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SYNOPSIE. Plarmodivm chiricahuqe spo nov, Irom tbe Arizona
lizards Seelofporus jorrood wanl 8 elerki s similar to P mexicanam
Thompeon and Hufl, bt differs by having larer samelocyles and
stialler ervihrneyvtie schizoniz (4-8 mereeoites]. 1o peodices low-
level parasitensa with early appearance of ganetooyies. Gameio-

C‘S;’\URL‘\N rlariy purasites hove been reported  twiee
b from lizards of western United States. Wood  and
Wood (10 mentioned - the presence of  plasmodiz o
Seelaporus occtdentalis and 8. ergeiosus in the Berkeley,
Clalifornia area, but did not describe the parasites o de-
tall.  Jordan {2] wdentified malaria parasites in 8. oecl-
denitalis frown several California counties as P mexicanum,
These constitute the only published records of Plagiodivm
fromy Dzards inowestern Merth America norvth of San T
Porosi, Mexico.

Io 1966, Richard O, Goris of Tkuel Technical College,
Tokvo, gave me 4 Seeloporus jerrost purportedly from
southern Arieona. One lizard had a few Plasmodivm
mumetocytes and  some asexual stapes. The parasilemia
remained very low for 2 months. In view of the inexact

];]q‘u]it}' data and o [J;Lr';u—_ﬁ'!(nuia, [ was relociant 10 -
port thiz finding until mere marerial became  available.
The pamelncyies, however, were similar o those deseribed
for P.omexicanum by Pelacs, Perezs-Reves and Barrera {57,
but seemed larper, In Seprember 1968, Professer G H.
Lowe of the Tniv. of Arlzona genecously cave me 9 Seelo-
Joerws jerrovi rom the Chivicabios Mouotains of southern
Arizona: all were infected with apparently the same para-
site. Five of the lizards had actve infections in wvarious
stages and 4 had enly lighe sametocviemias, Two of the
infections were sufficiently heavy to permit thoro study of
the parasice.

In early 1969 Dr. T, A, Burns of Novthwestern State
College of Lowsiang sent me a large series of shdes Trom
8. jarrovi collected at different aldtudes in the Pinaleno
Mountains of Arteona; many of these contained the same
parasite. Hecendy, Mr. Steplhen O Avala of the Univ. of
Califoeng, HL‘.J'L‘L\.]L‘.:{ sent e shdes of Se’.‘.".‘.rn':ll.".'-:.?:l'T{.:: elarki
and &, jarreci collected in Carr Canvon, Cochise County,
Arizona which contained this Plaoeodiun,

MATERIALS ANTY METHODS
Tedecred Dwards were maincgined in the 1;:,],:{||""|l;|_‘;-|:y an o der al

Terelrio larvac, mosquitees and occzsional grasshoppers,  Foom

* Present  acddress:
Muzewn, Uiy,

Tiept, ol
ol Florda,

Matvral Bciences, Florida Suale
Ceaanesvalle, Fla. 52601,

All photeracrographs teken at =0 TGO
Fig. I, Trophoeoice,

Fig. 2. Tmmature schizont.
Figs, 3, & Schuzents In thrombucytes.

cvies iy persist ever one vear following cessation of cryvibhrooviio
schizogonie activivy, P oehirfeahuee varies in prevalence at differ-
et alutuedes, being mesl connmon betweens BO00 amd B000 feet
Infected hosts were collected 20 & maximum af Y200 feer,

trmperacare was malntained at approximately 70 F. A 150-watt
Tight bofy was placed in the cage as o heat source, and was oper-
F.|l:|"|!§ ||RI.J.-'|.||}' [l'l:-l'l"l ':|'.7:'”:l L IR0 :"|1_'||_|:'.< <|'<'|,:-|:.-'

Blowd smears were made wanally ac S-day nwervzls from clipped
tovs. Smears were fixed i oabsolute methanol and stained  wich
Ciemsa,  The slides from the Pinalefio Mounlains woere prepared
withh Wright's sizin, Sldes were examined ar 600 = . measure-
mentz were mace with an ocular micrsneter a2t 10000 < Al
memsurernents are expressedd in omicras Photomicreeraphs
taken ar TN .

