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Provryvifirocyties
nevmelklass are more commonly  parasitieed  than erethroevtes,

URING the course of a survey of Panamanian lizards

for lepremonad parasites, several undescribied species
of Plesnedinm were encountered. A species of the sub-
genus Sewrameeba s deseribed berein. The subgenus Saur-
amagha, as delined by Garnham (37, contains those saurian
miglarial pavasites with large segmenters, while the species
producing small scgmenters {12 or fewer merosoites) ane
placed in Carinamocha,

The Panamanian herpelofauna iz rich in specles of
ignanid lizards, and especially of the genus dwofis. While
the taxonomy af this group is vt unsettded, 1 would esd-
mate that the number of species ocourring in Pansma
exceeds 200 Omne group of anoles has hecome structurally
and behaviorally specialized for a semiaquatic existence,
and ac least 3 species, Awolis Nonatus, 4. poecilopus, and
A, aguaticus are found in Panama. The first 2 species are
probably closely related : aguetions is derived from a dit-
ferent stock, Both fewnetus and peectfopus are sympatric
in some arcas, but presumahly oceopy different drainag
systems, . agquaticus enders Panama only in the mountains
near the Gesta Rican border,

don Hyvperirophy, distortion amd Ivsis of host cell nueler neae
resuls from parasitization of immatere Blaod cells by gametocyies,

whale eoweleared host cells are common,

Tawe species of Plaowodines are found commonly in
Auoliv Honotus and A, poecilofus in cvery locality so far
collecied. A species of the subgenns Claripamacha 15 1400t
abundant and will be described i the futore, while a less
conmnon Sauramacha 13 considered here.

MATERIALS AND METHOA

Boetween Jaouary and Decembers, 19608, o 230 semi-
wouatic anoles was examined for Blood parvasites. Malarial paca-
Nevrvamerhba weres prescobt in 29 of 128
Anolis Sonores (2285 and 15 of 120 A, foectlopus ||
Lizards were collectsd o the junsle by hand o and
brovehe alive o the  laboratory, Blood smears wore oreparved
muncdiztely frome specimens which died en ocoute, aud Drom G
remainder usually on the nexs doy, Inosome cases, lizards were
kept alive in the laboratoey Tor vp o 4 months and blood soears
wrre made at weekly intervals or less Blood ohtained by
o clipping of live lizards, ad frem the Jeart ol dead specimens,
Slides were fxed In alsolute methano] and srained with a 1210
cilution of Giemnzg ar pHo 68 for 1.0-1.5 lours.

Blood smears were exanunced under ol omnersion o 1000
andd parasites reeasured at that maegnilication, The  no-
mencinture preopased by Percaas (6] Tas beern follswed i the
deseription of savrian Blesd ccllss The Tewel of swatistieal sipnil-
iwanee chogen was (003,
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KRESULTS
The strueriral characters of this parasite resemble those
cf no other New World Plessediom vel deseribed, and |
therelore propose that o be noned in honer ol Professor
Crorden H.o Ball, whose comtribotions 1o the study of 1
]]ﬂf:l‘l]ﬂ.‘il]i‘llﬂ'.".{'l;l ::(‘{‘(] 48] I'_":'I:I,I'I:i(,":l'jll;i'll'l:
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Plasreodivn balli . nov,

DIAGNCSTS: A species of Plasnadivm (Sauwramocis)
which produces segmenters eontaining e o 100 meroeeoites:
11T - ﬂt‘l':i t‘l:‘l]{'i"."_l_'\_il I E] I{'}". L 'lEH':,i,\-'_'l,.l -l} I;,":ll I'}rl?_::'i,l_ll_': ill ]i_l ill
least twice the swee of nuclel in uninfected  ervthrocytes,
with eompact, centrally located nuelet, Trophoroites wend
e parasitize nonnoblasts or proeevihrocvies. Piement often
ﬂ]‘].‘jl':l-.l[_. |H|L I\.Il.}“_l'['l. |r:'¢f—‘|'t'|| S{';f]llrll MO lhé 4 S 1]]:_'[1'!:.,[("'
blackish brown dat. Parasitized cells sonetimes enucleaned.
with }‘.}"_Eild':l't]'ﬁ]:l]'ly and distertion ol cell and nuclens, ol
host muclear displocement usoully preseot aler the st
parasite nuclear division: a lvtie effect on the host ool
nuclens aften evident, most pronounced in eells parasitized
by samcloevios,

