 21l. Macro­
"'pn1't'S nl't' occasionally observed but are few in number. Infected 
hU'V<H' do not lWCOflW characteristically creamy white throughout 
tlw body; 1118tl'ad, tIll' infection is displayed in the cuticle as scat­
tpI'pd .U'l'US. giving tIll' Jar\'Hl' a spotted appearance, 

SpOI'onts s('crC'te gnlllltles into the vacant areas inside the pan­
~p(lrohln;-;tic nH'mbram'. Son1l' or these become clumped and fuse 
togPtlWl' to fm'm scatterNI large cry;-;talli('orm particles Ing. 22l. 
WI1l'1l tlw sport's (Ire fully formed. the lurgt' particles change consid­
prahl,\' ![) si7.P and Stl'lll'lUI'l'. most becominr much smaller and 
otl1\'t':;' disnpPl'nring. [t appears that most of the granules in the 
panspol'oblasts an' utilized in the formation of the thick exospore 
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F", !(':31 H,'ld,·nham',,·lwmatllx.vhn-stulIlPd OClll"POI'I'" Ill' Al1Ibly()~p()ra kf!!'IW/l1 

"p. n. " :3,000. 

/ 

P:\ 1-171 

FII" H~:3:! Spnnlblnsl:; In .. \ kl'I'JlUIlI panspol"obln:lL " 12,000. ~IG. metabolic 
p'anull's. 
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I [ig. 231. TIn' polar filan1Pnt of thi;; ~ppcit's is lll1ustinl, as its broad 
basal portion is \'t'ry long, forming 6 of tilt' H coils in the octosport> 
I lig. 24 I, 

Patl'lltly infpctl'C1 larnH' succumb. Ho\\'pvpr. wp do not know 
wlwtlwl' 01' not both Sl'Xl'S of Inn'at> arp in\'oln'd in thps(' patt'nt 
Int'l'l'tions. Finding thi;; SPPril':- in A. squalll/pellllis is \'pry impor­
tant, as this !1lllsquiw is also tilt: host of H Parat/zc/o/WlliCl speri!'s, 
TillS ell,tldy cll'monstl'atl's that tl1l' cl'itl'riu uSl'd to establish tlw new 
g('npnl PI'llPllS('d hl'l'l' an' stablt, morphological characll'rs and not 
struetunll changl's OlTUITtng in clifli.'rpnt host genpra becausp of 
hlOdwnlll'ul difTl't'l,tlcl'S among host unimals, We nan1l' lhis species 
nrtl'I' tvlurnn Kl'l'nan. who gun' mllch of his linw andl'nl'rgy lo help 
u::; SUI'\'P,\' I,u'gl' Illlmbl'I's of nHlsquiwl's for mosquito pathogt'ns dur­
Ing thl'l'(' t':qwcliUon;; into tlw jungh's. lakl's, and rin'rs or tlw Canal 
ZOtH' and Panama, 

Amblyospora khaliulini sp. n. 

rild"i"lI~i'l .'panla \.11 "/(11'1('11,'1,' Kh<lhubn 'lilt! h ,Illt)\, IH71, PlIl'Hl.llOlnglya 5: 
!l:-­

Ti,..i"h'I'.it! "PIlUft: \\"\'l~l'r 'Ill p.II'l', W47, 1'1' :'lm,<\\"K,' PHI'. Spo1. loS: :37; WPIH'I' 

qn ".lrt', UHlI, :-'lllnllgr :\ng('\\ Enlllllhil 17 ll~; WI'I~l'r 1111 P'Il'P, UJ6:k. Bull. 
\\' H () ~I- I~,l. \\'(,I~"J' 'Ill Pill't I, Ul6G. XI'Il1UCI hmyl.ll. p, ,15B; \\'1'151'1'. Ul6H. All atla,. 
III' 111",,('1 (h~l·""I'S. p ~·I·I X"" synonymy. 

p~ 11;2 
F."'I'f :!.l ,",plll'uinttng pnn~p\ll·tlhln5l orA. kt'('JU11lt. " ~().OOO, ML miCl'lltubul('H, 
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r,;.,.,·;., '0;,1 ~I' \"tlt-L Ul:.!ll. ·\Id. Pltltt~tl'llhdll 1~7, Kudll, H1:.!·k, III BlIIl 
~l"ll"';l ~l:.!:\ 1.")1-0, \\'dt'l\. HII;!I,.1 lll~l"'{ Pathul :.!. :1:-,7. Chapman l'l aL H17;), 
'\l .. ~q \"\\' ;l;! Ili;. 

~Plll'l' ::;llt'. Llnng Ol'lo::;pon'::; n1l'(\::;ul'(' G,l)i) 1.:2G ,.1.:2 .I.~ ,um 
Khahul1n and hatHl\ nl'j'll, i).G 1""" ~L·I ;").;l ~lln I \\'t,leh 19601. 

7,W·(lI';";).;")£1+0.Hl,ull\ ,Chapman l't "I. I~J'j':ll, 

(In::;t ,A('(/('I> c>t)l1111l1itlll> I [kGt'!'!"1 I ,. Aedes l/eJl/Ol'OSIIS 01' 1\1ill('1' 
n)~o and \\"1'1::;('1' HI.17l, a mo:;quiLO, l'oll('etl'd Itt i\laniloba, Canada: 
{"~I'elHl:'\ll\ ltkw; Ct'I'!l1<ll1Y: A b:-;ktt it nd i\ln:;::;al'h U:;l't t::;. t' ,S.A,: und 
)'larl. l' .S,SR 

lnll'clwll ::;ltl' Hl·tno\ymph <lnd adl!lo:;t' ti::;:;u(' or \~lI'\"lIl·. 
TlO\lllnW \\":ntl'l' pool Iwal' South Dl'l'r!'i\'ld. Ma::;:-; .. l',S,A .. May 

1·1. U17~. l'S.:\'Sl Xu, ~·!:JH:ll Hall and HUI.<ll'ch, 
l\u\tt.\pl'::;, t'S);:'l ~tl, :2·I:lt)·I: World lip(llth Orgnnil.<1tion ({l'l'l'l'­

('lH'p ('('tHN, Ohio ~LHt(' l'IlI\'('l'Hly, Al'l'(':-;sion :'\0, 16G5 (Hall unci 
11<11.<\rd t. 

Onl,\ tlw ;o;pOJ'Ogllntl' ~('qUl'l1l'(, prudul'i ng lll'lo;.;pOl'(':-; I::; known in 
thl~ ";pl·t'lt'~ tklO:'POl'l':; l.ixl'd in nqllt'llu:-; BOllin's fluid n;.; \\l't ;.;meal':; 
'lInl ,.;t.ulwd \\11h Hl'I(h'nhaln'::; ]wmnlllxylin iln' Ol'tl'l1 trunl'ntl' at 
bllth f'nd,.;, till' PI):-;ll'I'Hl1' pm\;.; alway,.; Iwing ;';llnwwhat in\'aginal{'d 



tiig. 2n 1, LI\'lng Ol·tosporps wpre not l'xamineci for the prpsencl' of a 
nlUCOUS l'n\'plopp. 

T\1(' llltra~;tl'lll'lltn' of till' lll'tOSPOl'l'S or this spt-cil's (fig. 26) is VPI'Y 
:m11l1ur to that of A. ('(l/I/ClI'lIlC(I, tlw only difl'l'l'l"nCl' lwing in the 
llull1lwr 01' coils COl'l11l'd by L\w broad basal portion of t Ill' polar lila­
!1H'nt lSI:! in this spl't'il's and -P:! in A. calijcJI'llic(l), 1'lw sporonts con­
tai n [argt' \,tH.'uolntpd aggrl'gatt's of granu Ips, most 0(' wh ich disap­
~ll'ar dut'ing sporulation. 

Pnti'ntly infpctpd lun'tlP ::;uCl'umb during tlw last stadium: how­
('YPI', Wl' do not kno\\' wi1l'tlwl' Ol' nOt spol'ulation OCCUI'S in both sexes 
01' hu'nH'. \Yp nanw this Slll'cil's aftt'1' G, L, Khaliulin of tlw Soviet 
l'l1lOtl who, along with [n1l1O\', atwmpwd to distinguish it from 
lltlH'1' SPL'l'll'S by making it tI nlril'ty of The/vilonia opacila. 

Amblyospora lairdi (Weiser, 1965) comb. n. 
l'h,';.. iIWUtl flllnfl \\',,!wr UHi:i, Zoul AnI 17;1 ::.l:l::.l, \\'Plti['r, 19G(l, 1\'Plllocl hmYLll, 

l' ·1;1::.l Baud01n, IHli\!, f'lIIllStlllugl\'<\ :; .,.j I. W"I""'I'. HlHH. An Ullil~ of In;;pCl dl:il'usP"" 
I' ::.lIt 

SpUl'l' ~lZl'. ~-Li\'ing ()l'to;=;pon'~ I11l'HSUl'P 4.0-,l,5x3,O-4.0 J.Ll11 

! W(lisP!' l%fil, G.O .t1.f'i" '\'.0 J.Lt11 (\\'ei;=;Pl' 1966), 
Ho~l. "P()lyc(,lIlmp/l,~' jlCZ['oll!czt'ulalu s Pidet. a caddisf1y. coll(lcted 

!l1 Czel'hll~lonlkia. 

Lr'l!,pclion ~itl',~~Aclipos(l tissup of lat'\'tH'. 

\\\'i~p~ t U)65) mah's no nwntion of u sporogonic sequence in adult 
rpmalt';=; or llt' fh'p spon';=;. Hp dl:'scribps the chromosomes in sporonts 
pl'odul'll1g llelosporl's as lwing prominent in stained preparations 
and l'l'mark;=; that LIlt' octosporf:;'s art' broadly egg-shaped. with a 
promllit'nt lpns-shaped \'acuole, Ht ah;o reports that these spores are' 
sUl'l'oundpc\ by a mucou;=; (>l1\'plopp (gelatinous capsule of \Veiserl. 

No studies haw' bt,'en mack of' the ultrastructure of' this species, 
but W('iser's illustrations 0[' sporon ts and spores and his detai led ac­
eOllnt an' sufTicit'nt to place it in this genus. 

Amb(vospora milluta (Kudo, 1924) comb. n. 

Thein/lIlIIlt! "HII/I/Il I(\ldo. UJ2.k, lll, BlUt ~I!lnugl', 912,31: 163: Kudo. 1925n, Zt'n­
tl'.llhl Bnkt"l'\n! Pnra;;lll'nkcL Inl,'ktllln:'lkr Hn~, Aht. I. Ong", 96: 437: \\'Pi:;(,I', 1947. 
PI' :\!llrmskl' Pl'ir Spul 11'>: :37, Thomsun. 1960. J. Lmicct Pnthol. 2; 359: WpI:;('I'. 
l!lIll. :\!lIllng'r Angl'w EnttlllH11 17 Ill, \\'l'lti{~I'. HJ66. Nl'l11oci hmYZlI. p. 452: Fulton 
,'t ai, U1';-,I, ,\!0"11 ;\'l'W~ :14: ~m. 

1'~ ..t'o/l!ll/l!I rotundo K\!do, lH::.l4c. [II, Blu1. :\[onogl'. 912 aI: 162; Kudo, 1925n. Z('I1­
lr.llhl 1.l.1kll'l'wi Parn:;ltl'nkd fnfl'ktlonskr. Hyg, Abt. 1. Ol'lg, 96: 435; Wpi:;(ll'. 1947. 
PI' :\!nn\\,;kl' p;'1.' Spol. 1~: 36; Thom~on. 1960, J. insect Pnthol. 2: 361; \\-\'!8('I'. LH61, 
MOlUlg'!' Angl'lI' Ellwl1Iol 17 Ill; Wl'illl'l', 1966. Nel110ci hmyzu. p. 452. Nell' 
svntlnymy 
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F\I.lIU ::W ··l'!ll'ustrm:lul'l' oI'A. klwlllilllll octospot:P. X 16,000. 
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Thd"hullltI :ip. Chapman t't nl. H16';' , Proc ~.J. M\l~q. Exlt'I'm. Assoc. 54: 56; 
('h,lpmill1 l't al • 19(1~1. Prut' N.J. ~Io;;q. Extl'1'l1l A,,:;oc. 56: 205. 

SPOl"l' ~iz.l'.·-Pt'('8t'l'\'pd o\'al octospores measure 2.5-3,5x 1.5-2.0 
J.tm (Kudo 1924c1; prpspn'ed subsphl'l'ical oclospon's measure 2.5­
3.lh2.3·2,7,um (Kudo 1924c); li\'ing frel' sport's avpragl' 4.6~A2,37 
It III (l'{'portt'cI hel'('I, 

Host. ··"Cull'x ('rrutH'US I Dyal' and Knabl (=Culex {eprincei of 
Kudol, a lllosquit,J, coll('ctecl in Florida t reported here), Georgia 
IKudo 1H24cl, and Louisiana (Chapman et al. 1967 and 1969), 
l'.S.A. 

Inlh'Llon sitl',-Octo8pores d('\'elop in the adipose tissue orlan'ae. 

(h'ul octospOl'E'S :;tainecl with Hpid~'nl:lain's hematoxylin in fixed 
wpt snwat's art' l'qually tl'lll1catP at both pnels {fig. 271. These octo· 
~porl'S lUn'e not bepn t'xamined for the pl'l'sence or absence of tnUC­

Uti:; pn\·t'lopL's. Wp han' spen a fpw oblong spores in adult females, 
which WP b~'1 it'\'l' to bp fn't' spores, 

The :;pOl'onts spcrptl' largp granules of uniform size, some ag­
gn'gating to form a fE'\\" larger particles (fig. 281. These mostly dis­
apppar nflPr tllt' :;pon'8 are fully cle\'plopecl. The octospore has a 
short polar filnment consisting of on1y 4 coils, 21,:! of which are 

'\.- . 
_.; ifl ...,".·.• _ • 

, ' .­....j'l.- '.... 
•

19<# • 
.jj " , ; 

~.& .. •••••

• If. ~.'...••• " 

P;-':·j·j76 

Fh.lltl' '27, - Hl)ldl'ohnll1's-hemntOxylin-stllincd octosporcs of Amblyospora milluta 
(Kudo!. x 2,000. 



35 RE\'IS[OX OF :o.UCROSP()RIDA 
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,,'\ 11~7 

F" !';:!>- :->p"l'o['I.1"('; III A "wwttl Ihln"rH)rnbla"t. ' lO.l1()(). :VIG. nwtnbolic 
gr,ll\uh,s; P:o.I. P,Hlspurllbla"tK n1l'mbl'lllU' 

p~ I t7~ 

!'u,: Hr ·.!~l l'ltl'a,;tl'\!\'t\ln' "fA II!IJWtcz llcto~pOrl'. x 30.000. 

.3 
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ltlrtl1l'd h\ till' hroad basal portion dig, 2~)1. Tht' ultrastructure' of 
.... llb"'pllPl·ll·<t1 {)clo,.;porl'''; l'ould not Ill' 1'['so"'pd sinC'P all of these 
"IHllt·'" apPt',u'l'd to hI' alll'I'I'unl. );()thin,~ i;; known of tlw ultrastruc­
t Itl'!' ,,[, ";(1(\rol1t,.; or ('n'l' ,.;pon's in adult t'I,tHull'S, 

Till'> l11lCl'O";P0l'ldlUlil lIsually prodUl'P" Ill'nign inf'pc:tions in lan'up 
\\ \It'll Dill\" l;;olatC'd rat lnlws an' 111\'acll'c! by till' parasiLl', Ho\\'p\'pl', 

""mt' lan'al' prohahly succumb tll disl'asp \\'11('n tlw inl'N·tion is morp 
1"dpl\"l\ {' '1'111,.; ";PI'CII'S \,.; unusll.nl bl'CHU"P it has alwrrnnt subsplwr­
Ical ')I.'lo"[1on·'" ;I" \\ I,ll a,.; l1ol'tllnl ()\'al octO";POrt',.;, Kudo (lH24e and 
I~)~.l.IJ bl'lil'\I,t1 lhl';ip t \\0 I) ,ll'S lIr "POl'l'" l'l'prpsl'ntt'd t\\'o distinct 

"1'1'('1",.;; I1m\',,\ l't'. WI' com 111011 I", Ii ltd tl\'td and subsplwric(1 I spores 
tlll\.t'd lllgl'llll'l' III till' S,tll\(' pan,.;poroblasls, 

Amblyospora mOjlllgellS1S sp. n. 

~J11l t'l' ,.; Ill', Pl'l'SPl'\'l'd oetllspOl'l'S n1l'<lSUl'l' 2,6-3.5 x 2.4-2.6 M m; 
pn''';t'['\l'd 1I\,Il'l'OSPllt'l'''; 1l1('<tSllrl' :3,7 --LI1" 2.H-3,3 Mm, 

Iltl"t. Alltlpht'lt':; l'lS('I// Coquilll'tt. a mosquito, 
Inl'l'l'ltOll ,;itl'> :\diposl' ti"sut' ol'lul"\'uP, 
I [olnt,\p\' :'lojlngn ~\\'alllp. Canul Zonp, June 14, 1973, USNM 

:\n ~nS;) 1:\nlhllI1Y and Hazardl. 
I\U';lt,"lW:-;, l·~:-\:-'l ;-\0. 24:3H6: \Yodd Hpulth Organization RE'fE'r-

P;'; ",\,179 

f:,;' fH ao Hplc!pnhnm's-Iwmntoxylin-stnined octospores ofAmblyospora 
I)HUl!lg('II.~I,~ sp, n, " 2,000, 

http:I~)~.l.IJ
http:unusll.nl


37 RI~VlSlON OF MLCROSPORlDA 

ence Center, Ohio SLate University, Accession No. 1657 (Anthony 
and Hnzardl. 

Only the sporogonic sequence producing octospores is known. Oc­
tospores f"ixed in aqueous BOllin's fluid and stained with Heiden­
hain's hematoxylin are truncate only at the posterior end, appearing 
morp invaginated that truncate (fig. 30l. Macrospores, however, 
stained in the same way often appear truncate at both ends, with a 
less obviously ilwaginated posterior end. The octospores were not 
examinf.'d in dilutf.' india ink Cor the presence or absence of a mllCOUS 
em'plopf.'. 

OctosPOl"f'S IU1\'e a thick, rugose exospore, a polar filament with a 
broad basal portion abruptly constricting beyond its middle to form 
a short narrow distal portion, and a prominent lamellat.ed polarplast 
({-lg.311 The polar filament 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 of Anopheles, a 
gt'nus previously known only as a host of Parathelohania. It is 
named after the Mojinga Swamp near the eastern coast of the Canal 
Zonf:', wlwre the infected host Larva was collected. 

Flta'RF 31.~l'llrastl'ucLurE' orA. lIlojillgensis octospOl'c. x 22.800. 

http:lamellat.ed
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Amblyospora TZoxia (Kellen and Wills, 1962) comb. n. 
7'hl?/ohallw IIClXUI Kellen and Wills, 1962a, J. lm;ect PathoL 4: 49; Kellen et aI., 

1965. J. In\·ertebr. Pathol. 7: 161: Weiser. 1966. Xemoci hrnyzu, p. 460. 

Spore size.-Living octospores measure 6.58±O.07x4.47±O.04 ftm; 
preserved octospores measure 5.34±0.02x4.04±0.01 ftIn. 

Host.-Culex thriambus Dyar, a mosquito, collected in California, 
U.S.A. 

lnfection site. -Oenocytes and adipose tissue of male and female 
larvae (Kellen et a1. 19651. 

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 instal'. Because we have seen 
Giemsa-stained smears of sporonts and spores which appear typical 
of Amblyospora. we tentatively place the species in this genus. 

Amblyospora opacita (Kudo, 1922) comb. n. 

7'Jwioizallia opacila Kudo, 1922. J. Parasitol. S: 75: Kudo. 1924b. J. Parasitol. 11: 
8-1; Kudo. 192·Ic.lll. BioI. ~[vnogr. 9 (2-31: \.59: Weiser lin part). 1947, Pl'. Moravske 
Pi·ir. Spot 18: 37: Poisson. 1953, ill Traite de zoologic (P. P. Grasse'. ed.). p. 1063; 
Kl'llen and Lipa. [960. J. Insect Pathol. 2: 7; Thomson. 1960. J. Insect Pathol. 2: 360; 
Wei,;!;'r \ in pattI. 1961. 1I1onogr. Ange\\'. Entomo1. 17:112; Weiser (in part). 1966, 
Nern(lCi hrnyzu. p. 459: Chapman et al.. 1966. J. Im·ertebr. Pathol. 8: 453: Anderson. 
[96~. ,j Inwl'tebl'. Pathol.!I: 442; Kudo. 1971. Protozoology, p. 816; Khaliulin and 
h'anov. W7l. Parazitologiya 5: 99. 

Purnthe/l)holllu 0po('ilo: Simmers. 1974b. Trans. [\\. State Acad. Sci. 67: 17; Sim­
flit'!':;. 1974c. ,I. Para:;itol. 60: 721. 

Th1!/(}hoJllo npncilor Fulton et al.. [974. Mosq. News 34: 89. New synonymy. 
Theio/wuia ;;p. Chapman et al.. 1967. Proc. N.J. Mosq. Exterm. Assoc. 54: 56; 

Chapman cl al.. 196B. Proc. N.J. Mosq. Exterm. Assoc. 56: 205. 

Spore slze.-Living octospores measure 5.5-6.0x 3.5-4.0 ftm and 
macros pores measure 8.0-S.5x4.5-5.5 ftm (Kudo 1922); living octo­
spores measure 5.S3±O.09x4.19±O.03 ftm (Chapman et a1. 1966), 
5.9±O.03x4.1±O.03 ftm tAnderson 19681. 

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

Infection site.-Adipose tissue of larvae. 

We have not seen the tran. Narial stages or the free spores in 
adult females, The living octospOl:e is oval, having the posterior end 
more broadly rounded than the anterior end (fig. 32), and has a 

http:5.9�O.03x4.1�O.03
http:5.S3�O.09x4.19�O.03
http:5.5-6.0x
http:5.34�0.02x4.04�0.01
http:6.58�O.07x4.47�O.04
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PN-'-l481 

FIOl'IW 32.-Fn'sh octospores of Amblyospora opacita (Kudol. 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 thei.r posterior ends, which are also somewhat invaginated (fig. 
33l. In these fixed and stained preparations the granules in the 
pansporoblasts are 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 vI' the polar filament, 3\12 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. 
19661. 