WL

RESULTS

This Plasmodinm is possibly related to P mexicanum,
bl dilfers Trom at i gamelocyle siee, morogoile number
andl, apparently, in the course of infection. Altho study of
maore comparative material in the futore mav justily use
of the winomial to express its relationship 1o Poomexi-
canueri, 1 think it s appropeiaie at present o consider this
[rarasite as a distnee species

Plaesmadium ohivicatinac sp. howv.,

DIAGHNOSTS: A saurian mulams parasite charactorized by
Large oval e reund gamctocytes, and small sehizonts which
procuce $-B merozoites i ervthrocyles, It gives mlse tooa
love-level parasitemmia in i3 natoral hest, witdy early pro-
ducton and long perssience o gumetooytes. Gameloovies
are usually lateral and cause grear distordon and hyjper-
troply of the host cell and its nucleas, which 15 always
displaced. Asexunal stages have little eflect upon host cells.
Infections are predominantly in mature ervthroovtes, Lxo-
ervilireoytic stages are fooned 1::;'.:;|]]}-' i ”IT()::I‘I:II::II:'.‘:.'II‘“: Lot
may occur i eosinophils and other leucocytes,

J.}L'IE}':.”{].]TJ.I()N' l-.lrli'l'-'i.ln".'f"__!'-'.t.lr-!".'l. rT1]1L' ‘i'l'l'l".l_.l]{"-il '\[a:-_-'r{i I;!II'}-—
served were @ by 13 and consisted only of a red chromatin
miass with a minute edge of pale cvioplasm, As the young
parasite grows lhe ovioplasm enlarges o about twice the
size of the nuelens (Figo 1), Large tophoroites 2.5 by 2,
cocasionally Torm vacuoles, A small black pizgment sranole
sppears in lavee trophosoies.

Sekizonds, Binucleate schizonts are lrom 235 by 2 w0 3
bv 3 and are usually oval or round. The cytoplusm may
be light blue or paler, As nuclear division  continues,

Figs. i, 6. Schizonts in leucorvies,
Fizs. 7. 8. Behizonts in procrvihronyies,
Figs, 515 Malure schizonts.

Hast cells erythrocyvies excepr where otherwise noted.
Iost—Seeloporus jarroct.
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nuclel become arvanged  peripherally (Fig. 20, with the
pigment usually in one or 2 masses in the center of the
I:l.':ll'fl.‘;ill_'. ?\'[ﬁll]f'l_‘: L':'I'?'ll‘ll,'{'l(':l."lil' E{_'h:i;{(_.'l::l‘: | :I:LJ:".'& g-]-’E\I are
F-b by d3eb, mean 3% by 560 and may vary in form from a
crude roselte to Tanshaped (Figz 1Y, with round 1o elon-
wate meroyoltes. Merosoites inervthrocvtes nomber 48
with a mean of 3.8 (W=36). Up io 14 merogoites may
e present when proervthrocvies are parasitized (Figs, 7
B Schieones lend Lo le close to0 the hose cell nueleus,
olten in eontace with it when inoa lateral positdon (139
ar polar-lateral posicon (6297 within cthe cell, Schizonce
in poelar position (23%) occcasionally wuoch the host cell
nicles.

Frnarpthracylic Sehizonts. Mozt ol the exoerythrocetic
schizonts found were in thromboovees (Figs, 3, 47, in which
there weee 4-6 nucla. Chne ;:E;J}al'i'nli}' rmialure schizont in
a leucocvte contained 10 auclel [Fig, 3%, and another, 1R
nucler (Froo 61, No parasies hoave been found in fixed cells
al liver, lung, spleen, brain or bone marrow In several
lzards which died during the acute phase of intection.

Govictocyies. The smullest parasites distingnishable as
wneloevics are approximately G 0 dizmeter, and are
nsually round to oval, As they grow, they elongate [Figs.
]'-7: 147 and may heconme FcJJi|'|L'|]|_~.-:5]:;L]J|_'d: with one ar
hoth ends drawn out inm a peint. The amallest spindle-
shaped gametocyie seen was B by 30 Male and female
samelocyles may be distinguished ar this siee, the latter
staining deep blee. Newly mature gumetocytes [ Figs, 15,
160 are clongare wicht blunt or slishdy poinosad ends, The
nuclens in female gametoeyles eften staing as a pink band
at mdbody, with o prominent ronnd, red socleolus (e,
1 which mav ke 2 i dinmeter. Newly mature male
gamelocyles stain pink o are unstzined,  Their nuelei,
when wisible as an entitv, are rather irvesular. Nueleold
ave rarcly seen. The pigment i mmature gameloovies
is golden brown, with the granules clumped inte one or 2
masses which often lie at the ends of the parasite.