DESCRIPTION: Prophozoites, The simallest stages 1 Fie,
21 huve oblong o squarish puclel 1.53-2 00 in diameter,
with Tlight hilne cvtoplasm 34 or less the size of the nueleas,
No wvacuole or pigment i presens. The host cells are usu

Fige, 1-13: Plosaodinen balli asexual staiges I dnelis onctus
I, brocd of Cree apevceoites: 3 arinle infection of carly tropho-
oites: 3. older wrophocoites: 4 deuble infection ol Bingeleate

FROM Panwania 454

frome diflerent hoste and Jocalities

=TT e Teoin eell T dneell “oin
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ally procevthrocyies buae may be erviirooyies, normelilasts
orosten cells. When the trophosoile reaches a length of
5 e (Figo 300 the cvteplasm s at least twice the siee of
the nocleus, Trophosoites vary o shape from riansoelar or
drap-shaped 1o round or almest square. Uninucleate fornms
a3 J:-'ll‘l!'fl:' as 7 ]:}' 2.5 oAy b <_|(".'v]n|_)1'r|§_r e ey ies, AN
the siallest Binucleate sehizont abserved were ; y
Uninucleate parasites 3 o lenglh have decp blue ovee-
The larges wophoweites produce ne apparen:
cilect on the host cell.

Sefizonis. Binucleane schivones (Fie, 40 are 528 by 525
g with nuchel 1.2.3 in diameter. No clearly defined
vacunle s present, Tt the evioplasm s olten paler around
||‘|l:': |'|||l:'lll"i. As |'||,||'.|'!"l|,|' rli‘.';h'-l‘.'lll ]_1|'n-:'c_'q‘ql|tl ;‘S.[":I_iz{'l'l'l‘l_\' I]['I,'_I;'l_dl,':'l_
more rapidly than they inerease in length: parasites with
Door b nuclel may beoonly 8 o long, ot 527 0 wide. A the
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the cell Hself may become broader than long, A single
amall dat of black p-l_!_[ll'wr'll I'|'|ﬂ}' ﬁf't‘.;'ln'i-.’.\.".ul“}' Fai '|.II“'I"1'I.'II'.
arvwhere i the parasile as carlyv as the wiranueleate stage
Al hese cells comtaining parasites past the Ta nuclese divi.
slom show some tendency tovwards enlargeient, rounding.
nuclear hvpertropby and displacement.

Segmeniers, Sewmenlers are 8-19 by 6-13 goowith 2 mean
sige of 126 by 9.9 & and may vary in shape from round 1o

alimost rectanzolar, bul usually are oval (TFigs, 6-127,

tmivadere sehinont s B-13,
Hast oplls 227,
prebable scem cells:

swhizons: 7
aecrrwenter infection
o8 11

SUK TN e o 10, cleahle
0 are proceethroevies: colls
2. enucleated host cell
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Plasmodium balli Troa Pawasa 455
Tanlh ¥, Compordion of gaomelocyies from differenl hesli and localivies.
parasite  parasite  mean width 55 in % in Goinedl % omeel %o
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muan 16.1 il
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TOTAL 2 I S 4-14 0.534-0.55
Cheerall mean LB i 5%

Seroeoites number 132100, svith an overall mean of 41,1,
and are usually uniformly disibuted  throout the cell.
When present, the blackish brown pigment may be a
minute dot or a mass larger than a single merosoite. Meros
soite nuclel are 1-1.5 o in diameter, and merosoltes may
sounedinnes remain within the intact heso cell afwr TLpture
of the seomenter (Pigs 13, 14),
ally drop-shaped [Fig 1),

Crametocyles. Macro- and microgametoovies may vary
from oval (Fiz. 17} o elongate banana-shape (Figo 161,
aned are usually somewhal fatened on the side adjacent 1o
the host cell nucleus. Macrogametoeytes stain deep hlue
andd have a granular cytoplasm, while microgametocytes
have a pale. non-granular cytoplasm. 'The nueleus is com-
pact in bath tvpes, located centrally, and stains red. In
macrogametocytes it may be rounded to elongate, while in
microgametocytes it often appears bilebate (Fag, 13]). In
the Iateer, the nucleus 35 often situated within a clear area
i the eytoplasm. Gametocyles are 823 by 414 . with
mean dimensions of 1453 by 7.3 p0 Macro- and micre-
cametacytes are similar in size and proportions. Gameto-
evtes may ceeur in cither procryvehroeyvtes or erythrocytes,
with presence of pigment apparently correlated swith para-
sitization: of ervthrooytes, When prosent, pigment consists
of one to several minute black dots. The pesition within
the host cell is wsually lateral, with a tendency to curve
slightly aroursd the host cell nuelens (Fig. 16,