Weiser 11966) reported Aedes annulipes (Meigen), A. sticticus 
(i'vleigen), A. vexans (Meigen), and Culiseta annulata (Schrank) as 
hosts of A. opacita. And Tour et aI. (1971) reported the larvae of 
Aedes caspius (Pallas) and A. detritus (Haliday) as additional hosts 
of Amblyospora opacita. Weiser and Tour et aI. obviously listed 
these additional hosts because diagnostic differences in octospores in 
host lai'vae are difficult, if not nearly impos~ible, to resolve under 
tIl(' light microscope. We believe the microsporidia in these hosts 
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p:\ ,I JH:! 

Fll,' fU :la. -Hpld('nhatn',,-h\'nHllox~'lin-:itained sporonts and octospores of A opacita. 

" 2,000. 

P:-; ·1·11;;) 

FHinU' ~1·1 ·_.Hl'ldpnhaln's-IH'll1atll.'(ylin-stained sporont;; of A. o/)lIClta, showing 
chrOllHl$()llWS nnd nuclear citvision. x 2,000. 
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I:II.! Hh:W p,ln"por"hhl,;t of A. 0/1(1('11(/. ,;hO\\'In;:: ;;pol'obla"t" nnd ll1l'lnbnlic 
gt'nnuh'::" 
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n'prl'sl'nt nt'w spt'eil'~ or Amhlyospo"(l, and \\'P an' tlwrefore rpluc­
tunl to list tlWll1 as hosts of' A. ojJocita until t1w ultrastructure of' 
thl'sl' [(H'mS has bppn stllciipd. 

In his original d('scription or A, o/ul('ilo; Kudo 11922) reported its 
host as Cull'x ClIJlcall.'i, a mosquito rpstl'ictpcl to til(' SOllthwl'iltern 
lTnltl'd Statl's. Kudo InciudNI an illustration or tlw host Inn'up in 
till' Ul'iginal (kst'I'iption that is morphologically similar to Clllex 1(',.­
ntCll/s Walkpl" wbieh IS a common mosquito in tlw pastl'rt1 half of' 
tIll' l' nitl'd Statl's, Lall'r, K.uclo I 192·lel rl'f('l'l'pd to tlw host as Culex 
t('stu('('us, an ilwalid mosqlllto nunH'. 

SllllIlH'rS I 197·llll lists (,~Ll('.r P1P!('/lS fll/HClIS Lil1lul('uS and Culis('lo 
1II0i'IICltCl I Wi IIIstol1l ns addl t ional hosts of' A, o/}(l('tla. \\'p Iu\\'(' al­
l'l'\ldv tiISl'lhSl'd till' nu('rosporidilllll in thl' lattl'r host unckr A. in/m­
/1'(/ \\'(, do not list CIII!'.\' II/flU'IIS plpiel/s as a host of A, opocilo until 
hl'lll'r 1'\It!{'IH'P of' !11Il'l'osporidinn int'l't'ti\'ity is obwitwc! by eIPctl'on 
1llIl't'lht'OpV ~lUdll'S, 

Amblyospora trichostegiae (Baudoin, 1969) comb. n. 

J ',.' ";'1(""! .. , 'I ifd·.. !t':":.'!lf' B~ltldtllt .. HH;~J PrtJl~~IIl(1)l!ll'a;)' ,t.l,1 

r··, ,,",,"".: I, .• ,,"I,', Il.n"I"lIl '11\ P,III , HJI)}l. I''''(I-[nlllgl('il ii. ,1.1.1 XI'\\' ~,\'Illlll'ymy, 

SPllrt' ~I/I' (ktospm'l' t11l'aSlll'Pl11pnts \\'pl'(' not givl'n by Baudoin; 
'P'll'l" "Ihp<,(,tl'd of' bl'lIlg I'r('(' spon's Ilwnsut'p H.5 x 4.0 ,LLm, 

IIlb! Tnc/wsl('.!.UCl lIl/ll01' I('urllsl. a caddisf'!y, coll('cted in 
]/r,ll1l'I' 

lllli'elloll "Ill', Adlpos(' t t:-;:-;u{' or 1(\1'\',1('. 

ILllIdol1l ' [~)(i~J I gl \'p:-; no sp('cilic i nformnlion about tiw oval oclo­
'ptlrl'~ lil\ll\d III T. 11111101' sinn' 11(' assumNI they wen' til(' same 
'PI'('I\'" ,b .'\ h/!,tJ1 if'x in flhrygulll'(l J{1'(l1lc//S, 'I'1H' conif'orm sporC', de­
"(·!'Ill!·d 11.\ Ibuc\otl1 <1:-; Thl,to/wlIla 'I'whw;tegi(t(', is in (lur opinion the 
11'1''' "POrt' Dr l111' (\p\'plopnwnlnl s('qupnc(' in ('('males sincp in form 
;jilt! ... trw'tlll·l' It I."; Similar to t1w 1'1"('(' spllrps of'A, amphipod(I(' and A. 
1(111",,(/ Ihilltillill dm'" not gin' d('seriptions of tilt' sporonts that pl'O­
du('l< til!' \'tll1lli)['m »POl'P:-;, no!' (11)(': 11(> llwntion if t1wy al'C' bound in 
t!l"IlUpS IIf l'lt!hl til a Imn"pol'oblnst ie llH'mbnllw. 

Baut!llll1'" I'lp(,tl'!ln pilotomil'l'ogmph:-; of' ('oniform SPOl'PS show ul­
ll'a"tl'lll'tltl'l'" sllllil<!l' til tllOS(, IlI'A. (llIlp/Il/10c/o(' and A. ('allosa. Tlw 
'lllln' .lpJlI',lr... ttl Iw hlnueil'H{(" hus n thin, ~111(]()th ('XOilporp, a large> 
I.tIllt'lt,lll't! plllal'opl.l:-;1. ane! n long polar' tilnnwnt labout ~O coils] of 
\l111lill'lU dlo1l1l1'tl'r 

'1'111'" IlIll'ft'''pllnclw III IWl'd:-; to lw rpl'xtlill i twe! Lwf'ol'p i tH taxonomic 
pl.trl'llwt\t Is l'l'rt HI 11. 110\\('\',,1', Wl' lPntall\'ply pillet' it in Amblyo­
"i'W(["IIH'I' Ill!' small!'r :-;PO]'(':-; pi~'lllr('d 11.\' Baudoin an' si,milar in 
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appl'arancp to thp octo::::pOI'P:': of Amblyosp()ra and ::::incp the lal'gf:'\' 
SpOI't's arp ultl'astrul'turally simtlar to what WI.' bdil>\'e arp free 
:-ipon's III .A. callosa. 

Amblyospora unica (Kellen and Wills, 1962) comb. n. 
P:..."Ftllllltl 1(1l1nl Kt·!l'·!l and \\·t1k HJ6:.!a.•1 In';''l"! Pat hoI .1: ·W: Kpllp!l pt a!. 

lWi:; .1 Il\\t'ftl'hr [',lth,,1 -; [I) t W'·I';['r. HHiH. :-':,'mon hrn\'llI. p ·\liO. 

8p(lrp sill'. LIving octosp01'l'S /11Pu::::urp 6,587.: 0,12'< 4,97:!; 0.08 ~un; 
11I'PSPl'\'pd llt'tosPOI'PS !l1l'asuI'P 5,G:~+ 0,07" -lA2':!: 0,06 J.Lll1, 

Host. Aedes 1Il1'lcUIIIIIOll Dyur. a mosquito, co\lpctl'd in CaliCor­
ma. l'.8.:\. 

Inth·tion :-;itt'. ·~·()('n()c.\·tl':': and adipo:-;p tis,nw of mak and female 
lanaI' (Kt'lIl'1l pI al. 19G51. 

~othltlg i:-o known t'oncPl'lling thp stagl':::: in adult fpmales or the 
ull!'a:-itl'llt'tUl'l' or tlw sporonts and octo::::po!'p:': in lun',H'. About one­
half or till' pr(l~.{t'ny lal'\'t\(· at'quin- patl'nt infpction:-; nnd ::::uccumb 
during lbpi!' In:-;t stadium. Wp ha\"(' ::::l'pn Giemsa-stainpd smears of 
thl"; ";PPl'lP";. but :-;im'(' it i:-; diftil'uil to cktpl'minp spon> structure in 
:-iud, pn'IHu·atton,.;. \\'l' It'ntati\'ply piacl' it lwrp until additional tn­

I'lll'matlllll l'olH'('rning it,.; ulu·as.t\·ut'tU\'P llPCOllH'S availablt', 

Other Hosts of Undescribed Amblyospora Species 

A(·dl'....· a/JS('JTa/liS 11~'l'lt and Young I 


TIIl,lo/w/lw n\'. II/wella Anc\P\'son. H)68 

At'lil''''' (Wl/lllltH'S \ Mpigl'lll 


Thc/o/wl/w 0pczClia: \\'('ist'\' H)Gl. 19G3c. 1966 

:\cd!''''; c!lIllalor I ('oqtlllll'tt I 


TlJeln/z(lI//(I nl',opaclla AnclPl'son. 1968: Chapman E't al .. 1973 

AI'ell's ('(lSPlllS 1 Palin:,: 1 


Thelp/w/lW OpClelta: Tou\' l't al.. 1971 

Aedl....; mlClphyUa Dyu!' 


ThclohalllCl sp. Kl'lll'll pt aL 1965; Chapmnn et al., 1973 

AI'clt's ell//'/'('IlS i;\lplgl'n I 

TIII'/ohClIlW nl'. "paella Anclt'nmn. 1968 
Thein/wnw :-<p. Chapman. 1966 

Act/!',..; dl'lntlls l. Haliday' 
Th('/ohwu<l op(l('(ia: Tour et a1.. 1971 

AI'ell's dors(lli .... I :".-1t'lgl'll I 
TJU'/nh(/i/W sp. Kl'Ill'11 l't ttl.. U)Gf5; Chapman, 1966: T::::ni et aI., 

nH1~J 

At'dl's (,XI'I'II/'wns \ \raikpt'l 

Tht'lo/:Cl/Wl nl" opu(,ltn Ancit'l"son, 1968 




,[,1}('/"hwI/CI:;p ('hapIlHlIl l'l al.. 19/~3 
:\"t/,'s /I/chll I Fplt ,Inti Young! 

Th1'/ohwlI([ :;p ('haplllun l'l al.. lWi':l 
A"[I!'s /':J'tI;;."hf'['/~1 i)yar <111<1 Knab 

Th,'/nhWIl(l sp. ('!tapman 1'1 a~ • WGG; ChapnHlI1 l'l al.. WG7 
:\"tI,'s 111'.\odllllllls ()yar 

'f'l1f'/ohclIIlCI ,.;p. 1\('\I(,ll pt aI., H)()f); Chapman pt a!., 197:i 
:\.o"t',~ /!/('I'!'plfus Dynl' 

'l'11"/,,hwlI(/ sp. Kl'IIt'n c·t a I. lHGJi 
,\,'d,'.~ Ill/lit/fils t ('Il11ui 111.tt I 

,{,ltl'Juhal//(! sp t 'hapnwl\ pI al. 1~17:l 
. \ ,'dl's /lIlllC'lol' f 1\ It'll", I 

"f'hl'/uhC/lllCl sp. Chnpm<lll I't al.. U)'j':l 
.\t·ch'" n/H//'{lls I)yal'ilnd [(nnb 

TJ,"/o!tul/l</ :;p. ('hapman l'1 al .. Un:l 
. \,'dl's so1/II'I(UI/I> I \\'nlkl'l'l 

'['h"lo/wl/w sp. Kl'llPn pI al.. l~l(1Ga. Chapman pt nl.. 1966; Chap­
man PI al. IH()7; Chapman Pt al.. U1G9 

.\1'(/1'.', s/lt'flclts : :'.\l'lgl'll! 
{'111'/IIhaN/(! 0/it/clfeL \\\'i:;('l' LH6:le, 1966 
'1'11"/,,1)1/11/(/ sp. Chnpman PI nl., 19G6: Chapman t't aI., 1967; 

('hapllwn l't a!.. H)(m 
'-\"c!I"'i Sf/IIIl1/ClIIS I \\'alb'rl 

TIII'/o/rclllw nt' opHelia Andprson. 19GH 
Thdn/WI/W sp. Fran!. and lIng-mann. 1962 

..\.,/f's tW"lIlll'h\'l/clius l \Vi('d('mann I 
Thdn/lUlltcI sp. l\.('llPn pt al.. 19G6n; Chnpman pt al.. 1966; C'hap­

Ill.ln 1'1 <II .. WG7; t'hapnHln pI HI.. 196H 
AI'dl'S II'I/tnlt'il/is Dynr 

T!It'iohc/lll(l :;p. l\.l'lll'n pt al.. H)E:) 
:\,'<I,'s ('1'.\(1/1." i :Yll'igl'll) 

TJIr'!pJWJlHl OpclCltn: \\'pi;;Pl' 1961. 1963e, 1966 
('u({utll"ttlciw pC'l'lul'/wlIs (Walkl'r) f '"'M(lIlsol!ia perlllrba.lIs 1 

St!'lllPt'IlW sp. Chapman ('t al.. 1967 
CIt/c.r (1I11111/lreJ.'Itl'lS Skus(' 

TIIt'loha!lW opcl('ila; Laird. 1956 
('Illl'.\, IU'('('alor Dyur nnd Knab 

Thl'[ohull/{l :;p. Chapman l't al.. 1969 
CIi {I'x PI'/(,'': S!H'jsPt' 

TIzt'lnhllllW sp. Kt'llPn pt al.. WG5 
('It It',\' sa[/lwrlll." Coqui Ill'tt 

Thf'ioh(lIl[(l sp, Kplll'Il pt al.. 1 H66a: Chapman pt al.. 1966; Chap­
llIan pt aL 19G7: Chapman pI al.. 1969 

('tdlsl'lo (1Illlulata (Schrnnk) 
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Thl'lo/wIIW OP(H'llo: Wl'i"er H)6l. 1%3c. 1966 
Theln/wllw "p. Brp):;slau and Buschkipl, 1919 

Cll/uwtCl llnpatlclls I Walkl't'l 
Theio/wllCCl ):;p. 'l'sai ('t al.. HJ69 

Cuhsl't(l jlartH'eps ,Adamsl 
Tht'loJwlli(l sp. Kpllpn Pl aI., 19G5 

J/awwl/lCI clY(l1'l Bt'lkin, Hl'inpmann and Page 
Amb/yospora sp. Hazard and Oldacl't', hoc loco 

J/(lI/SOlllCl [e{wri Borpham 
Amhlnlspul'(! sp. Hazard and Oldaere, hoe IDeo 

Psol'ophol'(l columbine I Dyar and Knabl 
Thcln/wllW sp. Chapman pt aI., 19GG; Chapman pt aI., 1967: 

Chapmall ('l ai., 19G~) 

CHAPMAN/UM gen. n. 

Adult ft'mnll' hosts lw\'p not bN'n ('xamined, so we do not know if 
tlw :-;pN'ips of this gPllllS hm'p sporonts producing free spores and 
dp\l'lopnwntal stagps transmitting infection to prog('ny via the 
t)yanp;;. 

Tlw pansp(lt'obla::;ts art' fusiform. and (-'acil contains small 
pyrilllt'ln ol'losPOrt'S dig. 371. Tht' Bporonts divide by budding (fig, 

p:\ \ Il-iH 

F;,;l Hf- ;!7 Fn'"h pall!,p!lrnbl!l~t!' of CIWjllll(lJUruH ('jrrttIlS ~p. 11, ~ 2.000 



·W TE('(IXlCAL EWLLETIX 1,;:1lI, t'~. DEPT OF :\(~fUt'l'LTl'RI': 

-
 ,. 


-
'/!' \,'. 