Froee meroecites are wsil-

Figs. 15-24:  Plasmodium balli asvxual and sexnal stages in
Anelis bonetus and A, poseilopus. 13, 14 [ree merosoites within
host cells: 13, 40, 21 male gameccovees; 14, 17, 19, 24, female
gametocvies; 16, male amd [emale pametacytes in adjacent eclls:
18, eeuhle infection of male and Jemale gametceyies in enucleated

TYPE HOST: Anelis lionotus Cope {Sauria, Tguanidae].
OFTHER TIOSTS: Adneln poecilofng Cope,
TYPE LOCALTTY: Three miles southcast of
[Colon Provines), Canal Zone, Panama,

GEOGRAPHIC RANGE: Colon and Panama pravinces,
Republic of Panama, and the Canal Zone,

LOCATION OF TYPES: The series of wvpe slides is re-
tained at present in the collection of the auther. A dupli-
cate serics 1s on deposit in the Dept, of Zoology, Univ. of
California, Los Angeles,

Achiote

INTERPOPULATION VARIATION

Vartation in segmenter structure. Table 1 gives data on
dimensions of segmenters, numbers of merozoites, and ef-
tects upon host cells,

Dimensions of segmmenters from all populadions are
enerally similar, Mean meroecite numbers trom the in-
fections listed in Table | were compared statistically:
significant dilferences were present hoth within and among
all ]:ur::a]:ul_[]:l,l:iuns_. which supgests that Little tAxonomic .‘iig-
nificance  should  he  attrilbuted differences in mean
mermenite numbers in this species. Inoall other respeets,
the parasites swere simlar,

Effeets of segmenders wpon fost collis In all infections,
similar efMects upon host cells were observed. Thstortion of

143

cell; 22, 23, immature ganelacytes. Host cells 15 14 (with mern.
ieest, 10, 16, crvthrocvies: eolls 14 [with gamotoevte), 17, 20,

I'.II:I i:||1

a3,

F1, 24, presumably proeryvthrocvies: cells

; . probable normoe-
balasts.
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the cell and displacenient of the nucleus almost
occurred, whatever the tvpe of cell parasitized.

Dypes of host cells parasitized by segmenters. In most
Anolis fionotes and A, poecilopus, scgmenters ocensionally
parasitized crvthroovtes but were usually in proervthrocyles
or normoblasts. T A, Henotus LFALRA, however, 70 per.
cent ab the segmenters were in proeryvthrocytes, and 30
pereent in probable stem cells [Figs. 8, 9, 115,

Variafton in gamelocyte structure. Table 2 presents
dala on gametocyte structure and effects on host cells,

G aametocyes from all populations were similar in pro-
portions except in A, poecilopus 2205 (Figs. 20, 21), in
which the width, Jctwih ralio of gamelocyvies was some-
what Targer, This 38 not considered significant, however,
since slides from this host were prepared a couple of hours
postiortem, and some alteration of gametoeyte c.]ﬂpl:
could have cecurred. Staining reactions were similar in
all infections, with macrosamelocytes appearing blue and
microgametocytes pale to pinkish.

Effects of gametocytes wpon host cefls, In all infections
host cells were distorted. Host cell nuclei were displaced
and distorted in all. Flost cell nuelel swere lobulaced and
erdarmed (Figs, 17, 20, 22 33} or apparently lysing {Figs,
£ 247, often with streams of nuclear material extending

always

TanLe b Distribution of fmmature paractes wmonp host cell types,
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Plasmodiem balli sron Panama

over the gametocyte (Figo 217, Enuwcleation of hest cells
was common in heavy infections of P.oballi, (Figs. 12, 148,
199, and was not Lmited to cells parasitized Ly gametocytes
Table presents the effects of gametocytes upon host ;_r_]!
nieelei

Types of howt cells parasitized by immature parasites.
The disuibution of immature parasites among
types of host cells is preseated in Table 4

Lxvosrpthracytic stages. No parasites clearly distinet from
ervtheocytic stages were observed in sections of lver, lung,
brain and spleen.