it ~~\ ......, 

~~~ 
p," t , ... ':" 

Fil,! la:ls l'ltrnstntl'tul'P uf C ,'If'rttl,'' \l('tll:<Ptll'l'. , :lO,7fill TF. thn·ndltk(' 
t1l<ll'lll'n t:­

:H)I. Tlw pnnspol'llblastie nwmbnuw is pprsistpnt. so much so that it 
IS diJ!il'ult to f'I'('(' tlw SPlll'PS Crom it ('\'en long- uftpr thE' pansporo­
blnsts hun' b{'Pll rl'lUO\'l'c! from the host tissul', Tlw octosporE's ha\'(' 
n pohw Ii Innwnt l'onsisting or n brond basal portion abruptly con­
strll'ting llPar till' middlp to Corm H narrow distal pOltion. and n 
lanwlhllPd pnlnropl!lst Ing. 3~1. 

Litl(p IS known about tlw host-parHsilp rt'lationships of tl1('Sl' 

spPt'il's. only that till'.\' eausp dt'ath of [lwir hosts, TIll' gl'nlls is 
nanwd in honor of Harold C. Chapman. who has contributed much 
to ou r kno\\,h·dgp or Micrllsporida. '['IH' typP spocips is C, cirrillls, 

Chapmallill1U cirritll.'! sp. n. 

Spon· sizt', ,-Li\'ing o('(ospo!'('s I1WtlSUl'P 2,92,:3.~O" 1.33-1.91 p.m, 

Hll:"t.Col'ethn·lia hl'(l/~('leYI ICoqniltett 1, a phant.om midge, 

In['pt'l wn ~'ltl'.-' Ad iposp ti;';Slll' or larnH'. 

Hnlntypl' ;.tPHf L~lkp (,harll'S. Ln .. IT.S.A.. Fl'b. 22. H)74, llSNM 


;.t\1 ~·l:lH7 I C'lwpnHlI.1 nnd (~lPnn I. 

l\lI'alypp, l'SNM No, 2·t~3HR (Chnpmnn and Glt'nn I. 

http:phant.om
http:1.33-1.91
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p~ t1" .... 
F;., 1(1 :HI [)\\ldll1!! .,pornnt ll\ (' I'lrni/,s pan~ptlrnbla"t , 7.;"iOO ~I{;. l1H'tabnlte 

granull''' 

TIll' pan:-;pornbla:-;tll' ll'U'mbranl' i:-; ~ll'r:-;i:-;tl'nt, ::0 much :-;0 that it is 
dtlTil'ult to rrpl' tlw :-;POI'('S from it ('\"('11 wlwl1 much prpsslIrt' i:-; 
appltpd ttl tIll' gbss cO\'l'rslip In Ih':-;h ::nwar pl'l'parnlions. 'I'lw 
pnns~lllr(lblast i:: t'usiI'Ol'll1. :-;ollll'what l'(\s('lnhlll1g a pod dig. ;~( J. 

TIll' Ol'lllsporp hll:-; :1 thin l'xo:-;porp. n polar filnllH'nt [hut ubruptly 
constnl'ls m'ar Its tnldcllp to Corm (-j1c' coil::; in.siciP LIlt' :-;pOI'l' (.I'~ coils 
fornwd b.\' t Ill' broad basal port ion I. and a lnnwllnt('d polHI'oplast (fig. 
;)~ I TIll' sporont or t 11(' panspllroblnst d iviclps by l'nclogl't1oUS buddi ng 
ilig_ :)HI Tlw rUSil'Ortll pansporoblast t:ontain:-; many dl'l1sP filampnls 
thnt alttH,'h both to tlw SUrii.1t:l' or till' .sPOrt's and to tl1(' il1lwr surract' 
Ill' th" pan:-;pllroblnstic: nWl1lbrunl' tfig. ·WI. Tlw lnttPI' nttnehnH'l1t 
prllhal'ly l'xplaln:-; why tlw SPOI'PS an' l'xtl"l'l1wly difTicult to f'n!(' from 
t lw pnnSPlll'llhla:-;t 

Tl1(' Latin nnnw ('/I'l'/flls Ilwan.s "ll<l\'ing nHtn~' Ihn'ncls" and j'('{'('l',s 

to till' !1lltlWI'OllS rilnnwnt.s in till' pansporobln:-;L 

Chapmalliu11l macroc;vstis (Gurley. 1893) comb. n. 

r·:,·;·>",1"itl "1.1. ,- "HI:_, !:nrl..\, It-~):L Hull t'~ Fl,;h ('111l11l1 IIll' IH~) I, II ·110; 
('ali ..\ 1-,\1,[ H"p ['::; FI~h ("HlIll! :!(i 1!l(;; TlwlllhalL IH\J:i. Bull:-il'l 1-'1' Ilpig 2G 
;If;:!, Llbh., 1-'~I!l, ~1l!II"'loa. 1'1 n", 1'1I'ITl'lI'h d) Bllt~l'hlt. (.1I ',p 112; AUI'I'b'll'h. 
l~llll, (1,. ('nHl,,~p"llth"n_l' I!Hi. ](ud,,_ 1!J2,k. lit BIlll :'llIllogl !h:.! ;j. la[t \\'Pl~('r. 
11117 P! .\l"I.l\.,k. I'dI' Spol 11, -1". SpJ'agu<'. HU;:;.•J ['mtll/uuL 12 [j(), SPI'ilgU P • 
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W711, Am 1'1,,11 Sm' SPt'(' Publ ;; ·1:!5. ::;pnl~\lt. alld ('mil'll. l~)71,.J ProtolonL 1:-;: 
;;:l(J 

::;(\\~·\\"pundl n<\l'lHI\\. IHH l. ~l'nd R Al'C'<ld. l,lncPt 7: L51. Hi:!, lind Ii~". 
Snnnspund,\t' 1ll'IIIWgU\ ,lnd Tlwlohan. IHH:!il. (' H. SOl' BIlll.·1: flSG 

Spon' Stll'.'- M.l'a~u l'('nwnls not gi \'l'n by G,t! rll'Y, 
Il.ost.,PU/(l('IIIOIl£'I('s l'urWllS (Ll'<lt'hl, n shrimp. colll'ct:pd from t1H' 

MiIWI[J Iwur \'Pl'lHW. Italy. 
I nJpct iOil :-:Ilp. ' Mlli-iClllatlll'(', 

Tlw pani-ij.)ol'oblnSLi-i an' l'longnll' and fUi-iirorll1, Gul"i('Y rt'Plll'ti-i tht> 
sport's as huving sll'iuted lllltt'1' i-illt'f'(\Cl'S, 

'1'111:' siweir's Iws not bpt'n :;llldipc! ::;incl' it was originally dt':5crilwd 
by Uti I'll'.\'; t hl'I'prol'\', noth i ng i:-: k no\\' 11 COl1CPI'!l i ng it::; llitl'a:;truc­
tun', K~ld\l I U)~4l'l cOllsidt'I't'd it n qllt'stionnbk spet'ips, and sincp 
(;uriPY's dl'Sl'l'iptiol1 is il1compll'll'. Wt' tl'l1tati\,ply pinel' it 11('1'(' b('­

eausl' of' tlw l'Iwruetl'ristie l'u:;il'Ol'lll :;i1npl' or tilt' pan::;pol'oblast. 

Chapmanium nepal' (Lipa, J 966) comb. n . 

. 
. 

" 

, 

. : 

" . ... -. '.,. ~" " I> ',. ~... 

1':-; ,l-!H!l 

Flt,' R'·IO ~pllrllhlust" In C ,'tr"II/II:; pnnsporublnHt. ... G,7f10 TF, th!,pudltkl' 
fthulwn\:.o.; 
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Spon, ~iZl'. -Pt'PHPl"\'pd Ot'to"pon's ml'usun' 2.0 :LO)<, 1."1 l.H ,U Ill. 

Ho;;t.· ,Sl'jla CIllcr('a Linn:wu", a IH'llliptPt'~ln, t'ollpctl'd in Poluncl, 
Inlh'lIon "ill',-Adipo:.;p tisSllP ol'llw adult insl'cl. 

\\'p tl'ntati\"('ly plnt'l' this slweips in tlw gPlllis (,h(l/)II/(/l/illl11 1)('­
l'ttll:.;P it has fusiforlll pnnspol'Obla;;ts, ppneling infi)l'mation eont'{'I'11­
lng its ultrnstrllctlll'l', \\'pi;;('1' 19(ill cipscrilwd al1otlwl' "I)('eil's,I 

7'1/('/0//(11/1(1 I'['/W('. ['rolll an aquatic lwmiptl'l'an, \'e!w cu/'n'IlS Fab­
l'lL'lll:;, tl\(' Hlithol';;hip of' ",hleh Ill' cn'c\it('cl to Poisson 1192H), 'I'll(' 
dalt' i:; illl'lll'n'ct. sinn' 11(' gil\"[' till' naml' to a part or tlH' spol'ogony 
(II' ;\'osell!a ('cliw'. which \\'as c\p;;el'ilwd by Poisson in 1929, TIH'I'('­
l'on', Wl' t'on"icll'l' tIll' na I11P Th C/o/iclIl W ('('/w(' \\\'isl'I', 19G I, to Iw a 
synonym or ;\'os(' 111 (1 I'('/W(' Poisson. 1H2~J. 

CRYPTOSPORINA gen. ll. 

Fpllla It' hosts ha \'t' nut bl'l'n l'xami lWei; tlll'I'(,f'ol'l" \\'(' elo not know 
wllPtl1l't' or not tl1(';;(' mit'l'osporielia hun' a sPl'ond ;;pol'ogonie s~'­
qUl'nn' I'Psulting in trtlns(i\'<tl'ial inCt'ctiol1 of' progpny and rn'l' 
:->Plll'P:;. 

TIll' pnnsporoblu"ts ,I l't' O\'U1 nnd t'ontai n small. pYl'i rorm oeto­
::;POl'P::; ! fig. -Ill, Tlw~p pan::;p(}l'()bln~ts also contain many dark. 
amlwl'-L'olol'l'd. cry::;tallirorm partic]Ps that ob::;cun' til(' spore's rrom 

1':-" ·IHHI 

r,,;, RF ·11 Frp,;h IIl'lV$POl'(''; of Cryp(Osporllw broc/zyj'iio sp. n. " 2,000. 
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vipw in rn'~h f)l'l'p,u'ations. BpcatlSp or this, the pansporobiasts 
sllpl'r('ieially rcsPl11bip tlH' sporangia of' certain fungi, Once the 
panspnroblasls dry. tlwy losp llll'ir color and rpf'ractivcnpss, making 
tIll' sport'S visibl.p, TIll' panspor()bln~tic IlWmbralw is \,pry persist£'nl, 
l'pmalning intnet nl'll'l' tlH' panspol'obln,;ts huy!:' bct'n n'l11o\'pd from 
llll' hody of' t1w host. TI1(' oclospol'(' has a short polar lilam('nt of' 
lInilill'tIl dWllH'tl'r nncl ,\ grnnlllnr, struellll'('d polaropiasl consisting 
or (lnly <l l'l'\\' lnllwllnl' Iwat' till' polar cap (fig, 431. The spores have a 
"(HIll'what \\Tlnkl{'(1 out('l' SlIl't'UL'l" tlw \'Hcuoip is not visiblp in frpsh 
")111\'\';;. and tlw sporl'S do not haVl' <I mucous l'n\,plopt', 

I.it til' is known l'OIH'l'1'I11ng host-pllrnsit(' rplHtionship~, but from 
tIlt' ('xlPnt or tht, pathoillgy o\Js('l'\'pcl in till' hosts, w(' assume that. 
tilt's!' p'lraSI!!'s I'\'t'ntunlly C<IUSI' dl'nth, '1'11(' nan1l' CryptosporillCl 
tl)('an,.. "1ll!I(\l'l1 sllHlli "po!'t's," Thl' lypl' sppeil's. by monotypy, is C. 
hr{/(h vlila. 

Cryptospor;na brach)fiLa sp. n. 

:->POI'(' "IZ!', Houin's·lixl'd (}('lospol'('S n\'pragp l.S6x 0,71 ,u.m, with 
;\ "<\11' rang\' 0(" I,~n I ~ll ,,(),!):~ O,l'{(l J.Ul1. 

llo"! fl/()IICl "p., a watp!, mitl'. 
1111"l'llon "itl', Adq.HlSP ti"slIP. 

([()lnl\pl' \V('"t ""':Imp 111 till' PnYlw's Pmirip on Statl' Road 121 

111';11" (:all\(''';' 1111', FI<I .. l'.~,:\" April IH72. l~SNM No. 24389 
, [<'"d('nl'1 and I Lazard), 

!';t1"I!\'Pl' l'~;\l\1 ;\(), 2·1:~~)() (I"pc\prici :lncl I·Lazard). 

Till' !l('to,.;po!'PS ,11'(' nllt visiilk through the' pansporoblastic mem­
I1r.ln,' llnttlllll'~' lUlU' [\(·('n t\rll'd :)1' (ixpel and stainE'd, and then the 
'I!flr('", .11'(' n()t I'padd,\' \'I"ibll' (l'lg, -Ill. Bolh fn'sh and fixed spores 
;\l'(, J1.\Tllill'm. and thl'.\' (In' not (,O\'Pl'l'd by a nnlCOUS E'l1vl'iope. No 
(',11'1\ "P()!'()~,'nlt' ,;ta.g!'s \\'1'1'(' obsPl'\'pd as most of' these stages hac~ 
Clltllpll't('d spol'ulalilll1 (II tlw tilll\' 11H' host was pxal.nined. 

III {'i('('lrllll phO!()IllII'l'ographs till' panspol'oblastic membrane is 
...1"I't! to l'IH'IIl";,' ,'ight lIninlle\('all' thin-walkd spon's and large Cl'YS­

l.dllllll'm pal'lldp,; I lig ·1\.1, lh\.' iattt'l' l'l'ndNing tlw octonucleate 
'IHJ\IIIIl;-; dl·n,.;p and opnqlll', TIH' llUtl'l' s.urCacl' of' til(' ;;POI'P wall is 
lll~""l' Till' pIlar lIlanwnt is short. muking no more than 3 coils in 
t hI' Jlll,;t ('no}' ("nd or t 11l' SPOrt'. and is 0[' un i fo l' 111 dinmet01' th roughout 
It~ 1t'I1~th Iligl:31. TIlt' poiaroplnst j" mostly gramtiar in structure 
(',n'p! rw,Il' ttll' polar ('ap. \\'\WI'(' it is. lanH'lIaLpcl, 

(}nh tl('t(ISplll'(':- 11<1\,(' hl't'l1 obs('I'\'pd. I'\'malt's, possibly carry­
rtlg tllP lolt'I'tlOn \'1(\ tlll' O\';\l'it':;. \\'pl'(' not ('xnminpd, The species 
1l,IllH' hI'(/( 'n.lliet 1ll1':l11,; '"shOI'1 thl'l'ucl." !'d'('rrpc\ to the short polar 
I tI. Ulll'l! t 
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I'X-·1·191 

1"1"1 Itt ·l2.Pansporoblast;; of ('. hr(lcily/1lCl containing largl' cr~·;;tallifonn particles 
and oc\osporp,.;. '. 7.500. 

Fi\;1 HI- ·1:1. -- l 'Itrn;;U'\ll'lw'p or c. brachy/YiCl o(,Wsporl'. " 39,000. 
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HYALINOCYSTA gen. n. 

Wc do not kllow whether or not these species are dimorphic since 
Wt' hnvl' not examined adult female hosts for a second sporogonic 
sl'qul'nct' possibly producing free spores in adult females and infec­
tions in tl1l'ir progeny via the ovaries. 

'l'lw pansporoblasts are oval and contain pyriform octospores (fig. 
·I·~). TIn' panspot'oblastic membrane is thickened and somewhat pe\"­
;-;istl'nt, holding the octospores together for a short time after the 
pansporoblasts have been removed from the body of thp host. The 
[ltlnspot'oblasts containing mature spores are completely void of 
('t'.vstalliform particll's, granules, and microtubules; therefore, the 
oL'losPOl'l'S lic on a clear background making them sharply visible in 
both ('rl'sh nnd stained smears (figs. 45 and 461. Fresh spores are 
thinly coverpcl by a mucous l'nvelope difficult to resolve in dilute 
india ink. TIll' polar filament has a broad basal portion abruptly 
constricting neal' its middle to form a narrow distal portion, and the 
wall of till' sport' is smooth and without surface structure (fig. 47). 

Thpsl' microsporidia are known only from mosquitoes and cause 
dl'(lth of their larval hosts. The name Hyalinocysta means "clear 
hag," rl'fplTing to the granular and microtubule-free pansporoblasts. 
TI1l' type is fl. chapmalli by monotypy. 

Hyalillocysta chapmani sp. fl. 

Spure size.-Preserved octospores measure 4.34-4.76 X 2.38-2.80 
,urn, the average being 4.41x 2.62 ,um. 

Host.-Culiseta melanum Coquillett. a mosquito. 
Holotypc.-Nenr Kinder, La.. U.S.A .• Dec. 27, 1971, USNM No. 

2·l~H)1 (Chapmanl. 
Paratypes.-USNM No. 24392; World Health Organization 

Rl'fpl'('nc(' Centet'. Ohio State University, Accession No. 1667 
(Chapman l. 

Living and preserved octospores are pyriform (fig. 44), have a 
Inrg~' prominent \'acuole, and are covered by a mucous envelope. 
Pan;;poroblasts containing mature octospores are void of granules, 
tubules. or crystalliform particles, providing for easy observation of 
spores in both fresh and preserved preparations (fig 45). Some 
granules can be seen. however, in stained preparations of pansporo­
blasts containing young sporonts. 

Panspol'oblasts. especially those containing mature spores, are 
void of metabolic products (tig. 461. The polar filament of octospores 
consists of 7 or 8 coils. 31,~.being formed by the much narrower distal 
portion {fig. 4.7l. Both the endospore and exospore are thin, the latter 
having a relatively smooth outer surface in mature spores. The 

http:2.38-2.80
http:4.34-4.76
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1':\-449;1 

FII;IRF ,!.L--Frl'"h octo::;porl'" of Hya/inocys/a chapmani sp. n. x 1,100. 
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11:,\ JHEl 

Fili: II' II, l'an~p(l\'1Ihf'1~! "I' H ";/ClPfr/tlIH fn't· or nH'wbuhl' products, " 12.000. 
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p(llnroplnst is cllmposNl of tightly comprt'%l'd lanwllaE' in thE' an­
tt'rl(H' half and \\'lclPly spparated lanwlhll' forming cl'll-like areas in 
till' pnstl'rior half. 

ThIS SPPCIl'S IS nnnwd in honor or Harold C. Chapman, \\'ho round 
:t in LoulslHna. \\'p han' Sl'pn 01H' othp1' spl'cil's which, wlwn cit'­
scn\wd. wIll Ill' placNI in this gpnus, 

INODOSPORUS Overstreet and Weidner, 1974 

Thest' tIllcrosporidin an' known to hn\'l' only OIH' sporogonic St'­
qllPnL'(' In t\WH' hosts, produclng octosPOt'l'S. 

1'111' pansporoblnsts an' ll\'al and contain pyriform octospOI'l'S, 1'11(' 
panspol'nblnstic 11ll'mbralH' is \'pry pl'rsistt'llt, n'l11aining intact 
nround tIlt' sport's long nftl'r thl'Y ha\'l' \wl'n rl'l11o\'pd from 111l' body 
or tlll' host 'l'hl' octOSPtll'PS han' fOllr or fin' long appendages, ha\'(' 
an ot 11('1'\\' I:;l' thin l'XPOSlll'P, ,1 polar filanll'nt of nt'arly uniform 
dWIlll'Il'r. and a distinct lanll'llatpd polaroplast. 

Although w(' han' not Sl'pn SP('Cil'S of this g('nus and know noth­
Ing of thpl!' hllst.parasitt· l"l'lationships. \\,p at'l' it'd to \)('\i('\'(' t1H'Y 
caUSl' dpat h of llwl I' hosts, T\w typP SPl'L'U'S is l. spr(l/!lI('i OVPl'strl'('t 
nnd WPldlll'l'. IH7,l, hy 1l1'l~lnal cll'Slgnallnn. 

i1l0dospo1"US octosporllS (Henneguy, 1892) 
O\'er~treet and Weidner, 1974 

["1";"'1<1":<1 " ..t",'I·ora fll'llm'glly.1I1 H"llnpguy ilnd Tlwlnhnn. IHfl~b, Ann. :'I!i('l'ogr. 
(i;Hl, J-It'111ll'gll\, I" Tlll'llIhan, IH}l~. Bull :-;lI(' Philomath 1'1lI'I,,·1 l'j,!: GlIrit·y. I H!1:3 , 

Bull 1':-; I"l~h ("'111m 101' ll{~ll. 11 ,11\1. t;ur!t'.I, I~H·t. HI'Il l',S, FI"It. ('0111111. ~G: 197: 
1'h,'loh,\I\ L"<~),'. Bull S"I 1-'1' BI-Ig, ~{i: :l!1I. Pfl'IIT"I" 1."<H5. [),,- I'l'Ilto/tlPn :tI" Krllnk­
1H'lht·n"gpr. II 7~. L,'gt'l' and Hagl-\1lllttllpl'. 11'\!17. (' It t\~~I)(, 10'1' A,', !:kL 26: 55:1; 
Lahbt·, I 'i~l~l. :-;P'll'Ol"d. 1!1 [).b Tll'l'n'lch ,0, BlIl>"'hlt. I'd, I, (1, 112; SIt'llllwll. 1HOP. 
o\n'h i'wtl"t!'nkd l!1' ;1,10; PIXt'II·t)uodl'll'h. \H20. An'h, Zoot Exp, (;,·n. Nlll!':; I\('Y 

:ill 17 HI. Kudp, IH~·k. 111. BI<,I :\!nnogr HI2 al 1;1.1. Wt'i",PJ'. H)·II, Pl', :\lol'a\'~k{' 

['11\ SpoIL" :!7. l'l1l,..,..on, W5:1. 1'1 Trant' riP /ooillgll' II' P. (Ira"",,, !'CU. p. 106:1; 
Sprag-III'. HHi:l .•J Prnl[1l1Jlli l~ {ill; ('mln-anu. LH{)(i. I'ro,·, lnl. Cnngl', i'nl'lIllilo1., 1:;1, 
HIl;,1 G1l2. ~Pl"lg\l", Hl711.:\ill F,:;h. Sut', SPl't· Pub1 5: .124, Spragul' nnd COllch, 
W; 1. .1 Prolo/ll'li 1:-- 5:l!l 

1'ldt!" ...porli"i 11ct.·)"ptU"a ~ Hflnnt'~lI~' ~ 1~~)21 {)\,pr~tr(·{\t nnd \rpidIlPI.. 1H7 ~t _ Z. 
P It'a,..\tl'n!-.tI II 17:1 

Spon' :;\Z(',~·( ktosporl'S I11P(lSUI'P ~··:3 /-t m (Hpnnt'guy and Th('lo­
han lK~)2bl; :~··~,um IGmh'.v IHH<~I: ~.!i' U),um ICocireanu 1966). 

Host. }In/en'lllOll adS1H'rSIiS Rnthkp.1 ",P(lI(ICl/lo/l rl'ctiJ'll.'llris Zad­
tint'll I and fl, S!'/'I'Cl/US (Pl'nnant I. a shrimp. collpctecl in France' and 
I::ngland I Ht'nnpguy nnd T1H"'lohnn IH92b: Gtll'k~' IH94: and Pixel!­
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Goodrich IB201: and PaLaI'IW'11 elegalls RathkE;', a shrimp, collected 
from tlH Black Sea in Romania I Codreanul B661. 

lnft'l'tion ;;itt'.-rvtu;;culatul'l', 

Nothing i;; known of the ulrra;;tl'llcttu'p 0(' this "pecil's. PixC'lI­
Goodrieh IIB201, examining octosporps from Pa/cH'1Il011 serratus. dis­
l'll\'pl'l'd that the "POt'ps han' thrl'P postl'rior tails, Cocil'eanu (lB66) 
l·ppnrt\'d tlw snnw numlwr of' tails on the spon\s taken from another 
host spl'cil's. PCdCI('l'lOlI eiego'ls,\Vl' wonder how many acicular ap­
lll'ndagl's at·l' on sportls or tlw microspot'idiunl frolll P. adspl!rsllS and, 
11100'P importantl.\', how much difTi:'l'Ptlcp thet'l' may be in the ultra­
Stl'LlCtUt'P oC the sporl's from tlwsl' thn'p forms sincE' O\'('l'strept and 
Wl'ldl1l'l' rIB/.bl plncl' taxonomic imptH'tancl' on the numbC'\' and ar­
rnngPIlll'ntllf' apppndagl's. 

11lodosporlls spraguei Overstreet and Weidner, 1974 

.sp0 1'(' sizp.-Living octospot'l'S measut'E' 2,0-3.7x 1.7-2.5 p.m and 
H\'prag-l' 2.9,2.0 p.m. 

HOfit.-Pala(,lIwlletl!s pugin Holthiu~, the grass shrimp, collected 
in iv1ississippi. e.S,A.. and P. kadiakellsis Rathbun, collected in 
T('xas, l' .S.A. 

Inf('ctiot1 site, -Abdoll1i nal muscu lature. 

Eh'ctron photomicl'Ographs (Overstreet and Weidner 1974) show 
tht' spun's us htwing- a thin and externally smooth exospore (except 
in tIll' areas ",Iwrp thl' appC'nciages are formed) and a polar filament 
l)f nearly uniform thickness from base to apex. The appendages, 
thrN' at the postl't'iot' end and one. usually branched, at the anterior 
l'ncl. at'l' ext~'nsions of the exosporE'. 

PARATHELOHANIA Codreanu, 1966 
Ptlrtlthl'lohullIu t'odn'ilnu. 1966. Proc. Int. ('angl'. Pnrnsitol .. 1st, 1964: 602. 

ThesL' micl'osporiclia have two de\'elopmental sequences in their 
hosts. One sporogonic sequence, producing octospores, is found in 
one-half of lan'al progeny and produces patent inCections only in 
mall' larval' or in both male and female larvae, depending on the 
species. Th(' other sporogonic sequence, producing free spores, is 
found in female larval' not having patent infections of the first sequ­
t'ncl'. Ln this sequence the sporonts form plasmodia (having 8 to 40 
nuclei I in ot'nocytes that sporulate in adult ('emales to form spores 
not (Inclosed in a panspOl'oblastic membrane, This sequence produces 
infl'ctions in the progeny of these females via the ovaries. 

http:2,0-3.7x
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Tlw rrt'~h {)ct()~porp or many sppcil's ha~ a dHtnlt'tPl'lstie i nlPl'nal 
bottfl'-'shaped stnletllrt' \\'Iwn \'ipwl,d through tlw phn,St·-t'ontntst 
mlel'lJ>iCOPP I !igs. 51, 59, and 6:~I, Also, tlll' rl'Psh octosporp IS nol CO\'­

l'l't'tl hy a Ollll'Oll!> Pllv('iop{" nor dop~ tht' t'rt'sh or pn'>ipl'\'pd SpOl't' 
lI.suall~· IW\t' n \'Isibll' \'aeuoll'. Oel(Jsporps Ih:.l'd 111 aqll\'Ol1~ BOllin's 
thlld and stnilwd with Hpicll'nhain's Iwmntoxylin hun' etll1stl'ictl'd 
postl'rtOL' t'llcls ({lg~, .1.0, 5:2, 50, f).1, und (11-11, Thi:; l'onslrit'tiul1, as wpll 
as tilt' d\'\'ply l'iclgpcl surl'ut't' stI'Ul'tLln'. ean lw chscl'l'lwd 111 scanning 
l'lpell'on phtltomierogrnphs digs, ·19. i):l. <Inc! G()I, Tlw OclOSPOl'{' has a 
dude. \,XUSPlll'P. n polnl' filanwnt usually abruptly constl'ieting Iwar 
thl' nuclelh' to form a thin distal portltln. and n pl'omllH'nl Innwllatl'd 
po\ar:lplust I fig, 501. 

Th!' pansp()I'(1b\nst~ an' (l\'td and contain o\'al ()t'to~P()I'l's, 'I'll(' 
pnnsporoblastie Ilwrnbml1t' l"l'main::: intaet only for n short tin1l' aCtt'r 
t lw panspol'oblHsls at'p rt'l11m'l'(1 from llw body of' tlw host. TI1(' sp'lr­
lint::: Sl't'rt'tp nwtnholi<.: products that rOl'm gntnulps. thps(' oftpn 
l'1u mplng lo flll'l11 largp dl'nsp rnassp" d'ig. i)i)l. ~ti<.:rot~d.)ltl('::: ar(' not 
usunlly f'ornwd during sporulation. 

Fl'~'sh frt't' sporp" at'(' plongatp ll\"td to eyltndrieal and IHl\'p a Inq!l' 
dark \'neuolp, '1'11('Y appl'ar to havp a smooth. dplicatt' spot'(' wall. two 
ntH'h'l. and a polar iilanH'nt or uniform dianwtpr from basp to appx 
dig. i)()l, 

1':<: '·1')7 

F',., !t~ ·IX ·1I"Hh·nh'lJn·".lwl11ntox~·ltn·stat ned m;lospores of Parathe/o/wlI((1 n{rlconCl 
Hawnl and Anthony. "< 2.000 
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P:-< 449" 
Fll;IHE 49, ,-oul'Cncl> ullrn~lr\lClun> of p, arncalla octospores. >;7,500. 
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P':': ·IIBH 

FlI" HI- 50 Intpl"II111 Illtt'a~lfUct\lrt> of p, orrZCOII(l OCLOSPOl'(>. x 30,750. 
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TIll' sporonts pro(\ul'll1g 1'1"('(' sport's lil' elormant as uninucleate 
,.;tngps In thl' l1l'Ill11lymph of young !,pmalp lan'uP ilwaeling oenocytt's 
or til\' lust stadium. wlwt,(' they ullciPrgo many nucipar di\'liiions and 
IlPt'otnt' hu'gt> pla;Hlmdin Itig. ;)71, Sporont,.; producing frpE' sptn'ps do 
(lol ha\'!' a pansporoblastlc llwrnbralw and do not spcrptt' llwtabo\ie 
prmiliels. Spontlation nf tiH'sP lnrg{' plasmodia usually begins 
"hm'tlv afll'l' t Ill' Ii rst blood C(,pdi ng. prodlll"ll1g nu 111l'rOllS fn'l' sport'S 
lJl t1w ont\,\('l' or O(,11llt'ytp,.; (If nelu It f('mail's, 

'1'1111-> gt'nus rt'!)l'pspnls a largl' numlwr of spt'cil's found primarily 
ltl ,tnoplwitm' Illosqllito('s, How('\'('1', two spt'cil's ha\'p bl'l'n found in 
llll' lllU,.;qllllo gl'llPI'U Al'cleoll!Yw and Aed(',>;, All apparl'ntiy are 
tr.ln..;mitlpc! to ttwil' hosts nn tlw m'unt's o{' Infectt'd {'email'S. Tlw 
t\'[lt' SPl'Clt'1-> is Jl. '~iJ('rr 11 I ('ss(' 1 as ol'iginally dl'signall'd by Codreanu 
.1%()1 

Parat/l£'lohallia ({{ricalla Hazard and Anthony, 1974 

SPOl'P ";1/.(' ·Llnng netllsplll'l'S from malp lar\'l1(' nWtuiUl'l' 8,7x 2,3 
,um, !l\llli.:' frp(, SPOI'PS from adult !'l'ma\ps measure -1.Hx2,O ,um. 

Ilost Anopl".l!','i gUl1lbw(' (Hlps, H mosquito, collpcted in Nigpl'ia 
and Z\lllliand, Afl'len. 

I ni'l't'tlo n ';lll'. Ad i pos(' t jssup of la I'\'all: Ol'llocytes and o\'arips of 
(lduIt fl'IlUt\PS, 

fIlllotyp(' Knciuna, Nigl'ria, Spptl'mbl'l' 1970, USNM No, 24393 
, \\,It.al'd' 

Parnt,vpps,-·-l'SX~l No. 243H4: World Health Organization Ref­
P!'l'!1t'l' ('('ntpl'. Ohlll Stall' enin'rsity, Accpssion No. 1661 {Hazardl. 

Seanl1lng- P\t-cll'on photomiel'og-raphs show tlw surface of octo­
,.;port's to lH' wt'inkll'C\ and not us noticeably constrictC'C1 at their pos­
lpnill' t'l1(b ns nrt' tlw llet()SpOl'l'S or otlwr sppeil'''; !ftg. 491, Transmis­
,.;lnn l'\Pt'tI'OI1 phlltomit'rllgl'aphs show thl' polar filament to have 
:i (11 () t'ntis insidl' till' SPOt'l'. usually 2 of thpsp c()ilH formed by the 
broad basal p)1d i fig, fiOI. Nothing is known of thp ultrastructul'l' of 
ltl'~ ~P\lfC'" 

Patl'ntly inft'l'lpd mull' lun'up slIcl'tunb 111 tlw last instal'. TI1l' Cl'I?0 
spon.s cil'v{' lop III blood l'l'lIs su l'rOli nd i ng t lw ()\'ario los, arp (' longa tp 
nnd shg-htly tll'nt or ('un'pd, and narl'OW to npUl'ly a point at Ol1P encl, 
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Parathelohallia allomaia (Sen, 1941) 

HazRr'd and Anthon}', 1974 


b.,'d ",lth••l :! .nl; 
r·, "':,l"!<) (",;,.'/ Kudo til 1',ll'I', 1!l:!~I. '\It'll l'tulls!t'n\..d (i7 :!; S"11 'Ill part l , 

T'111 ,I \1.ILtI Ill'! huh,1 I .!~'" rUlli' "t ,H 111 p.lr!', Hl7l. Anll I'aril~ltol I hlln 
I "!lll!, It; ~!II'" \,.\\ '\ 11111l\ Itt \ 

", .. "';,,,;,,'1<1":,' ''''''''1>1;'' ,Sl'1l i!lll' n,v,lId ,!till :\nthnnv. 1117·1, t',s UPI' :\g-t'lt' 

).-..Il Bull (.-,0,'. I" 

~ptln' ";1/1' LI\ lIlg rn'l' "POI'(I:; ,"I from IUl'\'<ll' mpa~lIn' ri.l·G.l 
• 	~,t) ~ I ptll 


11.",;( .'\!lopllt'/l'.>; 1'(1111,';(1\1 ('ovl'lI. a rnll~qlllt(l, coll('('wd in India, 

Inll'l'l\'ltl :-./tl·, t\dtpo:->p li:;:;lIl' or lan'at>, 


:--:ollllllg I:; known or till' Ulll'n:"tl'lll'lllt'P of' Ihi:; ~peei('~, \V<, lc'nta­
11\\·1 .... plal'!' It III Ih,:, gl'nu:-;. n:-; did llal.nrd and Anthony 119741. \Ve 
dll lhls bl'lll'\ ing tlUlI till' :-;poront:-; and oblong :lpOI'l's dt'scribNI by 
~I'n \ I ~)·Ill l'Pf)l'l':-;1'1lt :-;tagl's and Cn'l' :-;pm'p:-; in female:-;, whieh occa­
"I\\nall~' pl'l'mntul'\'ly dp\'plop in tlw ot'no('ytl'S Hmong tl1l' adipos(' 
('I'lb III I't'tutt!p hu'Y<!p, S(ln's dl'srriptlOll is vague; thpl'('f'on', Wl' place 
It hl'l'l' \\ 11 h llm'PI·tal I11,\', 

Parathl'lohallia allophl'lis (Kudo, 1924) 

Hazard and Anthony, 1974 


\''''''''''1 '!"<>:";C/'" KI1([,}, I!l~·k, III B1<,1 ~tunogr fl!2,:I. 110; WPI:lI'I" if).!7, PI', 
;0.1'11,1\ ,h., Pm Spill Iii :r; 

f//t,·:"tl1:;.'itl "~~:'<':01.'f"n,,,:.,,, Kutill. IH2~,t ~J Panl;-,ttol H: 7.1. 
[,',..iI""!":': :",!;"rl 1\.\\(1" 'In PM!.>, 1\)'2·la. Arch, Pl'Otls\('nkd. ,19: 1·\7; Kudo lin 

p,ut" Hl:!k. III BlIll ;o.1"nngr ~1'2'1': l.\:!; Kudo lin pnJ'U. 1925a. Zl'ntl'nlbL Bnk· 
!,'\l.,\ 1'.\r,ISl\l'llkd Inr.'l'ullnskl' Hyg Abt. l Ol'lg. f}6: 431; C'hllp11lHn l't HI. lin part! 
I~Hiti, ,I In\flrt,'hr P"llwi ~ .1;i;1; WI'I:;!'r. lHG6, :\PlII()ci hmyzu, p. ·IM); Hnznrd and 
\\'. ' I'''\" lilt';k.•J 1'I'\l\\lWn! 15, 1'\ It\, 

.\''''''''ItI,t'';:"mll!lI' Fllx and \\'l'IS('t' tin PIlI'P, If)5f). J. PUl'asilol. 45: 21; Th()llI~on 
H\ 1',lIt', IHG\I, ,I tn"l't't PathnL 2: 3fi2; Wl'l,;\'!' lin pm d. 1961. M\Jn()~r. Al)gt'w. EI)" 

("m,.l 17 101'-. \r"IS!'!' 'In parll. Hl66. ~\'1110CI hmyw. p. 455. 
1"lr<l(h.·l,.i,.I'~1t1 lllltlJlht'lls ,K\ld\}, 19241 Hazard (\nd Anthony. If)7·~, C.S. OPp. Ag. 

Ill' T"dl But! Li(1;; H1 

Spon' :-;izp,--Li\'ing octosporps in larvae measure 4.0-5,5x2.5-3.6 
.un1 I Hazard ,\nd \\'pi;;t'l' 19681. 5.18± O.O<tx 3.16±O.02 .ul11 (Chapman 
t't al. 19661; li\'ing CrN' spores measure 4.7-5.8x2.:3-3.2.um (Kudo 
H)2f)a l . 4.5,,2.2,LLm (Hazard and Weiser 1968l. 

Ho:-;t..-AlZopheles quadrlnwclllalus Say. a mosquito, collected in 
Flortda, Gporgin. and Louisiana, U.S.A. 

lufl'clton sill',-Hl'tnoc'ylp~ and adipose tissue of male larvae and 
tilt' ot'l1m'ytf'l' nnd o\'nl'iC's of f('males. 

http:4.7-5.8x2.:3-3.2.um
http:3.16�O.02
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Tilt' living octllsport' ha~ a bottle-shaped i ntpmal ~trllctllre \'isiblp in 
plwsp-contrast mIcroscopy tfig, 511, Tlw \'nctwlt' is not yisibll' in li\'­
Ing llt't()SP~ll·l'S. TIlt' fl't,p sPOrt'S. ho\\·p\'<,1". hun' a distinct dark \'n('­

uuh" yip\\'pc! under tlw phasl'-('ol1.trast microscop('. Frl'l' spon's are 
sompwhal pynJOl'l1l and an' rOll nd in till' ovaries, 

TIlt' oeLOSpOI'(' has fOUL' strong ridgl's on Its eonstrictNI posterior 
pnel rOl'llwd by t1w thil'k pxospon' or tlw spun' wall dig, 531. The 
polar filnnwnl makes H enils inside tilt' SPOl'(', tlw Ilrst 3 1 of' lhpsp!j 

rortlwd by till' broad basal portion dig, 541. TIll' sporonts secrete 
gTttnuh·s that dump to form larg(' dpnsl' masses dig, 551. The ultra­
slrUl'lure nl't1w frel' SPOrl' i~ much dirrprl'nt 1'1'0111 that of'the octospore 
found in IUl'\'tH'. 'I'll(> frt,(, SPOI'l' has a \'Ny thin and smooth exospore . 
•\ lnrgp empty .,wuoll', n short polar Iilanwnt of' unil'orm diameter, 
and a ~rnnlllndistind polar(lpla~t dig, 561, This is till' only species of 
P(l 1'(1 fhcloi! (III ill i 11 \\'h ieh lhl' ultl'astl'l,leturt' or the' u nbou nd spore 
ha:-; bpl'n stLldied, 

All mnlt' larn1l' lWCOllW patently inf~·etpcl in the last instal' and 
sHCel! mb. All remalt' larnl!:' sun'i \'P to bpCOlllt' adul ts. wh ich trans­
mit thl' clispasl' to tlwll' pl'ogeny \'in thp ovaril's, Uninucll'ate spor­
onts 111 fl'mall' lun'up lip dormant in the hemolymph until th~' last 
Im,\,,1 moll. at which tinw tlwy 111"adp ot'nocytes that ha\'(' migrated 
to tlw \(,l1tml din'rtieula. Hl'I'P L11l'Y b!:'COllll' closely appressed to it 
.l.t tlw nnw tl1l' adult pmprgps from tlw pupal skin, Shortly aftl'r tlw 

1'~I;,UIl 

FIt;' Hl- :i 1 [.'n·sh <J('tospnn's of PCll'Clt/tl'ioiwIIHl all(){Jhelcs (Kudo I. " 2,000. 



I';'; \,101 

F;,,' In;,2 Ilt'ldl'nhi\ln'".lwl11;,ltll~.vhn·"t.ltlwd Ilt'toSjllll:l'" 111' P. IIIwplwlls. x ~.O()O. 
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Fl.,! R~ ;)7, A'rwm:;n·;ltallwd sporont,; or P (l1!"pi!l'lls thnt lpn' !'lSI' to fr(>!' sporC's. 

" 2.000 
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femall' tokl's Iwr first blood fepcling, the multinuciPat1:' "poront" di­
\'idl' by cytopb:tsmic di\'ision, producing many binucleatE' sporonts 
lfi.g. 57l, and thp ()('nocytE's bn'ak freE' of tilE' \'l'ntral divE'rticula and 
migratl' to the ovaries. Thpse binucleate sporonts bpcoll1P sporo­
blasts and p\'pntually {'rep sporE'S sonwtinlE' during the transforma­
tion of' ovuriolPs to Pggs. 

Parathelohallia barra (Pillai, 1968) comb. n. 
'/'h ..I,,/zullltl /JClrra Pdlai. l\l(lll. Z. Angp\\, 1·:nlo!l1nl. G:2: aBo, 

SporE' siz~'. --Li\'i ng octosporps Il1N1SUl'(' 3.77 ± 0.34 x 2.63± 0.2R p.m; 
I1laerospores nH'Hsure 5.73 -7.HOx 3.64 -5.09 p.m. 

Host.--Aeclcs ollstm/ls I Eriehsonl, a mosquito, collected in NE'w 
Zl'alancl. 

lnfpction "ite.-Adipose tissu(' of larvae. 

This sppcies is polymorphic. ha\'ing spores that vary greatly in 
si7.p and shapp, some b~'ing \'pry largE'. It is the first Porathelo/wnio 
sppcips reported from a mosquito in a genus othpr than Anopheles. 
Nothing i" known of the sport' ultrastructure in lan'ae or of the 
sporogonie "lagps in adult femall' hosts. 

Parathelolzania chagrasellsis sp. n. 

Spon' sizp.-Li vi ng octosport's measure 3.07-3.92x 2.12-2.44 p.m. 
H.ost.-Aedcolllyia sqllamipelllli.~ (Lynch Arribalzagal, a mosqui.to. 
Inrection sit('.-Adipose tissue of larvae. 
HolotYPP.--Chagras Rh'er. Canal Zone. Mar. 6. 1973, USNM No. 

24395 (Anthony. Hazard, and KeenanJ. 
ParatYPE's.-USNM No. 24396: World Health Organization Ref­

en'nct' Center. Ohio State University, Accession No. 1660 (An­
thony.. H~lzard. and KeenanJ. 

CkLospores fixed in aqueous Bouin's fluid and stained with 
Ht'idenhain's hematoxylin are similar in size and shape to the 
stained octospores ofP. africana (fig. 58). and fresh octospores have 