Wil I“I-IZII'I.]:-i

DISCUSSION

Seven species of the subgenus Sawramocha have been
described so far from the New World: Plasmodivm on il
glosst, P enemidophori, and P trepiduri from Brazilian
lizards: P. foridense from the southeastern United Staies
and Panama; P, mevicana ry Boobeltrand, and P braos i
from Mexico. The last 2 species, deseribed by Pelacs and
Perez-Feves (51 were overlooked by Garnham (3 in his
menograph on malarial parasites.

Poballi resembles P, diplaglosi, P, enemidophori, and P.
belirani in having elongate mature gametocytes. I, bram pii
garnetocytes may vary in shape from round (o reniform,
while sametcoytes of Po o fropiduri and P omexicanum are
round, Those of P. floridense ave round or elongate, S
menters of the 4 species with elongate gametocvies are
also similar in producing larger numbers of merozoites: 40
or more in P cover 100 in P ;.-..-r.u-q';;-]mur-_
A0-40 ar more in P beltvand; and up 0 100 in P, balfi
The other Saurameeba species produce far f::unr TCT
aoites: a maximum of 12 in P. fragiduri: 10-20 in P
mevicanum; 6-21 or more in P, foridense: and 1520
s .err.:fn_,{J;z'

P diploglossi, P. eneridophori and P, beltrani all para-
sitize ervthrocyles, and as a CONSEQUENCe PREment 15 pres-
et and prominent, tho differing somewhat among thew
in degree of coarseness, P balli dilfers from them all i
usually parasitizing proerythrocytes or normoblasts. When
erythrocytes are parasitized, pigment granules are minute
and uncommon, All 4 of these species canse hypertrophy
Of Il]‘.ll"' ]‘Iﬂ'&.l U.”. d]'.lfl "!IH. t"\lf'l;‘],]t P r." ,I',lg.:,. Jlrr,:-l.;._, LA (!|‘-.[.:1|-
tion of the host cell and displacerent of s nuclens, P
i ploalosd differs from the athers by encircling the host cell
nucleus. P beftrani tends o curve around the nuclens
somewhat, while an onccasional gametocyte of P ball miny
curve slightlv. Distortion of the host cell nueleus does not
acenr with P, cnenidophors and P Beltrani, and only
slightly with Po diploglossi in which the nueled may Te-
come rounced. Foballt distors considerably and  eeen
lyses nuclei of immature blood cells, and causes at least a
rounding of ervthrocyte nuelei. Po balli is most sirnilar,
perhaps, 10 P, cnemidophori but is easily distinguished T
its virtual absence of Ploment, parasitization of mmalure
blood cells, distertion of the host cell nuecleus even to the
extreme of destroying it. and lack of the “fine, digitiform
pseudopedia® characteristic of the young asexual stages of
P enemidaphort, rmr{]ing_, to Gamham (3, {}mx 3 of
the Old Werld species of Saurameacha ]de’we numbers of
merozoites comparable to Po balli: P sicantewnn: of Afriea,

.'.I':".F Iﬁ?{_—']!-"?'.’:.-
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H96 merozoites (37, and Australia, 22-49 (14); P robin-
sori of Madagascar, 30-70 {2); and P. egerniae of Aus-
tralia, 40-30 or more {47, These alse have elongare game-
toeytes, All have prominent pigment granvles, in contrast
o 2 Balli, and all produce some hypertrophy and distor-
tian of the host cell and displacement of its nuelens. Only
P epernioe produces definite distortion of the host cell
nuclews, and this ix far less in degree than that character-
istic of F. balli in immature red cells. P oegernige and P
rubinsont parasitiee erythrocytes: Po o gigantews, according
tor Bray {1} never parasitizes mature ervthroevees, but pro-
duces prominent pigment granules. The Afrvican P. gigan-
tere 15 similar to P Salli in having o owide range of
mweroxoite nummhbers,

Tre, Howward W, Campbell aided this ziudy considerably theo
contribution of specimens and companionship in the feld. The
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manuscript was eevieswed by Dreo Martin 0 Young 1o whem 1
anmt ddebted for many helpfal seepestions. Financial suppart was
furpished by Grant AI-D1231-12, NIAID, NIH, U, 8§ Public
Health Service,  Finally, T must thank oy wife, Michiko 3
Telfnrd for tolerating and encouragiog my devotion of weekends,
evenings, and holicdavs to the pursuil of smectan malazial
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