u similar bottle-shaped internal structure (fig. 591. 

The spOl'onts secrete granules that clump to form large dense 
masst's within the pansporoblastic membrane (fig. 601. Tubular 
structun's are also formed. These metabolic products disappear for 
the most part during sporulation. but remnants of the tubular struc­
tures remain p\'pn aflt'I' the spores mature. The constricted posterior 
t'nd of the octospore is short a.nd looks similar to the spore of P. 
a/bca!lo. Its polar filament is also similar to that ofP. a{ricana, hav­

http:mosqui.to
http:2.12-2.44
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FH;n;E 5.s,-HL'idl'nhain'~-hL'matoxylin-stnined octospores of Parathelohania 
c1wgraSf!l!sis "p. n. x 2,000. 

FHa'HE 59,-Fresh o,:tospores of P. chagrasellsis. x 2,000. 
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1':-> 1:'09 

FII;t'ln~ (iO",-Di\'iding sporont and l11l'tabolie products in P. chagms(!lIsis 

panspol'Oblast. " 12.000. 

P:-," tfill) 

Fila I(F (H, l 'llrn~tl'lIt'tUI'(> or p, I'lwgmS<'IlS1.~ ot'lospol'l'. x 33.300. 



ll\g (i ('ods, tlw lil':-;t 2 lilrn1l'd b.\ tlw broad bn::;nl porLion (fIg. 6l\. P. 
I '!Jtlgrll:wl/sis d i ITvrs, hOWl'\'Pl" by lwing more strongly constricted 
and hH\'lng nHll'(' pI'omill('n[ ridgps at tlw postPrior pncl. 

;'\;othlng is known of tlH' splll'ont::; and ('r('p spores in adult ft'males 
{II' If" dispus(' IS t l'tlllSml ltPel \'in tlw ll\·urll'S. All patpntly i nrpcted lar­
\,It' till' III til(' last stadtullL Tlw :.;vx or til(' lnrnw having nctospol'l's 
\\il" nut dl'l!'f'Il11IH'd. ;'\;lltillng' nwl'l' IS known abollt til(' hosl-pnrasitp 
!'t·1atlOllslllp or thlS sp!'ci!'s. \\,p nHm!' this spl'l'i(ls c/wgnliH'IlSIS ant'1' 

tIll' ('Iwgt,;\s l{t\!'1' in till' Cnnnl Z\lIw. \\'Iwl'l' its host wus collected, 

Pllrathelohallia illilloisl'llsis (Kudo, 1921) 

I-Iazard and Anthony, 1974 


r::.'f·tJ1'trl"id '/!P.'!!; ... , Jr,'! .... l\udn. ~~)~lh.,1 ~lt1rphlll :Jil IGj 

1)(Pflw/.l.'t,.l!d!'Ja tll:'·o;"·r ... ;.,, Kudu Ul:!ll ~ttl,lnl ilnd Anthony, !ilt·1, P.H. I)t~p. Ag:.. 
'.. [",,'11 Bill! l.ill.-, IIi 

t". :"ill!':1<1 t,'.;.,,: K\ldo 'In parI '. l!J:! 1.1. ,\n-h I'l'lIlts\pnkd. ,If}: I.ttl; Kudo lin 
I'll t , HI:.! k. ill Illlli :'>ltln!ll!r !),:! ;1. 1·la. I,tld" till P'It'II, Ul2i)a. Z!'lllraihl. Bak­
!"!!"! P.lI.I'Il"llkd In!o'I'lIlln,,kl' I hI! ,\hl LOng. H6:1:1l; '\1i:;sll'oii Iin part I, l!)29, 
H.\ .\td,ltl,,1 ~. :HI.1. F.tnthnm pI <II 'In PM!', Hl·t L l'al'<ISLlohl/-,'Y :3:1: 202; \V('ls!'r (in 
1',lIt Ill!7 1'1' :'>hll\lhk.. 1'1'11' Spol 1'-;' :!S. I'oi""on lin partl, lH5a. III Tmitr d(l 
:"..1"'!1' I' I' ('r,h,,'·' "~It p IOti:l; Thnm~"n 'In part!. H160. ,I. [n';l'el l'athoI. 2: 359; 
\\',., •• , H\ p.lI·\ '. lilH\. .\\tllwgr Angp" Enl')lllnl. \7 I t:l; KUdo. 1962, .J. In,;('cl 
I',[tlh'[ I .n;\. <'h,tplll.\1\ .'t al !In pm·t '. I!hiH,.J Invprll'hr Pathol. B: ·15a; Andpl'Ilol1, 
I'l(h,.) ll1\"n"hr 1',\(h,,1 11 -I·I:!; TUlIr I't .IL lin pHI'l'. UJ71. Alln, I'nrnsitol. Hum. 
''''tllp Iii :lOS 

1'i!~'I:t;lf'/ntf~p'IU !f:~f·t"f ~lnlnlt'r~. l~l/·la.!I. I:,\t~rt('hr. PathoL 2:3: ,.102. 

Sport' SIll'. Li ving Ilctm'I)(lt'l's III l'(lSll 1'(' 4.8-6.0x 3.0-4.0 ,um (Kudo 
192(1)1, 'I.H.t4;O.Ofi"~l.1H::tO,O~,um (Chapman et al. 1966J; Giemsa­
;;taltll'd oclospon's ll1(,HSUI'l' ·t,:3::tO,07x2.9::tO,07 ,um (Anderson 
UH5;'{1. 

I{pst. --A.llop/ll'les PlIlI.ctiP(,Il11is I Sayl, a mosquito, collected in 
('t)nn(lt'tl~'ut. Illinois, and Louisiana. C.S,A.. and Quebec, Canada. 

Inrpt'linn sitl'.~II('moc)'tl's and ndipos(' tissue' of male larvae; 
lll'IH)('ytps and o\'urlPs of f('mal('s. 

TI1P Ot't(lSPOI'('S of P. illillois(,llsis dig. 62) are morphologically simi­
lar in SII.(, and ::;hape to thosp 0[' P. af!ophelis but differ in the 
l1ull1lwr or coils of tl1P polar filament, there being 6 coils in P. il­
iulO/sellsz .... ! 2 fOl'l1wd by the' broad basal portion) and 8 coils i.n P. 
tlIlIlflhelis I :3 1~ formed by the' broad basa I portion l. 

Wp do not know w!H'tlH'r 01' not sporulation of octospores occurs in 
both lnrntl s('xes or only in malt' lan'uE' as it does in P. (Illophelis. 
Abo, WP do not know nnything concerning a sporogonic sequence in 
_,,;ul'viving fpmnlps, 
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Fl\,' f\f ti:! l'ltt\btnll·tul'(' of oc'tllSPOl"t' of f'amtlwlullllllia 1Il!fl()is""!SI,~ (Kudo!. 
, 22.;i110 

Slmmprs I H)·tin l hu~ rppnrtpc\ finding Paralilf!lohania legeri r=P. 
lliwIIlSt'IlSIS.' in a mosquito prl'dator. PsornphorCL ciliata (Fabriciusl. 
Wp Iwsitatl' to li~t it a" a ho~t or p, illlllOis(,llsis until a diagnostic 
cornpari::;on l1f til(' ultrastl'LlctUrt' of thp microsporidia in these two 
mo::;quitllPs hn~ lWl'n givl'l1, sincp 11(' baspcl his identification only on 
SP0l'I' "izl'. 

Parathelohmlia i,~dica (Kudo, 1929) Hazard and Anthony, 
1974 

Thcln/WIlIll mtil('(l Kudo, 1929. Arch. Pl'lluHtl'nkd, 67 :3: Sen, 1941. ,1, :-.r,llm\ InsL 
Intha .1' 251". Wl'lS{'f. HM7., PI', ~lora\'sk(' pi· II', Spol 1~: as; Thomson. 1960. J, InsC'ct 
I'.tthn\ 2 a5~1: W"I';P''. UJ6G, :\PllltlCI hmyzu, p. ·IBO; Tour pt al. (in partl, 1971. Ann. 
1',1l',l,;\tO] Hum {'omp, ·16: 20S 

Tht'/ohullw .. hesCl Wpl~!'r on pal't •. 1961,;v!onogr Ang('w. Ento)1lol. 17: ILL 
PClrtllhl'l"lwr!l!l III/lim' Kudo, H1291 Hnznl'Ci tlnd Anthony. 1974. l'.S. Dep. Agric. 

Tl'l'h Bull. lii[),i' 11" 

Spill''' "ll.('.~Pl'l's(,l'\·C'd octospm'p$ l11C'aSllt'e 4.0-5.2 X 2.4- 2.8 /L111. 
Ho:,L ·-Al!ophl'!(',,· hyrcanllH {Pallasl, a mosquito, collected in 

lot!ta, 
[nfpction :,itt'.-Adiposl' tis::ilIt' of larval'. 
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Kudo I U)29) g,Wl' little information conct'rning the ~tructure and 
shapt' of tl1P octosporps of this species. Since all of the material he 
l':mminl'd had lwpn t'itlwr fixed in "C'arnoy-Lpbrum" ~olution for 
para[,f'in spctioning or prppaI'pd 1.1S drit'd snwars stained with 
Git'msa. it was not possiblp for him to see tlw charact('ristic struc­
tUI't' 0[' the SPOrt'S. Tlw sl'nior author of this pappr had an opportun­
lty to l'xnrnirw many specil's of rnicrosporidia-infecLpd anopheline 
larvt\l' l'ollpl'wd in lndia somp years ago, all of whil'h wert' son1t'what 
similar in structUrt' to tlw pn'\'iously listed spt'cies. Wll tpntatively 
plncl' this ::;pl'cil's in this genu::;, as did Hazard and Anthony (1974), 
based on our knowlPdgl' of til(' pre\'all'nct' of Parat/zeZohallio in 
nnllplwlil1l' mosqLlitot's in India. 

Paratize/ohallia il'geri (Hesse, 1904) Codreanu, 1966 

Th ..I"luUII!I "'N""/ Ht's~.. , lflO·li\, (',R SOl' Bl\ll 57: 570; H('s!:'l'. tHO·lb. C.R. Soc. 
BIIlI 37 371; AUt'rb,ll'h. lH I 0, DIt, ('nlc!o"pol'idH·n. p Ul6; Kudo Iin part), 1924a, 
Ardl. I'rnllslt'nkd.·1f} !-i7, Kudo lin part', W~,k, ilL BIOI. :'Ylonogr. 9(2·:31; 14:3; Kudo 
'In 11.1l'l '. LH:liia, Zl'ntralhl Bakll'l'll)l Parm;I[(·nkcl. Inlh'Uollskr. Hyg. Abt. [. Orig. 96: 
la 1. Kudn 111\ purl'. lH:l~l. :\rd\. Protl,;(('nkd. (>7 :3: :'Y!tsslrolt. 1929, R('\,. Malariol. 0: 

:IH.). FilnlhHtIl PI it! 1111 PM!', [H.II. I'arastln\ogv a:J: 202; S"n I III part!. 19·11, ,I. Ma­
iM [n~l [nell.!·1 ~ii~; WPI"PI' lin part', IH·17. Pl" :'Yl111'l\\'"kt' P;·I\·. spot tH. a~: Puisson 
'In part >. ll1iia. 111 Trnttt' til' loolngH' d) P Ur;1""(', pd. '. p, 106:3; Tholllsoll I in purl!. 
WHO.•J ln~('t't I'atlml :l. a5~), \\"PISt'l' 1I1\ pnrt •. lH61, :'Y\onogl'. Ang!'w. EnlOl\\ol. 17: 
II:!. \\"'hl'r. l!Hj;Jb.l1! In"pct pnthlllog\' ,E :\, Stl'lnhau>'. pcLI. \'01. 2: :lIH: \\'l'i,;pr lin 
pMl'. LHtiti. :--:"tl1lll'1 hl\\\'IU. p ·Iii~. \\"'IWI', 196~). An alia,; of' In';l'ct di,;pns,'c', p. 24ii; 
Kudo 'In [hll·t'. HJ71. ['rotHlllolog.\", p .~U); TuUl.· pI al. lIn part!, W71. Ann. Pnrosllol. 
Hum ('llmp ·IH. ~o~ 

1"lnltilt'I.,.iJ,II:It: ll'~""r ,[ 1"';,,t'. IBO·II Cndrl'Hnll. UJHG, 1'1'0('. tnt. Congr. Parositol., 
l~L Hl!j·1. 11112. 1I(l/<lrd and Anthon.\" H17·1, l·.S Dpp. Agrit'. Tl't'll. Bull. 1505: H. 

Tox,,~higl'(/ '1IIssIro/t \\'<'ISPI'. UlG I. :\\lInllgT Angt'w. Enlol11ol, 17: 117; Wpisl'l', 
l~){i:k. [lull w.u.n. ~S. l~;) 

Spllt'l' ~iz('.~Li\·ing octospores measure 6-8x 3.4 JLm (Hesse 
HlO·ln and 1904bl, ·l-.~6.0x 3..1- JLll1 (Weiser 19611; macrospores meas­
urp 12, i) ,um l Hessp 1904n tmd 1904bl; free sporl'S in adult {"emales 
ml'U~Llrp a,O-·Uh 1.5~ 2.0 ,um (Missirol i 19291. 

Host.-Allophell's maclilipelluis Meigen, a mosquito, found in 
Cz;('choslovukia, Francl', and Italy. 

[nfl'etion sit('.~Adipose tissue o{" male larvae; oenocytes and 
ovanps or ndult f~'n1!1les. 

ACl'ol'ding to tlw photomicl'()graphs or Heicknhain's-hematoxylin­
stairwd Ol'tosPOI"('S of \v('isl'r (19611 this species has spores similar to 
t host, of P. obelia, but tlwy hn Yl' ~l mort' constricted posterior end and 
art' pl'oportionatt'ly longpr than tlwll' width. The Cree spores in adult 
fl'mall's nn' l'longHtp and Clll'\,PC[ nl' bent and dl'\'plop in blood cell::; in 
tlw hod.v em-itips. Sinel' this s~)('t'il's is tlw typP Cor the genus. its 

http:l-.~6.0x
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ltltnl~tructun' should bl' ~tudipd ~o it can bp compared to that of 
ottWt' ~P'l·I~. >-:ot!ung l~ known of'the ultrastructul'C' of the sporonts 
01' sport's from l'ltlwr sporulation Sl'qUl'nCp in this specips. Lan'HI.' 
hUYlng Crunk inr('l'tl()n~ apparl'ntly sliccumb to dispast' in ('h(' last 
Il1star 

Kudo I lH::!91 Itsls SlX llthl'r Allopheles ~pl'cil's from lndia­
Anupheles bClrlllrm;lns \'nn dl'r \\\tlp, A. (!lull/loris Van (kr \Vulp, 
A hVl'C(llIllS I Pallm;l, A. /'(lllllwyl (\)\'l'I1. A, subpicilis Grn:.;si, and A. 
!·(11'11I/(/. IYl'ngnr I A. tilllt'slllS or I.\.uc!o)·-as hosts of T, l('gel'/. Also. 
Tout' 1'1 HI. ( t97t) uclckd an additional h()~t. Anopheles IClbrQllchicu> 

a{I'0p(!I'!'/ts \'nn Thll'\. ('rom Fnll1l'l'. Bl'forp Idt'ntificalion of tl1l'l:ip 
lllllTtlSpon<iw ellll 1)(' dl'tPrtnllH'd, thl'ir 1Iltrnstrllcturt' mUl:it 1)(' 
studll'd, 

Parathe/ohallia obesa (Kudo, 1924) Hazard and Anthony, 
1974 

r;"·[,,II<I'rIU ,,1"'''1 I'nd.,. Hl~k. III Illlll ~1l)Il11gl' lll~ :1 •. Ull. K\ldo, lfl~5n. Zl'll' 

n.llhl Bilhl,'11 .. 1 Pill"I~III'nkd Infl'\'ll"lv.:kr I" g Ahl lOng fl() ,t:l~; ;'\Ii:,;sirnll. 
l!'~!l, I{," :-'1.t1,It'IIII S ;\!Hi. \\""",,!'. HI·I';'. Pr :'I1"r,l',.,k(· Pi'll' SPill. Iii: :11'; Tholll>'OIl. 
1"{ill,.1 In-O'('I 1',lth,,1 ~ aGo. \\"'b"1 <Ill Pill'li, WIn, :-'I,,"ugr Angp\\ Entnllllli \7' 
Il! \\'Ill-••md 1l'·,IUc!UI11. l!l!i~".1 Ir"pl'll'hr I'.HIt,,1 -; l~. W('l~l'I'. HHili. :--:1'1l10l'1 
tum.'\1 l' Ilill, ILv.1l1i .IIHI \\,pb,·r. lfHiS ••1 Pr,.t"""'! l:i ,,20; Flilloll PI al . W'·1. 

r;,,,:,,i111 _, <I :,'.;"".' ['h.q'l1h111 "1.11 , I!l(}(l, ,J 11l\'prt"hr P .. thnl H: .I:la. Tour l'l al. Illl 
1'.\11 1971 \111: P.lr.blt"l IIUIII ('t"I1!, ,It; 2tls 

/"1':/:'1";"',,:":1/ "b"<1 ,Kudo, W:! I f 1.\1,lnl and .\ nthllll\,. !H'·I, ['S 1),,1'. Agnl',
r.·,.h Hull I~,tI,; II 

Spo\'!' ,.;lZl', LI\'ing Il(·tospor('s nH'tlSllrl' :1.fi-fi./"'-2.H,4.2 ,LLm 

, \l,lJ'ard and \\','\S(,I' 19GH'; prl's('l'\'pd llctospOrl'S nwaslI\'(' ·LO­
,t,,) ~ ;~,O :1.:1 ,LLm ,Kudo 192·kl; hving ['rpl' SPOl\'S nH'<lSlIl'(' 7.9x:Lfi 
,LL1l1 • I Ial.ill'(1 and \\'(,IS(,I' HHiH). 

Hll";( "AlIllphd,'s ('/'/(('/(1111' \\'il'dplnann nnd Anopheles quac/· 
I'Il/wcli/alllS SHY, mosquilOPS. ('011('('\('(1 in Florida. Gporgin. Lotl­
lslann. and Pl'11l1~yl\'nnl(l, l'.S.A. 

lnl'l'rlilln ;-;itp,·Iil'ltHlCytpS and ndiposp ti~;-;t1p of' malt' and ('('mall' 
1<11'\'<1l'; \ll'ntll'.\'tp~ and ll\'aril's 0[' adult rl'nHtll'~. 

TIlt' octospon' I:' :,hort nnd ont!, lwing only n littlp longl'r tlHln it is 
\\1(11' !l'igs (J:) and {i·ll, lTnlikl' mnny othl'r ~1H'cips, no inU'rnnl 
bot( !p.shapl'd st ruc! II rt' is ";Pl'n I n ph llsp-con t rnst m ierns('opy 0[' Ii\,­
Ing \H'lOsp{ll'l'~ III fn'sh "nll'nr~" Instl'nd. llnly II dark. thin. plliptical 
11IH' I,.; s(,t'll III til!' Ptl;-;tpl'lor P!Hl or 111<' SPOl'l'. Sporont" producing 
tllt'sl' tlctnsplll'Ps t',llllmtl dpl1sl'ly staining grnnu\P" ('asil~' SPl'n in 
(i\t'lllsi\'sl;tlllPcI ".'lW'U'S and Ill'icll'nhain's-lwmutox,vlin-stnilH'd wP[ 

snwal'~ Fn'pspol'l'''; an' bronc! nncI cylindrical and h(\\'l' a largp \'nc· 



1-'1<" In Ii:! F\'l'~h IIl'tO"POI'l''; .. I' Pllmthdohallill abe.w! I Kudol. X 1.100. 

p,\ Lif,! 

F (i·1 j 1,·,d'·IlIHlIll·,,·hl'ITI.lt••, dm·,;lillll,·d uctosporps or P. oI1l'l;(J. x 2.000, 
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uole l/tg. 65), These sporulate in oenocytes In the hemocoel, causing 
the blood cells to become greatly hypertrophied. Each sporont pro­
dt:ces six to, eight free spores. 

The surface ultrastructure of the octospore is similar to p, a.lLoph­
ells,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 f1'om which they de\·elop. 

Octospore8 sporulate in about one-half of male and female larval 
progl'ny, causing their death in the last instal'. This microsporidium 
is carried via the o\'aries to female progeny for only One generation, 
surviving female prog(:'ny 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 formed by the 
broad basal portion. and by the unusually large size of the free 
SPOrt's in adult females, 

" 


F!ti' Ht G7. Inll·)'nalultra;;tl'uclnrt· or p (lb("~(l Ot'lOspOJ'p. x 24,400. 



75 

Parathelohallia obSCllra (Kudo, 1929) 

Hazard and Anthon\', 1974
, . 

[,)',-1";;,1',;.1 "'''cr,'" Kuel,). lH~H. :\reh l'rnll"tl'nkd 67 ·1; WI'lliP!", lH47. PI' 
:'l"r.I\~k.' I'll! SpIll 1" :10. Thum"'J[l. lH!i(l,.J In~l'l't Pathn!. 2' 360, WI'IS!'!', 1966, 
,",Pllld": hm\ Ill. p ·Itill 

1""':"'.'11'''0: ·.b,·,,: W"h"!'1\1 pan·. HHi 1. ;"lm\tl~r Angt·\\ r:ntomnl 17 III 
Pt, :,,·:,1',.,1 :<'~.'r: S"I! III part., H),tI, ,I :.\,t1.1I' In,,( Imh,l ,I. 25H ~I'W liynllnym\' 
1',1" ,'i,.",". ';'<1"'<1 ,.h~t'I,rll ! K\ld ... H12!h IIM,It'd ilnd Anthon." 1H7·1. l'.S £)I'p. Agnr. 

r.,'r, 1111 r 1 :ill:; HI 

::;POI'P sllp. Pl'l'~l'r\'l'd ut'tospon's ml'aS~lrl' ·1.5.··5.0x3,()~3,5 fLm. 

!lust A'lo/llzl'h's lunl/Hl lypngar I, A. lillles/us of Kudo, 19291 a 
tUn :-qllll11, l'olll'l'tpd In Indw, 

[nf"l'! lIln Silt' (>rubahly ad i pm;p t IS:iUP of lan'aE', bu t not n'portE'd 
Il\ Kudu 

Till,.. ';PI'Cll''' ma,\' bt' :-lmIlur tn p, oclo/ugf'llt'lla, according to th(' 
dl'"tTlplltll\ of Iht' spun's by Kudo, \\'P lPntau\'ply place thi~ speciE'S 
III 1)ltrctthI'l'IIJ!({lIlti fur lilt' ,.;anH' l'l'a:-;nn:-; Wt' tndicatpd ror P. indica. 

Parafhelo}zallia octoiag£'lll'lla Hazard and Anthony, 1974 

/"":';', :", ,,".t .. ~<<I~"""':': n.t..ud ilne! Anth"I1Y. H17·1, l',S. Dl'p. Agnt'. T(>ch, 
H~ti, ! 4Od1 ..., ~~! 

:->plll't' ';l/p, 1.,\ In,!o!; tld\l~pOrl\S !11l'tlSllrp f),Ox 2.6 fLm; li\'ing rreE' 
"Ptll'!'''; tl\pa"'\1 J'I' :i.:i, I ;j fL Ill, 

1[" ... [ Annph/'!l','i !l/'('IO/,II'I/SI" ,Tlwobaldl. a mosquito. 
[nl'<'('I\.111 .;ltp llP11l0l'ylPs- <lnd adiposl' tissuE' of malE' larvaE'; 

""l\IIC\'tl''; and O\,U"W" Dr adult fpmn]('s. 
ll"lni\pp, K'ldllll<l. :\Igl'l'w. Sl'pll'mbpl' 1970, USNM No. 24397 

I !.\I.,ml· 
P,lratypt's CS:--::':l ;\0. '24:H)li; \\'orld Hptdth Organization Rer· 

l'n'lll't' ('pntt'l'. Ohl\! ::;tatl' l'niq'r;;ity, Accpssio[1 No. 1658 (Hazard), 

TIlt' IlettlS-plI)'I''; 111' this s~H'l'i('s an' {'longatp and hu\'p a long at­
[Pt1\hltl'c\ pOsll'rt()l' Plul \ fig, (1KI. '1'111' matUJ't' frN' sport's in thE' adult 
IPln,tI" ,tn' narrowly t'ylindnl'al. narl'!l\\'pr on thp ante'riol' ('nc!. 
('unl'd 'Sil!Hl' ... n drastit'nll,' Ih.11 tlll'y art' L'-" IUlP pc! I, and without a 
\ hlhh· \'<lrunlt, 

TIlt' Ilt'!U"Pllj'l'''; ~tn' h('(l,ll!' ndgpd. SOI1H' of tll£' l'idgps running tlw 
fu II h'ngt h Ill' IhI' "po!'t' I n,!o!;. ri~l' TI1(> l'on,;rrietpd postt'rior enc! is 
,,1\1'1l .Htt'l1ltatpd til ,1 hlunt 110ll1! iHnl.nrd and Anthony 1974). The 
pol.u' l'iI,llllt'llt I.; long, makmg S ('oil,; insidt' tilt' SpOl'(\, thE' l1rst 21:! 

!1J!'!lwd i1\ tlH' hroad ba,;al portion dig. 701. Xothing is known oftlw 
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ultl\b[rUl'lUl't'''' of spot'lInt" and spnroblast,.. 111 lan'"p 01' or sporonts. 

",p0l'lIblash. and fn't' "porI'S III 'ldull I't·ma!t·,'-
TIlt' Ul'tOSPlll't'" sporulat,· tn mall' hln,ll'. all or wlueh ;:;Ul'l'llmb to 

tilt' lnft't'twl1 111 til\' last lIlstdl' TIlt' Il('tn"pon'" or thiS spl'eips Ul't' 
t',ls!l~ dbtlngtllslwd h~ tilt' nd,~!'''' that run tlWll' full Il'ngth and by 
(Iw Illllg attt'lluatt'd Pllstt'l"lllr pml. 

• 

1'\ 1:~i~J 

F ,:, 711 (ntt"'n,11 IIltr.\stntt'tnn· tll I' "c/olag"'1""!t1 Ul'tll~p"n', • 21.00(l, 

Parathelohallia periclliosa (Kellen and 'Vills, 1962) 

Hazard and Anthony, 1974 


/'i",;,,;,,;.:',: !1."'I, ,,:.,,1 K,·tll'n ,md \\"Ills, H162<1, ,J Ins..l'! Pathlll 4: 54. \\'P(';t'1', 

1~H1H ;\..m",': lIn!\,';l ~, ,W(l 
l' l Y ,r,';;'- ,;·,t" ',r ''C'', t.:.",: l\<'ii,·tl .m!i Wllh· nIH:! fl,lt,u'd and Anthony, H17·1. l',S. 

11.·1' \;';1 ,·I"·l'h Bu:i l:itl:i HI 
\''''' ",,: ':,:I.Hill'" h.,il"II ..I ,Ii HUl7.1 In\Prt"br Patllll! H, 20 
r;·., ',I':'!" " "I' f l.ll.l~d .Intl \\"'bl'r. tHlli" .•1 Prlltll"""f I:) H17 

~pnn' Sll.P Ll \'l ng llt'tosP01"t'S nwnsul'p ·L'i I:!:: 0.06 X2.62:!:: 0.02 ,um, 
and Pl'l':-<Pl'Yt'd Ilt'tl)~p(ln's llWtlSUl'l' :3.1-i 1,7 (t06 x 0.04 ,urn ,Kpllen and 
W"dls t ~H)~,tI; itnng rrpl' SptlrPS IlWHSUl'P ;).54:!:: O.20x 1.73:!::0.07 ,um, 
and pt'P:"t'l'\,pd li'Pp spon's nwaslln' i1,71-i:!::O,l1-ix 1AH:!::0.10,um (Ke]­
ft'n pI at H)67', 

HlIstA'lllphdcs {rclllCl.';C(IllUS ~l(,('1'a('kt'n. n mosquito. collected 
111 Caltt'tll'nl<.\, l.' ,~.A. 

http:1.73:!::0.07


Inft'etiun Sitt'. flp[11ol'ytps <Inc! acilposP tissul' or mall' lar\,<w; 
ot'nm'ylps and O\'ant'~ of rpmal,'s 

Frunk lnJpl'llons nrp found only In m.al,' Im'val', wlWrt, tlw Clcto­

SPOrt':> an' st'pn Us whltlsh nUIsst's on tfw \,pntnl! sidl' ortl1£' abcionwn 
'clps{'rilwd as "dough lwlly" by Kudl)1 Patpntly tnfL't'tpci lal'\'uP USll­

ally dll' In tIll' last lnslat' TIll' "tailwc\ ol'tospons or this sppcips an' 
s1l11llnl' In shapp <Inc! strllt'tl1l'l' to thnst' of P (/fWpllf'/iS. but tlw rn't' 
spo\'t's tn adult ['PltHtlps dlll'pl'; (host' Ill' P (ll/opill'/ts an' o\'al to ob­
long unci "pol'Ulalp til till' n\'ant''', and tho,,\, or P. /wnculosa an' 
t'longatl' to cyltndrteal nnd SPOl"l1hltP in opnocytl's in til(' h('nHlCOl'l. 

Otht,'r Hosts of Undescribed Parathelohallia Species 

AI/tlp/w/!'s vlbim(lllllS WH'clt'mnnn 
Pllntthe{o/w 1/ l(! "p. I hl/.,u'd (\ nd Oldaert', hot, itwo 

A llopht'/es (l1I11lt1(lrts \'an c\PI" WU Ip 
Thf'/oh(l/l/(1 /(',..,Crt Kudo, 19~~l 

Anopheles h(/rll/I'()slrts \'an cil'1" \rulp 
Th!'lplwl/w legel'!: Kudo. 1~)~~) 

Anophl'll's hracllcyi King 
The/(I/z(lfll(l .sp. Chapman t't ~tl., U)GB: Chapman t't aI., IH67 

Allopheles c[w'WI'r I Mplgl'n) [ A. bl/ilrc(ltlls or Kudo J 
Theloh(11IlCli!'gerl. Kudo, 1924<1; \Yl'iSP1', H)·li, H)Gl 

A !I(}phe//',~ Iii !le'st (IS Gllp,s 
Paralh,'ln}wlltl/ sp. Hazard and ()ldact"l', hot' loco 

.-\ 11 ophcit's labr(lllC'llI(lc ((/mp(lrl'Us \'an Th 1(,[ 

Tlrc/o/zczllw legcl"l: TOllr pt <II.. 1~)71 

Anopheles mit (Theobald) 
i'al'(ltizl'lolwlll(1.sp Hnl:urcl and OlduC'l'!', hoc loco 

AlIllpJlt'lcs phCl"()(,III!IS Th('ohald 
Para/helo/wl/w sp Ilawrd und OldtH'n-, hoc loco 

,4\. !Iophcles pSf'udupu Il<'tl/}('1I1l is PS('U(/Optlll<'(rpelllllS Theobald 
ThcloilculI(lleger/: C'nnwy-Pnt'lwco. ] H6H 

A IItlpht'les suhPlctliS Urn::::::>l 
TJleiolwllw ll'gerl. Kudo. lH~~) 

A.nophcles trWfllIu!czltls (;\Plnl and Pl1lllH 

Pur(!/hl'/nh(ww ,sp. Hnl.,ll'(\ <mel Oldnl'I'P, hOl' IDeo 
A !lop}leles /'(zglJS DOl11tz 

TheIl/hunt(! Icgl,rt: 8(,11. H)·II 

A I)PI' '1t'/1's !talk,-/'( Tlwobuld 
Th"!n1i(1ntc/ ,,;p. Laird. Hl(11 

http:i'al'(ltizl'lolwlll(1.sp
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PEGMATHECA gen. n. 
Only OlW ~porog-()nie sl'lItH'net', producing llctOSPOrl'S in lan'al 

hosts, I~ known In th('sl' rnll'l'osporidia, but adult rpmaks ht\\'(, not 
bl'l'n l'xamllwd to ciptl'l'mi nl' wl1l't hpl' or not thl'rl' is n tra n::H)\'U rial 
~l'qUP nl'\', 

Tlll' panspol'obla;.;1 is ll\'al, ha;.; a ;';llbpl'rsistl'nt pnnsporoblastic 
l1Wmbralw, n nd l'ontai ns o\'tl! llt'tOSPOI'l'S with t'qua II.\' rou ncit'ci ('nels 
dig-, 711 Till' ll('tosPllrt' l'pteHns it.~ sha~w whell prl's{,IT('ci and stnirwd 
with Ht'ldenhuin's Iwtnotnxyiin and has a ;.;hort polar filunH'nt of 
unlt'orm dianwtl'r, 'l'hi~ gl'nu::; l~ llnlqllP In that nlltitllweil'llLP n1('r­
onts gin' 1'1::;(' 10 sp\'P!'td pansporohhtsts I-I to Hi) that rl'main nt­
tn~'lwd by thin strancls of' protoplasm af't('r di\'l::;lon until sOllwlin1l' 
aftt'l'sp01'Ulatllll1 digs, 7~ and 7:31, TI1l' young-sporonts Sl'~Tl'tl' small 
granull':-\ thaI an' rl'tnilwd by tlll' pnnsporobbstit' nwmbrar1l' until 
sporuintlOn ilig, 7-11, at \\'hleh tin1l' most an' apparl'ntly utilizl'd by 
till' sporoblasts in till' rorIll~lllon of tlw Sl,lIll'P \\'nll. ~vlIcrtltubull's an' 
Iwt ['ol'llwd in sporulating panspol'obIasts, Eh'l'tron photomicro­
graphs shll\\' till' llctO;:;POI'l' to hU\'I' a thlll and l'plati\'l'ly smooth px()­
spon' and a polar lilanwnt nr uniform dlan1l'tPl' dig, ,i)l, 

Till'; gPllus nH\~' contain IlUI1Wl'llU;:; Sl,ll'cip;:; bPl'HUSP tlH'Y ,lppl'ar to 
ill' ('l1nllt1on pnrasItl'S oi'blackllil's, \\\' nunw tIll' gl'nus Pl'gll1oth('('(1, 

11ll'<lning "i~\sll'nl'd east's" and rl't'prri ng tll t ht' muny l'OnlH'etl'd 
panspllroblasts dl'\'pillping fl'llll1 singlt' 11W1'On(s, \\'p ciPscrilw only 
ont' SP('t'Il'S. [>cgllwth{'('(l Slllllllil, which is till' typl' by ll1onotypy, 

F. ': ~ I 11,-1\1"1111.11'1", I\l'lll,\lu\\ 1111- ...1,11111'<1 <)ctosplln· .... 1t1l,1.1I\1/I'd· III l),'~matlll'nl 

""II.!" "'1' t\ ' ~,lln() 
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"'{>,' 

~.. "V 

r:-;~·1521 

~'\{a'RE 72.-F1'(':;h smear "howing group of connected pansporoblasts of P. simulii. 
x 1.100. 

... 

1'1'· .. 1522 

FWl'I!E 7:l.--H"Hh·nh'lI11's-hematoxylin-stained group of' connecting pansporoblasts of 
P. simI/iii, x 2,000. 
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Fit;. HF 7"1. "~DI\'idtng sporont In P. SU/lUlil pan~p()robla"t. x 12.000. MG. melabolic 
granul(.ls. 

". 

• 

P:\,·l;;'Z·t 

Fllil'ltF 'ii)" ·~llllrnslructun' orP. simI/iii oclospore. x 22,500. 

http:granul(.ls
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Pegmatheca simulii sp. n. 

Spore sizl'.·~-Living octospOl'PS measure 3,04--3.72x 1.92-2.48 p.m. 

Host.-Si/ltlllium tilberoslllll (Lincistrtiml. U blackfl.v. 
Inf('cliot1 sitl'.···-Adiposp tissu(' or larval'. 
Hololype.·Hatcl1Pt ('t'('pk on \Valclo Road n('ar Gainpsvill('. Fla" 

l'.S.A., Mar. B, lB71, USNM No. LA402 (Hazard ane! Swainl. 
PnrHtypt\s,--USNM No. ~4403; World Health Orgnnizntion Ref­

t'rt't)cl' C('ntpt'. ACCl'ssion No. lH62 (Hazard and SwainL 

TIll' li\'ing oelospOrt' is l}\'ul. hus no obsPl'\'ublc> v<lcuolp. and has 
('quaIl)' rOllncl('ci ('nds. tfw pnels of sonw appearing to lw triangularly 
pOllltpd in f'n\sh 11I'('pnrulinns. TI1l' SPOl"('S havl' not been examined in 
di.lutl' india ink Cor mucous pnvplopt's. Oetosporps lixpd in aqueous 
BOllin's Iluid Hnd :->tailwd with Hl'ielPnhain's lwmatoxylin are' oval, 
but l1l'v('r aplH'Hl' tn ha\'(' pointl'd ('nds. Matul'C' spores al'(' nearly 
lIllPl't'\'ious to thi;; Htain and many appeal' to lw nwlanizecl (fig. 7ll, 
'I'll!' pansporohlnstic IlWmhralw r('tnins tIl(' octo:->pores for n short 
tilll(' nf'tl't l'l'!HO\'nl from tlw body of tlw host. 

'I'll!' sporonts Sl'CI"Ptp mndl'l'atl'ly ;;izpd, uniform granules within 
t IH' pnnsjlorohlnstic llH'mbl'Hl1l' (fig, 74l. Thest' granules remain in 
tIll' pan:->pol'Ohln:-:t long nf'tl'r the sporoblasts [lt'(' formed. but they are 
('(·dUt·('c! [0 vpry fin(" irrpgularly Hpaced granulps during sporulation, 
'I'll(' Ol'lllS!)()!'('S hn \,p a thin ('xospore', a mociprately th ick enciospore, 
a small, lightly COmIH'l'SHl'd. Inl1wllatl' polaroplast. and a short, thick 
polar Iilanwnl or uniform diameter t fig. 751. 

WI' lHUll!' thi:-: spl'cips aftl'l' tIw gl'nl1S of its host. 

PILOSPORELLA gen. n. 
TIl(' adull f(,lllall' hosts hnv!' not b('('n l'xtunined; thercCore. we 

kno\\' nothing "bout pt'obnbl(' tl'ansovHrinl transmission of infection 
III" jli'odut'l ion of' f'rpl' spon's. 

Tlw pnn:->]1Ol'llblasts art' O\',tl and contain subHplwrical or splwrical 
u("{osPOl'PS 1 figs. 7G Hnd 79), 'I'lw panspol'oblnstic membrane is fragile 
ilnd hurst;; Imnwdinlply \\'11('11 l'('IlHl\'ec! from the boely of the host. 
Thl' ol'los[lOl'(, has u lhin('xosport'. n r('lntively thick endospore, U 
"on1('\\'11111 shol'[ polnr filnnwnt of' uniform diameter from base to 
ap('~, and a plllnroplnst l11:1d(' up or indiHtinct and widely separated 
lanH'llnt' ,rig;; 77 ancl HOl. 'I'll(' (lctospOl'(' walli:::; smooth. and the 
!J{'tosPlll'PS <In' wit !lout (l l1H1COUS ('nv('lope. Young pansporoblusts 
\,pntil\n lllunt'ro~ls granulPH (fig. HI). which are replaced by micro­
t uhul!';; I rig, 7HI wh('n ol'lilsporps nrc' formed. 

()n!:.: 1\\'0 sppcips nn' known. both from mosquitoes. The name 
jlt/u.<;/)()rt'llu 1l11'(lns "smaiL bnll-lik(\ sporE's." re['P1Ting to the shape of 
t hI' O('[IlHIHll'PS, \\'{' cl('signatl' P. (ishi as the type speci~'!'i. 

http:1.92-2.48
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Fit;! I!!' 7().· -Fr('~h oc:tll~pon'" tlf Pi/osporello dW[JmClIII sp. n. x 2.000. 

FIt:l HI- 77 ··l·lll'n~tl'lIcltll't' llrP. c//(/jJT/1(llli octospOI'C'. x ,15,400. 



__ Mt--.... 

P:--: -1127 

1"1,;, In ';"S Pnl1"p"r"hl~l"t of I' "htlIJ1l/cUlI cuntaining octo:>pOl'(':>. x 17.100. Mt, 
ltW,t'otuhu!"". 

Pilosporella chapmani sp. n. 

SpOl'(> sL-:l'.-Living octosporC's measure 2.80 ,um. 

flllst,··-Ae(/es triscriatus (Sayl. a mo::>quito. 

In('pction site.--Small isolated arcas in the adipose tissue. often in 


tlw h, .\c! and :-.ixth abdominal segment of larvae. 
Hn\otype.-In old rubber tin's near Lake Chades, La.. U.S.A., 

.July 1. 197:2. USNM No, 243H9 (Chapman and Glenn\. 

F'n~sh and pn'sPr\'pc! octospores are spherical (fig. 76), 
TIll' octospore hns a short poln!' fi lament making about 4 coils 

I ti~. 77 l. Mature pansporoblasts contain a few granules and many 
microtubtlle~ fig. 781. but only the granules arc seen in young 
pa nspol'oblasts. 

\Ve suspect that this species is not lethal to its host, at least not 
larval hosts, because the infection ne\'el' appears to be extensive in 
immntUl'(' mosquitocs. We name it P. chapnwni in honor of Harold 
C. Chapman, who found it in mosquitoes breeding in old rubber tires 
in Louisiana. U.S.A, 
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Pilosporella fislzi sp. n. 

Spon' :-;izl'."-Li\'ing octO:-lpm'l'S mea:-;Ul'p ~.33-3.13 ,um, tlwaveragL' 
lll'll1g :2.t):2 ,tUll. 

I [Otit.- Wycomyw ['(lllclll.::eei Dyne and I-Cnab. a mOtiquito. 
(nt'l'l'tIO!1 tiiLl'.-~"Aclipotil' tissup of larval'. 
llolotypp. -·In bro[lwlinc\s twal' Vl'l'O Beach, Fla., U.S.A., Mar. 21, 

UJ7:1. LISNM No. 24·WO (l"ishl. 
PHratYP('ti.-USNM N(J, 24401; World .Health Organization Rerer­

t' nCl' Cl'ntl'r, Oh io Slall' L~n i \'(,l'tiity, Acccssion No. 1659 (Fish). 

T1H' ortosporpti Hrl' sub:-;plwrical and han' a small, indistinct vac­
unit· d'ig. 7HI. 

Thl' ot'losporl' dirrl'l'S from that of P. chapmani by having a thicker 
l'ncill:-lpOl"l' and a longl'r IG coils) and narrower polar filament trig. 
HOI. TIll' young pansporoblasl:-l contain many granules (fig. 811, most 
or which an' l'l'placl'd by mierotubuil's during sporulation. Mi­
erlltulHlil':-l apPl'at" to bl' ['('wel' in tlw maturt' pansporoblasts of this 
SllPcil'ti than in P. ('!zapllwll i. 

P. fishi ctuttil'ti mort' e;dpnsin' pathologieti in its host than does P 
('hapl/Hllli in A. lriseriatlls. usually itwolving [1 greater part of the 
lm'\'nl fat body and often causing death in late larval instal's. Some 
infl'dl'd indi\'icluals, howP\'pr, survive to become adults when the 
infl'ction occurs in timall isolated areas of the host body. A spore 

F[Glnr: 7H·Frpsh octospores of Pilo.9jloreUa (ishi SIl.n. x 2,000. 



, 


w:,~ 
~,;; 

Ft<;" RF ,'il P;\I1~llOl'(Jblul't of? Ilslll contmnlnr: spo['()blnsls and nlPtnboIic grnnulC'H. 
" 12.000. 
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having a ditTprpnt shupp has bpPIl sPt'n mlxpd with tlw sl.lbspherical 
llt'tOSPOl"l'S in lHW larva. Thpsl' SPOrt'S art' pyriform. sonwwhat pIon­
gatt'. and not pnelospd in pansporoblasllt' nwmbranl's. 1'lwy nwasurp 
:1 1X fi 1·\" l.aH - 1.6·1 p.m. Wp dn not know wlwtlwl' 01' not tlwsp 
SPOt'l'S n'IH'pst'nt dlmorphLsm or anotlwr SpPCH'S, Wp nanw it aftp!, 
Durland B'ish. a graduntl' st\ldpnt at tlw L'ni\,t'rsity or Florida. who 
['ound It in W. {'Il/Hill::!'Cl hrt'pding in bromeltacis npar \,pro B('HCh, 
Flu 

SYSTENOSTREMA gen. n. 
\\\' know or on I~' 011(' dl'\'plopnH'ntnl Sl'qlH'nCl' In ( I\('sp micro­

spnt'ltlla. lind l~ produt't's octospnl'PS. 
Till' pansporoblasts nn' subsplwrit'nJ and t'llntnin small. o\'al to 

P.\TIf'orm nctospol'l';-; I lig. H~l, '1'11[' t'll1SpOrllblastic IHl'mbrnnl' is sub­
ppr;-;islt'nt, I"pmatning Intact only for n short timp Hl'lpr tl)(' pan­
spllroblnsts han' bpI'n rt'IlHl\'pd from tht' body of' tilt' host. 1'11(' 
llctm,p(l1'p has n thin t'XOSPOl'l'. a long polar rilanwnt abruptly con­
strtl'tmg {war Its middIP, and an indistinct polal'opla~t dig. H51. Thp 
pOOl' \,p:'lllutlOn or tl1\' lattl'r may lw dup to improppr ~pOI'l' fixation. 
TIlt' surl'm'p or tIl(' spon' wall I:' C(l\'prl'd with firw I'idgps. making tt 
Stlllw\\'hat \\'\'1 nklpcl. ()l \. id 1ng ::;poront:-i Sl'l'l'l'tl' gra nul('s (fig. Ha1 of 
lllllt'onn Sll.l' within tIll' pnnspol'ohla::;tic nwmhrnnp, which art' 
mostly rpplal'pd by miel'otubull':-i during ::;porulntion Ifig, H·\I, 

\\'t, nnnw this gl'l1US Sy"t!'Jlo:;tr(,lIlCl. nwaning "tbn'ad tapl'ring to 
H potnt" unci rplating to the polar l1lan1l'nt ",hieb abruptly constriets 
to a narrow c\t::;tal pllrtion. Only OIW :-ippci('s. S. tn[wlli, n'pn'spnt~ 

till' gPl1l1S and l:-i t h(' typP by \l1onotypy. 

Systcl/Ostrema tabani sp. n. 

Sport' sllP.-Li\'ing m:t():-ipol'l'S a\'l'rage :1.32x 2.m.; J-L1l1. llw rang(' 
IWlllg :11:1 :3..l[) " Ul1 ~.17 J-L111. 

Host. ~ Tabanll,":; l//leoia Fabricius. a hol'sl' fly. 
lnfpl'tilln ::;itl'. ~-:\diposl' tl~Slll' of larvtH'. 
1l{llotYPl'.--Orangp Lnkp. Fin .. ll.S.A., Apr. 2. 1973. llSNM No. 

~·t40·~ I Krwll l . 

Paratypps. --l'S~ivI No. 2·t·W5; \Yorlel Health Organization Rpf­
prl'ncl' ('~'ntpr. Ohio Statl' l..'nivpr:'lity, Acc('ssion No. 1666 (KIwlll. 

Frt'sh and prpst'I'\'pci oetospol'PS arl' o\'ld to pyriform and an' with­
out a visibh' '.'(lctIol!:' Ilig. H~l. 

loung SPlH'lll1t:-i SN'l't'tt' grnnulp:; of uniform siu' dig. H:31. and 
tl1(':-i(' art' rpplaepd by rnicrotubull's in pnnsporoblasts eluting sporu­
lation i Clg. H41. '\Ill' oclospol't's ha\'p a thin l'UgOS(' laYN. a sOIHPwh<lt 
long and abruptly constricting polar filanwnt. Hnd an ill·cIPfinpc\ 
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12000. MG nwtnholic·pul'oblnst. X •r S ((lballl pans. embrnn('. 1 •
·OlVldlllg t'p()ron~. (~;r.' p!,n:;pol'oblastlt' 111grnnu\('s, 
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polaroplasl dig, ?i:')., Thl' polar tllampnt makl'S Ie! to 16 coils within 
dw SPOrt', tIlt' first 6 l'Olh bl'1ng fornwd by thl' broad basal portion, 

Tllls nlll'l"Ospondlum enust's c\path of lan'al hosts. Littlp l'lsl' is 
known aboul lls host-PUl'Hsitl' l'l'iutlonship. Wt' nanH' this SPl'Cll'S 

aftt'r til\' gt'l1US nl'lt:; host. 

THELOHANIA Henneguy, 1892 

..\" ral' ,\" Wi' know, tIlt' SPt'('Il'S or this gt'llllS hu\'l' only one cit'­
\ I'lllpnwl1tal Sl'ljuPnt'P, \\'Inch product's o('tospOl'l's. 

TIll' pn Ilspol'ublasts a1'(, su bsplwl'Ie:d a ncl ('onlai n small. o\'a I 01' 

P\ n ('0 I' III 1l('luspoI'P" TIIP panspol'ohlasl it' nlPm bra nl' may 1)(' pl'l'sis­
!t'Il!. Ill' Il may burst sI1OI't1.\· art.!'!' till' pal1sporoblnst is cliss('etpd 
f!'lllll tlH' hod,\' or till' host. TIll' OC(OSPOI'l' has a thin l'XllspOl'e. a long 
pol'll' f1lall1l'llt Ill' ulllJol'm dianlPtt'l'. and a distinct polaroplast com­
ptl"l·d llt' ('Illllpn,,,;,,t'd lalllt'llal'. 'I'll!' wnll of the 14pllrt> is without sur­
LIn' ",t ru('t urp 

:\.Jlhing I'; known about till' ultt'n;;tt'l1ctlll'(' or tlw typP spl'cips. We 
call "Ill\, dl'SlTIl!l' th!' ultrastrlletnn' or a micl'ospot'icliull1 found in 

A"tll"/(S IlClill{l!'s L"l'!'houllpt 1- Allstm{lotallwbilis pa/lipes or Vey 
and \".lgll' rt'ptlrt{'d ttl IH' Theln/WllW c()l!ll:fl'olli Hentwguy by Vey 
alld \",lgo 1 W7:!I, Th!' spornnts Ill' thi14 mierosporidium SPCl'pLp small 
([1'1"'1' gratlull's that ;In' lwld by tlw panspol'oblastie nwmbrane until 
"pol'llidllllll, \\'11£'11 tlwy Hl'P I'Pplacpd by small tubukH IVey and Vago 
Ifl7:11 'I'll!' !l('toHPOI'P I'; uninucipntl' ancl has a thin Px()spon" a polar 
lilallH'nl fir lwady uni['ol'ln dianwtpr lor only narrowing gradually 
to\\,lrd If" >lpn'al l·IHII. Hnci a polaroplast composNI of tightly com­
pll'",,,!'d lampllap, 'I'll!' llU tl'I' su ditt·" of' t 111' ('XOHporp has no noticeable 
~lIrla('t' "trUl'tul'!' In tIl!' l'1t'ctron photomicrographs or Maurancl and 
\',-\ 1 I H7:ll. 

WI' "'U;;JlI'('( thal this gl'I1U;; is l'Ppn",pnt('ci by s('\'p1'al species found 
III d!'{'apod 1'!'u,;taCl'nns, but WI' cannot 1)(' c('l'tain until we have 
... Iudlt·d thpI!' ullrastl'ut'tUl'l' and tlU' ullrastructul'P or the type 
--pt'l'lt''';. Thl-/o/iu/l/(/ glU/'C/i Ht'nnpguy. 

Thelohallia contejealli Henneguy, 1892 
(' , ',I;,p':,! '''':f,',,''P'' Ilt'nnp.c:u\', III 1["IlI1P~\l." <lne! ThMohan. 1I-;92b. Ann. Mi. 

"',;r1 li:l!I, 1['-I1I11'gll\ '" Tlwlohan, 1"'~)2. Bull. St,C', Philomath. I'm'lti 'k 174: DlIboi~, 
l"<); (' It ~,,,. Btu] ,I t:;s. {furl",\', l.'l~l:l. Bull. l',S, Fitih Comm, for 1.'l91, II: 410; 
("l!J,\ 1"91 [{.'p I'S Fhh. ('.,mm ~(;: 1%: TI1l'lohHn, IR95, Bull, Sci. Fl', Bplg. 26: 
;ri~ !'t.'lllo'l t'itl:;, nil' 1'1 "("/OI'Il ,t1'i Krankh!'1t'iprl'pgPl', p, 72; L{'gpr and HugC'nmul. 
I.,. 1""7, \' It ..\,~'lt' 1<'1 :\v S('I ~(j: ;';,:1; Labbl', IIlH9. Sporozoa. il/ Dus Til'lTl'ich (0. 
Ihl-dl!l ,·d ',I' I [:!, i\U,,!"l'i\('h. HllO. Dlt' Cnldnsp!lI'idiPl1. p, 19(;; Kudo. 1~)24c. Ill. 
n, .. i \1. ,11-1':' 'l':.! :1, t:I:;, Sdll'rtN'hl'lI'sky. I~l~(j. Zool. Anz. (;5: 7J, Dollrus, 1935. 
Ih'l S,,(' ('..nil \qllllt·s ,I:!! 11~ I::!. I If); \\'pispr. 1947. PI'. MOl'(1vsl«' Pi,jr .• Spot. In: 
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27 Pllb~"n, lWia. 1'1 Tratl,' tit' ,w\Jlo~lt' ,p P (~r'I",.t'. I'd ',p 106a~ St'hnpprdalls. 
1":;4 V,"hkmnklwH,'n p :l77. Spr,\g1H'. 1~J65 .•J Prot"woJ 12. 66. Spl'ilg\l!'. 1970. 
Am Fhh Sill- Sp",- Pu!>1 :; 4~f;, Suman ,Iml \\'p,;tm,rn, uno. Ann. Zool F,'nn 7: 
l~l,l. \','Illum. U171. P.lr.ll.ltolllgl\;1 'i I.-Hi Sprag:\l!' dnd ('IIUl'h, I~J7L.J Pl'n(llLOnl IH 
"do \.'\ ,·t .11 . U171. (,R At'ad Agnt' Fl 'i7 l'i·Ill. :>laurand ,Ind \','Y. HJ7~l, Ann 
P,Il.1"(1l1 IIUlu ('"mr' .\,', ·111. \'t'Y and \'<lgl" H17'L ;., Fn'"hwi\\,'r l'ra~·ti"h IS Ab· 
1 •• h.HII,,"lt I,d·. P lt1!i 

['I!""/',I"'<I ~I' \·t·\ .un! \'agll, Hl7:!. Anll H~'dn>bl"l :1 til 

SpOI Hl".!:l ,," I [ .. nlh·gU\ ,lOt! 'l'11<'J"h,ll1. lS~l~a, {. R SOl' BlOl .\ iiH5 


Spon. :,ILt', (ktnspot'I'S THPasu!"" 2,0 3.0 ,um (Hpnnpguy and 
Thplohan lHH2b; Tht·lohan l1iH51; a,o~ 4.0 tun tGurlPy ltl941; 1.5­
~':i' 12:1 l.:1,urn \ [)oll(,us lH:3f)1; 4.6,,2..2,um ,Sumari and \\'pstman 
U)70'; :l.:3 :Uh2.0 2A ,um. Hying spot'PS I\'oronin IH7U; 3.4x2.3 
J.Lm '\'f'.\' and \'ag~l 1H/21; 3.5- -LOx 2.0 ,um. HYing sporE'S (Malll'and 
,tnt! \'tl~' n17:3 I. 

Hll..-t ... Astac/ls 17ul'wtllll, Fabricius (=:.-.\.stac/ls CIstacusl {Hen­
twgllY .mel Tlu>lohan ItlH2b; Gurley IH94: Sumari and Wpstman 
ur;,o; \'Ot'Ollll1 1971 I; Astncus pallipes Lpl'pboullet I =Austro­

!Into !>wiJtllS I Atlall tOC!stacllS 1 pall/pes l (Dollfus 1935; Sch~i.perclaus 
190.\, Vpv t'l aL 1971; 'ley and Vago 1972; ~daurand and VPy 1973; 
VI'Y and Vago lH73l. crayfish. collpl'tpd in Finland, France, Ger­
many, and l',S.S.R. 

Inj'petllln ::>itt'. --Musculature (Henneguy and Th€'lohan 1892b); 
l11usl'lllaturt'. lWHl't. brain. conl1l'ctin' tissue surrounding the gut, 
and t1w Plwl1lopnwnt of thl' twa!'), (\'Py and Vago 1973l. 

Tht' tll'toSpOI'~IS art' o\'oid I Hl'nnpguy and Thelohan 1892b; Thelo­
han 1HHf)1 or shghtly pyriform (Maurand and Vey 19731. Since they 
,H'P not a Iways l'ndosl'd by a nwmbr(1np. accordi ng to Henneguy and 
TIH'lllhan , lx92bl and Gl1rl~'y (18941. tlw pansporoblastic membrane 
must not ppl'sist. 

\'p.\' and \'ago, IH72 and 19731 and Maurand and Vey (1973) have 
l'pportl'cl on rlw ultrnstrUl'tllrt' of a microsporidium, which thpy iden­
tll1l'd as The/(l/wnia cOllt(jeani. in J\.staclls pallipes, Whether or not 
thIS microsporidiutn is iclPntical to that of Henneguy in Astacus 
l711t·wllll,., l'enHUnS to bp dptermined through electron microscopy 
studips of mfpcted typP hosts. The dectron photomicrographs of 
ylaurand nnd Vey ( 19731 show that the spore has a thin, externally 
smooth px()spon'. a gTadually narrowing polar filament, and a large, 
ttghtly comprpsspd polaroplast. Electron photomicrographs 0(' Vey 
and Vago t IH731 show granul~'s in young pansporoblasts. which are 
rt'piUl'pd by short tllblli.PS when spores are formed. 

This spel'ips is t<'ntl;ltin'ly lwld in the genus Thelohania pending 
l'jpl'tron microscupy studies of thp type species. Thelohania giardi 
nenm'guy. 

http:tllblli.PS


III !J\!t \/'lllI.LFIl\ !",.\l1 ['.S DFPT O!':\(;Hlct·l.rl·HF 

Thclohallia duorara Iversen and Manning, 1959 

!', r '", .'~',:,. ( •• ,t,rl', f"",,,,,,'n ,ltld \LH~n;H~ 19.1~J. Tran.....\1\1 Fl~h SOl' H:-;;: l:{O~ 
L , "'" ,·)·.i \'\1' \(.>!.! l~l!i t Bul: \tll S,' (;ulf {',mit. ,.j ;"nl; Hutton. IBtl.1. 
! 1 III \" \1" !'h,' s",· "; 1·111. Sp!,,~ ..1' 1~lIi.-, .1 1'1.'lll/l1u/. I:!.: (iii; Sprag:ut'. IH70. 
\ .. (-:. ..;'" Sp•. , I' ;!" -, L!.i. SpLI;';w· .. nd ('''licit 1~171, ,J Prnlultllli 1~: iiaO. 

r·. ' . ,", ',j. ·l"n.'.-. l~l'i". \"'" S"uti\l',bt Bit)/. Bull. ii LO 
/'.' .!'.: 'I' 1\"",.. 1'1.','1 rul.l!l'· St',,,! 1.",,1 7 1:1:-, 

Splll'l' --111'. LI\lng-llet()Sp()l'l'~ tll('aSdl'l' 5.,t,~3.6 J.tl1l. 


1111 __ 1. [>"IICI t' l/.'; t/uprurlllll Bllrkl'nrtlad (jn'n-wn und Manning 

1~1.'i~)': [1 hrust/lt'II:;/S Latn,tllt. t l\'prspn and Van iVlt>tpr IH64l; P. oz­

I ... II .... hI'S I Kru"l' U)ii~); Hutton U)(~·tl, a shrimp, eollpetpd off thp 
1'11.1-..( of Flunda. l'.S.:\, 

Infl'ClItln ...,Ill' :-'lUSl'llbtlll'l' I !Yl'rspn and iYlanning 1959); lwart, 
:': 11 t1ads. brilln. and tllUSelilatun' Iln'rs('o nnd \'an Ml'tt'r IH641. 

:\tlthlng IS kllown Ill' tIll' ultrnsrructul'l' nf' thi~ ~ppcil's. it is Iwld in 
tIlts gt'lHIS pl'llthng (·!t·('tl'on mICI'I)Sl'OPY studil's of this sp('cips and 
II\!' tYpt' SPI'('ll'S. Thcln/Wl//([ gwrdl Hl'ntwguy. 

The/ohania giardi Henneguy, 1892 
r:·,:, .ir,: ":.: ",,',v.i, H."'I\P>:U\.;·' I!t'nllt'~\l~' and Tlwlllhun. 1H92b, Ann. Mil'rogr. 4: 

1.:1'1 1I'lllwt!!I\, '" Th,.J"h,ltl. 1 'i!I:1. Hull. :-;0(' Phtl'Hnath. Paris ·1: 17.1; Gurit'Y, 1893. 
B '1, I S Fhl! ,'''llall rn," l~~l(. 11 HII; (~urll'.\,. 1S~).J. Hl'p. l'.S. Fish. Comm. 26: 
:1tl l. I'IId.,h,IIl, 1"!li. HilI! ::-in Fr Bt'lg :!.Ii: :l!i:!.; Pt'l'lff('r. IH9il, Oil' ProtozllPn als 
K'.lt1klh·lh"ITt'>:t'l. p 7:2. l..,;!!'!' ,llId lIagl'nmull"r, U';~J7. C.R. A",;oc. Fr. A\·. Sci. 26: 
", 'Il. Llhl>". 1.',!)!I. Sp"l'>l/oa. '" !la, TIt'IT!'lch ,0. ButHehli. I'd. I, p. 112; M('rcil'r, 1908, 
I' ({ ,\'-,1.1. S(\. I III ;1.1. ~ll'rt'lt'I·. IfIO!). Acad. R. Bl'!g.. Cl. Sci., Ml'm. 212): 30: Stem­
p•. j I !'ltm. -\n'h I'l'Ilthtt'nkd, If) ;1.\(}; Am'rbach. IB 10. Oil' Cnidospo!'iciiE'n, p. 196; 
S"hllh"lg:, Il))(l. Arh Kal:'. (;t'O;lIndh. :!:l: .JOG. .JUi. 417. ·lltl; Kudo. 1924(', III. BioI. 
:\l"B"!!;1 ~1':2 ;\'. I:Hl; \\'(,1';(,1'. H)·Ii. PI' :\!o!'H\'"kp Pj·lI· . ..spol. 18: 28: Poisson, 1953, in 
Tr.llt" lit' /Illlj,'gll' • P P (fl"l~S(" ..dl. p. lOtl2; Spragul', [965. J. Protozool. 12: 66; 
SI'I',Ig-".,. HJ70. Am. Fl"h. SOl' Sppc. PuhL il; ·12.1; Spraglll' and Couch, 1971. J. Pro­
1·.';'l<,1 Pi .'i:lO, (h(,!,,,tl'l'Pt and \\"Pldnpr. 197·1. Z. Pnra::qt('nkd. 44: 171; Hazard and 
.\nthlll1\'. W7·1. !' S [)pp. Ag:rll:. Tech. BulL lilOil: :l. 

'Spnr'l/n,Il!''''' Hl'IlIWgUY and Thl'lohan. Il-lB2u, C.R. Soc. BioI. 4: 585. 

SporE' sizt'.--Living octospores mpasure 5.0-6.0 fLm in length 
(Hl'nnpgm' and Th('lohan 1892al and 2.0-3.0 fLm in diameter (Hen­
npguy and Tht'<]ohan 1892bl. 

Htlst.--Crangoll Cl'allgOIl Linnapus (=Crangon vulgaris Fabricius), 
tl shrimp, collpcted in France. 

[nfpl'tion ,;itp.,-Mu8cu]ature. 

Tht' living ,;pore, \'CI'.Y refringent under the microscope, is 
pyriform and, aecording to Gurley (18941. has longitudinal stria­
tHlns. Fn'llu('nt!y, mHcrospores are formed in pansporoblasts and 
thl's~' havl' abnormalities-for example, constrictions near their 
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middlt>. Tlwsp apparently n'sult when nuclei fail to make the last 
division just prior to sporoblast formation. The pansporoblastic 
nwmbranp is vpry thin, but it is easily seen in fixed and stained 
pn'parations. 

Nothing is known about the ultrastructure of this species; there­
['Ort', thl;' gPIlPric status of other species found in decapod crustaceans 
may possibly change after the ultrastructure of this species, the 
typl', has bl'l'n studipd. 

Thelohania maenadis Perez, 1904 
Thd,,!wl!w 1I1(L"Il(ldl,~ P('r!'z. 1904. C.R. Soc. Bio!. 57: 214: P('rE'z. 1905a, C.R. Soc. 

Hhll .'i~: 1·1t'; l't'l'Pl. If)05b. Soc. Sei. Araehon. Tn1\'. Lab. 8: 16: P('rez. 1906. C.R. Soc. 
Hwl fiO 1 ml1; StPmpl'll. Hl09. Arch. ProtlslPnkd. 16' 341; Alu·rbach. 1910, Dil' 
('lll<1u>lporidh'l1. p. 120; Kudo. W2·k, Ill. BioI. Mo11Ogl·. 91231: 141; Wl'i,;er. 1947. PI'. 
i\lnl'l\yskt' hit,. SpoL 18: 27; SpraguE', 1965, ,J. Pn'tozooL 12: 66; SpragllC'. 1970, Am. 
l"1"h SO\·. SPPt' Pub!. 5: ,125; SPl'llguP and Couch, 1971. .J. Protozoo!. IS: 530. 

~;pon\ siz!;'.~Octospon\R measure 5,Ox4.0 ,um. 
Host. -CClrcilllls maenas PE'nm1nt, a crab, collected in France. 
infection site.-Musculature and ovaries. 

Tht' pansporoblastic membrane is persistent and remains intact in 
salt watt'r for seypral weeks. Vi\'ares and Tuzet (1974) reported an 
additional host 01'1'. marnadis. Carcinlls medlterranells Czernavsky. 
TIlt' 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:' species of this genus, we tentatively hold it 
in The/o/rClllia. 

Thelohallia paguri Perez, 1927 
The/ohal/w j)(wurj PP\,pz. 1927. Bull. Soc. Zoo 1. Fr. 52: 99; Sprague, 1965, J. Pro­

t(ll,oo\ 12. 66; Spt·aglW. H170. Am. Fish. Soc. Spec. Pub!. 5: 425: Sprague and Couch, 
W7l. J. Protu.wol. 18: 530. 

Spore size.-Octospores measure 4.7x 2.9 p.m. 
Host.-Eupagllrus bernhardus Linnaeus, the hermit crab, col-

11'ctPd in France. 
Infl'ction 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 
speci!;'s, The/ohania giardi Henneguy. 

Thelohallia petrolisthis Sprague, 1970 
TI!!'f,'!;UII/(l petr(l/(stIHS Spmgul', 1970. Am. ~'ish. Soc. Spec. Pub!. 5: 425: Sprague 

;md {'(luch. W7t. .J. Protnzool. Ill: 530. 
Thl'/<lhotllO ~p. Sprngul'. 1950a, Occas, Pap. Mar. Lab. La. State Univ. 5: 5; 
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Spraguc, 1954, U.S. Fish Wildl. SCI'\', Fish. Bull. 55: 251; Sprague. 1965. J. Protozool. 
l~ 66. ." 

Spore size.-Octospores measure approximately 3.0x 2.0 p.m. 

Host.-Petrolisthis armatlls (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 
of 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 3pecies 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. 

*Thelohallia aCllta (Moniez, 1887) Schroder, 1914 
*TlzeLohania apodemi Doby et aI., 1963 

Thelohania argyresthiae Issi and Lipa, 1968 
Thelohania astcrias Weiser, 1963a 

*Thelohallia baetica Kudo, 1923 
Thelohania barbata Weisel', 1969 (nomen nudum) 
Thclohallia bal.eri Voronin, 1974 
Thelohania brasiliensis Kudo, 1924c (nomen nudum) 
Tlzclolzania breindli Weisel', 1946b 
Thclohania cambari Sprague, 1950b 

*Thelohania cepede Hesse, 1905 
*Thelolwnia chaetogastris Schroder, 1909 
*Thelohallia cheimatobiae Kreig, 1956 
*Thelohania chironomi Jirovec, 1940 
*Thelohania cladocera (Pfeiffer, 1895) Jirovec, 1936 

Thelohania colu.mbaczense Weiser, 1960 
*Thelohania corethrae Schuberg and Rodriguez, 1915 

Tlzelohania cyclopis Weiser, 1945 
Thelohania dasychirae Issi and Lipa, 1968 

*Tlzelolzania diazom.l Kramer, 1965 
*Thelohania disparis Timofejeva, 1956 
*Thelohania ephestiae Mattes, 1928 



95 REVISIO:-; OF :-.nCROSPORIDA 

*Theloharzia eriogastri Weiser. 1957b 

'"The/ohan/a f1brata lStrickland. 1913) Debaisieux and Gastaldi. 


1919 

The/ohallia grassii :'vlissiroli. 1929 

The/nhan/a heredeteria Bulnheim. H171 


'''The/ohani(l hessei \\\'iser, 1961 
'''Thc/ohallw hyphantriat' Wcis0r, 1953 
'"The/nhallia jan liS Hesse, 1903 
'''Thclohan/a IIIcsni/i Pai\lot, 1924 
"Thelohan/a lIIillor Geot'gh'itch, 1954 
"'The/nhania IIllltabi/i~ Kudo. 1923 

Thelohullia IIUlIa KL'llPn and Lindpgrpn, 1969 
"The/nlzall/a (Jehr/c!cll.qis Gl'orgE>\·itch. 1952 
"The/nizllll/o (Jcic% lAuerbach, 1910l Kudo. 1924c 
"'T/ze/ohaniCl pillgllis Ht'sse, 1903 

The/o/wnia p/cctrocllL'mia(' Weisl'r, 1946a 

*The/ohania pr/sfipho/'Oc SmirnofT. 1966 

"Thc/ohuniCl pyri/clf"lllis Kudo. H)24c 


Thl'lo/wlIiCl rcnij'ormi.., Kudo and Hetlwrington, 1922 

""Thclo/zania rilithrogclICle \\'eisN. 1946a 

*The/ohnll iCl sim i lis \\\'isel'. 1957 a 

"The/ohmzia lahalli Gingrich. 1965 

"The/nhania tholl/soni Kramer. 1961 

*The/o}zonia tiplIlac \vpisscnberg. 1926 

'''The/ohania l'anc/eli Poisson. 1924 

"'Theio/wilia {'OlICS/WC Chorine. 1930 

*Thelo}wnia {'or/nils l Ll'gN. lR971 DC'baisieux. 1919 


The/nhania {'clioc Weiser, 1961 !=T. ['e/iae Poisson, 1929 or Weiser 
in U)611 


"Thelnilania ('irgu/(1 ll\lonil'z. lSR7) Kudo. 1921a 

"The/o/wlIi(l lL'ciseri GUnther. 1960" 


Thc/o/wllia u'urllli \VPlser. 1946a 
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Ing 11,·\ ..1,,1' Illt'Il( III Th"'oilm:1<I hr(I,'lmla ,SII'll'klal1d. l~) 1:11 nn!'I' I'n'pz(" 
<'ldlll1g.1 I'I'olo/,,()1 ~(l: (i~~ li:~(l. 

1."111 .•J , ,1I1d \'il\, ra .•J 

Hllil 	 \11I"'1\h "!l\l'lopl' as ,\ ta'tllltll1ll,' l'IwnlClpr In enitlo,;poridinn S!l0n',:;. 
I. \1>,ll'.,.J l'rnt%tli ~: IS. 

l!lli:l \JUt'OUS ,,1\\ .'JOPl·"; or "pon's of til(' "ubphylulll Cnldo;;pora (Doflpi 11. 19011, 
\' ,"In ('""k ~pol. ZOtl1. ~7: ,I (l 

1.1!tt .. ' II 
HHil Impl'tl\·,'l1ll·nl" 111 "pOX\' n'sin l'11l1wcldll1g llll'lho(Js. ,J, Biophy;;. Biodwtn. 

(\t,,1. t) IlHl ·'1·1. 
Lilli, ,\ . ,lnt! Splt·ndlll'!'. ,\ 

WO·I 1'"h,,1' 1'.·hl'llll' lind \'pr\\"andIP \likl'\1spnrielil'n, Zl'ntrnibl. Bnktpl'iol. 
[l'lntsuI'nkd 1I1r"kllOnskr. I i~'g. Abt. I. Ol'ig. :16: 64ii 6liO. 

:'ILtlll·". {1 

IH~," ('hl'l' ell'n Ent\\"ll'klungsg'nng dpr \Iicrnsporidip The/o/wllia l'{Jhesliu(' unci 
dl., \011 Ihr hl'l'\'orgl'rull'J1l'n Krnnkiwitsl'r>,clH'inul1gl'n, Z. Wiss. Zool. 
1:1.;: ii:2G ;;1';;. 

\I,ltIr,lnd .•J , 'Inti \Janlt'I', .J. F 
1~l{)S. 	 ,\l'tIllI1S h'SlOp,ltitnloglqllt'" l'Oll1j)[ln\ps ell' para";ill's COl'illll1iqul's (1\'':: 

lan'l's dl' ':IIl1UIJI'>' ,(,h."lrielinil's, mit'rosporidil'sl, Ann. Parasitol. Hum. 
('''mp ·1:1: 7~1 K.l. 

\bur'lt'd.•J.. ;l1lll \'I'~'. ,\. 
UJ7:l 	 P.tuc!t' hlslllpalhoillgiqup pt ultrastructuralI' dl' The/a/w/lw ('onl(')('olli 

'\lil't'ospol'lda. ;,\q,,,'rnatidal'l pnl'",.;itp dt' I'('crp\'issl' AlIslropolal1lobills 
pnlltl'''''; Lt'l·phlluIlPl. Ann. I'nra~lt!ll. lIum. ('omp. ·IH: .111-421. 

\["ITI"I'. L 
l!lOS SUI' ip cil'Vl'[opPl'l1ll'nt pl In "tnlctllrp dC's sporps tiP Thelohallia giaJ'ch, 

t' R. Al'ml. SL'I. I·IG: :l,l:lH. 
I!lO!) ('tH)(nblllllln ,\ I'('llldl' ell' la s,'xunll\(' chpz Ips rnyxoHporidit's PI chpz Ips 

tnll'f'llSporidll'~. A('lid , R. BPlg. ('I. Sci .. :V1C:'m. 2(21: 1-1i0. 
\lts-;ll'oll, ,\. 

In~!l Stll ll1iL'l'ospnridl pnrnssiti dl'lJ' At!llp/Il'/es tIIaclllip('/Il1is. Rp\', Mainriol. H; 
:W:l ,100, 

\["lI"nh,tll,'l', II. II 
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to 1 

l~lt)! PI'blll' ,'1lI1",ddltlg llllxtlll'!", rill' 1I~!- III .-!t·l'll'llll 1llIl·I'OSCIlPY. Stain 
[\·d1l1o!. ;Hl II I III 

.\\.,\W· ... I{ 

1"~7 
:-':.Ig .. h. (' 

b:i7 
:\•• ll.,!, \Y 

l!t!O. 	 ['!''It\(' Bl'oh;lt'htungl'1l an pat'l~tl"dl!'n Proto/IlI'n .Zugl!'lch \'()I'lallligp 
.\ltltl'lillllg lIbp\, till' Ikt'rtH'hlllng 1111ll Sporng,lIuP \'0\1 L(/II1ie.~t,'r('l/(/ 

"IUIlIl/./ ('h'\lI~".1t '. ;\rdl I'rOl\:<tl'nkd . .j I l()~) lH~l. 

.\ I' 
,\11 ""Jlondla III tIl!' l'Ollll11011 lnad, 1\'llh pn·ltnllnal'~· lIhsl'I'\'atio\1'; on (\\,,) 
dllOIl\!lphtll' slIb"lal\\'!'" 1\1 lill'll' "po!'!'" .•J Am .\\t'd ,\,,;.ot'. 20: 5G I 5(i7. 

t hl'!'-II.,1'l I{ . and \\'Pltlll!'l' I': 
W7 I Dlllt'\'t'nl1.1lll111 Olllllt'r,,"pl11'1dlan "\lIl\'t,.t,lIls Illlnod••t'I"'OIfS sp['ugller gl'n. 

"t 'I' II 'I 1',lraslll'nkd 1·1 \(iH IKli. 
1',ldl,,{' ,\ 

1!1~1 SlI r T.I",I"h<llll<l ·/I.'SIII:" 1\IIt'I"h[lol'ld \(' 11ll1l \'('11" pa ra,,\lp til''; l'IH'\1 ill!,:,; cll' 
/'",/'1' 1"'l1ss/tIll' I. (' H Sill' BioI lll]' ;)01 :;0;1. 

[','n'!. t' 

I !llli 	 :-;lIr lIlH' lllllTO"p(lrllh., par,blll' lill ('01'1'1111." 111(/('I/(/S, C,R SOl'. BioI. 57: 
~II ~I.'i 

HHF>a. 	 :-;\l!' lIlH' llOll\ I'll,· gIUgl'ld!'I' p'll'asHI' \Ill CU!'('/lIIJS 1I/l1('lIl1S. ('.R, Soc, BioI. 
:;" I If) II~ 

H)():ih .\lwrn"ptlnlh.-s p.II';\")\('" til'S l'l'alw" tI':\rl'aehnn. Soc. Sci. :\rcacholl Tn1\', 
L.lb 'i. I;; :lli. 

WlIti Sill' lin ,'a,.. ti'l'Il\ahl~"l'n1t'llt tI!' 1'01',\11\' P,II' TIII'lollc/III(I IIlW'IU/(/iS, C,R. 
SOL' Hiol lill' IllH I ll]~)~. 

U1~7 	 :-':"t.,~ 'Ill' It's I'pll'ard"',, I-t II'S I'hl/tll'l'phah'~ dps l'()tl's til' FI'anc", I. SUI' 
l' "":"I"lgl,."US bl'rllh<ln{II.," t'l "\II' qtIl'Iqul's-un,; dl' ",,>, parnsitl's, Bull. 
Slit' /',)01 Fr ;.2 ~lH 1ll,1. 

I'h'lll.-r, L 
1'i!l.'i DII' I'I'Oltl!Il!'n als KI',It\kll!')\~l'n'l'g\'r :--iachtrugl', 122 pp, (1. Fisclwl', 

.It'IlOl 

Ptll.u. ,I S 
I!l(;... TJ,t'f";',II'i<! h,,1'1'<1 n "1'., a l\l1t'l'Ospol'ldian paraslt\' of' .Aedes 111rr/o('r/esi 

<II1.'!I"II.':s Fl'll'hslln, III :-':l'W Z(,.tlantl. Z Angpw. Entomo!' ()21.1I: :3fli)·-!3flH, 
1'1XI'1l·( ;ootindl, [1 

1!1~1l Th.· 'P"l'!- "tTh..r"halIlCl. ,\I'Ch. 1.1101. Exp. (;"n. :--int.,s Hl'\' , iiB: 17 ·IH, 
P~ll~~on. ~ 

1!12 l 	 Sill' qtlt'It]\\t's l11\('\'IlSpnl'ltIll's paraslt"" d'arthmpodl'';, (',R, Acad, Sci, 17R: 
I;!H t1!iti 

l!1~n 	 H"dn-rl'lH's sur It's \1urrtlSpOl'ldH'S para"llp, el.,>, hi'lllipli'I'\';<, Ill. Sosema 
. ,-[:,l.' n 'I', IllU'I'USP"l'IlIIl' pal';l"lt(' ell' \'!'lm ,'UI'I'<'/IS Fnb, Arch, Zool. Exp, 
(;"11 ti\) .•'; (,;l 

l!l:);l (lnln' ,It·, nH"l'<)"plln!h('~' /11 I' 1'. (;rassp ,,·d. '. Tl'aitl' cll' zoologil'. \'01. 1. 
1.I-c' 2, PI' III 12 lO70. i\\,IS"nl1 pt ('it'., Pan,.. 

SdUP'·I1'!.O'''' \\' 
1'1.1 I FISdlkLWklll'ltl'Il:! Aun. 70;; pp. Akndl'llllpo \'prlng, Rl'rlin, 

Sdlt·I'!' ,<'h.'\\ "kI, I ( 
l!l~t; .\hkl'llspr"lIlil'rl als Ern'gl't' t'ltH'1' '\luskL'll'rknlllkung dl't' FIlISskrl'hsl·. 

/.(1..1 ,\n? 0:;. Ii!! 71 
~('hrtJd."I', (l 
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T'It'l"IW'lItl ,·h<l('("~<l.'I/"[.,. "111'> Ill'UP III Ch<l"t,,~(!slt'r dWl'h(/l/IIS (iruith 
.,dlll\,lr,)t/t·nd" ;\ltl'rll~p(\ndh'n.1rt "rdl Protl"tt'nkd. 1·1: 119~ la:l 
B"ltI\I~\' 11I1' K"lllltl1l' PJl1I,;:,'r :\lll:rn::portdll'lI Zoo!. Alll. ·1:1: :1~O :1:~7 

Sd\llh,·r~ . .\ 
Wlll ('[WI' :\ltkrtl~I','ndll'n <1U~ d.'m I [ .. d"11 <i,'" Bilrlw lind dUl'ch ~ll' \·('rllr· 

~,Il"ht .. H q)l'ltrnphll' dpr KI'I'n,' :\l'h. Kal" Cl'"lllld :l:l; ·to 1 ,I:l·! 
SdJllbl'r~. :\ .. ;tnd H.t)dn~·lIl'l.. C. 

Ull i) Thd"J!<l'u!1 c"r..litru,· n "I'. "In" Ill'lll' ;\ltkrnSpllrtdll'n,lrt aus ('lll'l,thril­
LII'\1'1\ .\I'h K,llS (; ....;ulld !ill 1~~ 1:1~ 

St'n. P 
I~q 1 (Ill "<litH' :\ltlTlIspnl'llh,! tnt",tlng "')IlW ,lllnph"IIIh'S or lndl.l ,I. :\Iahtr. 

[11'1 lud!.I! 2'i7 2{il 
~t mrtlt'r,..J 

1!171,1 	 P(lrf1t Jlt'/piJt l'lftl /(~t'n 1ni"pclt n~ [lsor"pJ!Ilf'a l';t'/tlla . .J" 111\ t'l'tPhl" Pat hoI. 
:.!;L !!l~ 

U)';'·lb 	 ~lhTnslh)l'1tLl nf tilt- ~pnu~ Pttr'Ht J't'{O'hlfllCl tll'l'ltrnng In thrl't' =-,ytnpatne 

.... pt.·CH' .... Ht n\thqUltllP~. C"J.t: .... ,·!u :n!""~,,!C1, CutC.l J11pl('n~t.' ;:,Ind CulL'x t('r~ 

qltll:.'1.' III ",utlwrn IIltlltlh Tr.lI1~ III Stal,' Acad. SCI. G7: l(). tH. 
l~};,h· ~t\\\ h'ht n~l·'lrd .... I'Irslt"'lpt'lllll 'rtogna. tl rnllTo~pondlan para:-:;ttt' of tno~~ 

qn!t'"'' .J 1'.lra";lt,'1 liO 7~ 1 72~. 
:-;!!Illll,'If. \\..\ 

'r;'C/l'j!iP:~l: flf'!,,,tt1p'i1l/oae ""1' n,.1 1l1h'ro:-.pOl·1(itan IhU'i.l:-<lll) of till' lal'l'h 
:-.1.1\\ 11\. IJ'·,'srtlphtJtcl Ct'l( h ... , "';: 1 H~ tllpnllptlJ l .. L T'tlntlu lIdi nidatll. ,J. ill'lll'­

t"hr I'dlh.)1 ~. ;lti{l ;{{i 1 
Spt,I:!\II'. \' 

1!liO.1 	 X.'lt.... I,n t!ll·t~l· 111HTIl:-'I''1ndl.tn pal'a:"'ltl'~ or dt'l'apod Ct·lI~t~ll·t'n Ill' 

L'HlI~hllt.ll·",I'I,d \\at,'r (ll'ca~ Pap ;\1.lI'. Lah. La. :;t:t(' 1·!1l\.;). S pp. 
Tl:t'/tJ /l11'Ut: ('it tJlnart n ...p ... l IllltTO:"'\portthan pal'tJ.:-:.Ht> or :\Ol'th Anh'riL'an 
rra\ li,1; .J P,Il'lsltol :lti ·Ili 

1~).'i I I'rot,,!,),( t·:-; Fl~h Wlldl ::;,,1'\ F!~h. !lulL iiflll'iH I: ~.I:>- ~iiG. 
1%:; X""·"I.1 ~p ':\IIl'l'I"'POl'Hht. );'hl'm<llld<ll" In thl' l1msl'ulatun' of til(' c!'ab 

('.rlh'Il',·I"., "Ipld~., . .J. I'roto/o"l. I~. ()() 70. 

:-;'11111' pl'nt')h',lI1 I'al'a~[(", ,lI1d hypprpaw,,1tI'" III ll!arilH' c!Pl'apod ('ru,;· 

Ln'",! {,,:; F :;l1lt'~lko H,d ,\::'\ mpo~Jul11 on J)!~(,il~l''' of Fi~JH''' and 

::;h,'lIti,lw... PI' 1111 lall. ,\IIl Fhh SOl'. SPl'l'. I'ubl. fl. 

,Int! (""ldl. .J 

1f!7 t .\n ;1Il11"t,ltl,d It,! "I' I'ltltn'O.t!l para~itl's. hypl'rp,lra"IlP"', and rOmnll'!1­

,.d .. "i' dl'l';q",d ('rllst,[",·,1. .J. Pnl(,)lool. 1 s ;i~f) ,ia7 
:-;k!lll'..ll. \\' 

W"~l ('h,.1' .\"'''''/,11 h"":/,,,·,., );a:!d! ,\reh. Proustl'nkd. 1Ii; ~S 1 :!i)I'i. 
:-;ton.... \ :;,.hr,"K\. (' \\', \\'tt·th. \\' \\,; [<'onll', R. II.; and ('OUbOIl, .J. It 

1%.:; \ ('.It.ll,,:.: ,·1 lh.· Illp(t'!";l "I 
.\:.rrh" llandI>. ~/H. \tiHt) PII 

:'rnd,l.md. F II 

l~lll Funil"1 "!>"'l'\.llInn' un th., p.lI·,l~Il ..,. nl" SIII1I1{l/I/U lar\Hl' ..J. :\\llrphoL 
21 1:1 11l~ 

~,nH.ll'. [1 .. tIl,! \Y"~tm,ll1, 1\ 

1'I ;11 i'l", cr;l\ li..1t P,I!'.!,U,' -O/,'I";ldllla {'tI/lII'i"HIII f I,'nn"guy ,Spol·Ilzoa. ;\1 i­
'1'·"IIl'!I<ll.\ '''!lIld In Flllland .\nn /'01,1 I·'('nn 7: Ifl;! Hl~l. I [);\l('d IHG~). 
but I'nll(t'" 1Il 1~)7" ! 

rh,·j.,b.!!! l' 
t,"'!l:.,! t )b:-oPI'\.luon "'lIt' It" .... Iln \.tt .... pu~·lthl·~ pl (1 .... ~lU lip l'll.l:-:'.:-.tfil',lllOn tiP ep:-:. 1)1'­

gallI-nil'" BuH ~"l' l'htloll\.Itit P,I!'!S·\. Ifi;) 17.s. 
1.;\1:; Hl'dwrdl"" ..all ll'~ fln,rhpUndll'''. BulL Set I"]' Bl'k. ~(i; lOll :m·! 
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Thotn:-;,m, II. :.\ 
H16l1 A It~t ,111(\ hru'f d",;enptlOn 0(' till' :'lu:roSplll'lclw infl'cting insl'ct~. J. In· 

,;pct Pathn[ 2 :1·1l)· :l~i) 

Tllllol"'i,'\", E R 
l~l;iG 	 :\nlt'm;1tlll lH'parnogo slll'lkopryacla III \' I 1',)[tP\' (lnel :.t. S. Pon'l'p\'a 

'('lb.'. Inl'l'ktslOnn.\',' 1 prllt,l(OIIlYl' hnlt'/lll pllll'lnykh i \Tl'clnykh nast' ­
~l1n1\'kh, pp. 210 21~), :'\ll"b'il, CosUtbrstYl'nnll,' lz(\atl'I'"t\'o Sl'l'skok­
'!OIl;lI,.;t\'pnnOI Litl'ratuI'Y. 

TOllr. ::.;, R'''\lx. ,J :\'. ,lnd {'rospt, 11 
Ul71 	 S\'stl'llllltlqUP (·t l'l'ologlP ell'S 1l11lT(bfll1l'lelll'S ,:'Ii,'rnsporielia--Nosp­

Ill.Hldal" p'\l'aSllP~ ell' Inr\'l''; <It' L'\lhenIt·" ,Diptl'nl "Clllicielapl. Ann. 
1'.11',\';1101. Hum. ('<)IIIP .1(, 20ii :22:1 

T....I\. T. (;rundlll,lnn.:\ \\', and I~l'l''', n :'1 
nlG~1 1"\l';I~lll''' or rnos'lult,\['s 1n ,;,HIt h",('stl'1'1l \\'YOlllll1g and nOl'lIH'rn l' tn h. 

:'hb'l :\1'\\'; 2~1. 10:2 110. 

TUIt't. () , :'\,lUr'lnd••J. 1·'1/l'. 0\. :'ltd1l'I, H, and Fl'n\\ll'k, B 
1~171 I'r,'pOSltlnl\ d'un 1l1l\l\l'aU L"ldn' "Y,;ll'llIiltlqUl' pour It's g"Ill'p" ell' micl'll­

s!,IlJ'ldu'" (' H. A('ad Sci 272: 12({S 1271. 
\',I\T;\, ,J 

1%i) EUHh- all IllIl'l'nSl'lllw I'[PctroI1Hll1l' dl' la lIlllrphnlngil' "t du ell'\'l'lllppl'lll('nt 
dt' qUl'lqlll''' mil'I'n~pol'1dll'''. C.R ~\l'a(L SCI. 2(il: :3,1l17:3,170. 

1%6 SOIlW I'l't'l'llt <llh'allL'\'" In till' ~l\ld~' of mlCrnSpOl'lcltan "pnn'~. Prot'. Int. 
Congl' ParnsllnL, bl, 19G·I: ·1·1:3 

\'''nahl", .J. II , ;Ind ('ogg'pshnll, H 
HI!)ii, .\ 'llllplttil'd 1,';HIl'lll\llt' :'Wln 11)1' lh" in \,IC'l'lrlln llliel''''','opy, .J. ('l'lI BioI. 

;!;iW7 ,illS 
\",,\ ..\ . ,111(1 \' ,Ig,', (' 

If)';';! l~l'd\l'rd\('s "UI" Ips II1nl,ld\l'~ <ll'IIlI'II,'s d,'~ i'~'rl'vI:;"(,s ('n FI'[IIlL'C'. :\nn 
Ihdrohw! :3: ,,~l G·I 

Ul7:1 	 Pr.ll(lIo,m ,lilt! fungal (\l'P;t,;P.• or "\/islr"I'"I<I'I/l,b/lts ,,(,fllp"s Ll'rl'boullc,t 
111 Fralll"'. /11 S' ,\br,lilamsSOll 'I,d " FI'('sh\\'<lll'r ('1';1\·tish. pp. 1(1i) ·17~1. 
Lund 

\\.\ ..\ . \',Igo, (' , ,IIHI (,h;\l'p~" I{ 

1!l71 l'lH' 1lI1l'l'''',pondwsi' <I Theln//(/I/w dl' I'Pl'r('\ 1""(' t\lIslrtl/)ol(ll1ltlhlll., I AI· 
i'H·"d(/.'!<W'i., 1'(11/11'''' ('II FI'am'(' C. H. "(';leI ;\gl'll'. Fr. ,,7: 1 i)·10 1,,·1:3. 

\'1\ ,11',..... (' 1'. ,llId Tnl"t. l) 

Hl7l 	 l'llra"tnl"tlll'''~ .·"mp'lrl'l'~ (\\1 d('vl'lnplwl1l('nl dl' lrO\~ l'spi'('l's clP micro­
"pnndll'" pal'a~ltl'S d(' lTu,.,t:\\'('s d"'\'aporll's manns. l:\b:;tr.1 ,J. PrlltolllllI. 
:21,;3·: ·17(l 

\'''I'ollln, \' :\ 
1~1';'1 :\('W ,I,ll,! Oil ll\ll'l'OSPOI'I\[ins\s of' till' l'l'awli"h. A"I(I('/IS osl(I('/IS IL. 17"HI. 

1\lra/ll "h)gl~ ,1" l~G 1~l L 
nt71 	 S"I"I1<' mllT"sporl!lt;\n~ ';\\It'I"O>,plll'lclta. :\1l"l'lllatId,\('1 f'rolll "'li~'kl,'lmck" 

1't'1l~ltl!" !,:i-I~Il/ll", ilne! Gusll'l'Ilstl'/u; 1l!"lIft'Clllis "r lhl' 1"lllnish hay. :\('tn 
Pr"{[\/"ll} I:l 211 220 

\\"'IS'-I'. ,J 
1915 Pi'hP<'\'!'k k lnalo~1I nllkro~pon(hi pl'rioncpk i\ bllcilanpk Pl'. ;\\ora\';;kc' 

hit .'::p"1 17 1 10 
HI·Uia ;-;l\Idlt' " Ihlknl~pnndtil'h; l.ll'l·Y hlll~7li nn~lt'h vod,ITI\(' ;\\iL'\'O,;pondia Ill' 

In~..t't Ian'H'j \\;"tl1 l\'sk. SpoL ZooL 10: 2ri :272. 
1l1-IGh ~hklU~pnndlt, C'II11PllSid \. 1,1l'Yildl pakom;lnl. [Till' :'\"'\'llSPOl.'ldlil f"rnn1 

l'lllrOlltlllUd tl)'\·al'.1 \'l;,.,(I1. (\'sk Spnl. ZooL 1Il 27:l 2H2. 
Ul17 KIl'; k lin;,,, ;\111 llnkrnspnrtc111 Ill' :'\Ol'll\'"kl' 1';'11'. Spnl. 1 K: 1 G·t. 
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IH5:1. l'i'lSpt;Vl'k k ll1n[osti para"itll Pl'lbtl'vnika anll'ricki'ho IHyphalltria (,lIllea 
Dnll·.YI. V(.,.,tn. (,p,;k. Spo!. Zoo!. 17; 22K. 

Wii7a, ~likr():,;p!Jl'idipml plj,;olwlH\ llIWnHll'lwnl I)('kyn~ \'plkohla\,(' a '1!atoj·itnl'. 
\\;"tn. Cl'~k. Spo!. Zoo!. 21: (j5-1i2. 

Hl57b. Clwl' Kranklwilpn cll's \\'o\l<lftl'l''', Enogasll'r lllll('stris L. Z. Ang'p\\,. En­
tOlt1o!. ·11' :2·1:3,2·15, 

lfl(1O. Thein/wnw t'p{ulI/buczl'lIse n, "p., a nt'\\' micro,.,poriclian or SimlllWIIl rep­
/UI/S (',,{ulIloue::cl/sl' I Diptpl'a, Simuliida('l, \\;"tn,<"l',.;l;:. Spo\. Zoo!. 2·1: 
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