Mature macrogametooytes [Figs, 19-22) are 14218 by
B-l4, and average 6.6 by 1005 (N=44, Mature micro-
gametocytes (Figs, 23, 241 are 11-17 by 7-12, and average
A by 000 (N 310, Macrogametooyvies are round o
hroadly oval in shape, while micregamelocetes are usually
oval hul ceeasonally round. The pizment is dark brown
i black and characteristically forms 20250 or more min-
ute, bacilliferm granules seattered  over the gametoeyte
surface. Cecasionally some of the oranules clump together
te form larger masses. Mantere maceogamelocvies  stain
deep Blue with an iveegolarcly rovnd pink area where the
nueleus les. There are ofien one or 2 small vacuoles in
the cyvtoplasme Microgametocytes are unstained, sometines
with pale pinkish vermieulations on the surlace, The
toaelens oz oed |>3' a hroad }':-i:'lki.-c]: AL, TIROTC rOTH-

Figs. 13, 14, Mature schizonts.
Figs. 13, 16 Cametcovies foom Scelofores clarki:

Fig. 15, % Gametacyte,
Fig. 16, 4 CGametacyte.
i, 17, Deulle anfeciion of  baemogregarione  and  mmanire

Bl Locyie.

PF.’I.‘.’.’?.’ il (.'I.'.E.' i f'.l!n' |' i".!:.'_’.'.:’.: .'1,! Wiy Sl NDV.

inenl dn vounger gamctocvies, Round nucleol are olten
prominent in female bor arve less commonly seen in male
gamelneyics

Pyfies of Host Cells Paresitized. In one active infection
stuchied, r}f‘r al the mmsture [_;;u".u—;ifn;;:s wiere [ound n
cryvthroovees and 3% in proeevthrocytes. Inanother lieard,
immature parasiles were distributed  smong several cell
tvpes:  ervthroevtes (3790, proervihrocytes (174950,
thrombocyles  (13% ], lencocytes (7%, normoblasts
VA% ). and easinophils (3% Scementers were Tound in
erythrocyies (96%: 0 and proervthrocytes (4% while ma.
ture gametocytes in 5 samples usoally parasitized ceytheo-
ovtes.

Fffecte Upon Hog Cefli. Toomalure asexual  parasites
have no discernible cffect npon host cells. Schizents dis-
placed host cell nucled in 129 of those studied, but caused
neither hypermrophy noe distortion of the host cell and i
nuclens, Gametooytes caused distortion of the host cell
!'Fi:f_;'-i. 1.‘3-23': and 1= nuf:]l“.ui:| ancl f“:il'}]ﬂf:('f] 1he |}|Il-:.|'.
Flost colls were hypertrophied laterally and their nocles
usially became clongated and attened. Oeeasional hos
cedl museled were roumnded,

TYPE HOST: Secloporus jarrssi Uope {Sauria, [zua-
niclac .

COYTHER HOSTS: Seeloporus ofardl Baird and Chirard,

TYPE LOCATITY:  Areona. Cochise County, Chiriea-
hua Mountains, [E miles abowve Onion Saddle, elesation
FA00 feer

LOCATION O TYPE MATERIAL: Type shides re-
tained at present in author™s collecton, Paratvpe slides
are deposited in the Dept. of Zeology, Unive of California,
Los Angeles, and with Professor Po G0 C. Garnham, Tim-
EJCl'i.E’I.] [-_'.U]]Pf_{i‘ Field H::'ﬂ.iﬂn_, Silweood [‘;;U'Lc! er;:__::']'.ulr,l,

GEOCGRAPIIIG RANGE:
anid Pima connlies, Arizong,

AL present, Cochise, Grahzim

DIRCUSSION
Plasmodinn chivicafiige 35 most sinilar o P
cesticrn as desceribed by Pelace o0 2l (30 Troon the Mexican
liwards Seeloparus fervariperezi and 8. micrsfe pidorns. T
can he distingushed from all other saurtan malaria para-

mexi-

sites, hwoowever, by the combination of small schizonts and
larse gametocytes,  The gametoovees, in fact,
larger than those reported For any saurian Plavwodinm,
with the possible exception of P oegerniae desoribed by
Mackerras (51 from an Awstralian skink, P oeserniac,
bowever, has more slender gametocyies and causes areater
distortion of 1]||: I"I(J\'I_ el nllc'.]l_*.i, Ir' j'}, {':rrr'r,r'f_'a,"!:.:;zr e
not apparently related e Poomevicanus, it owould  have

AVETALG:

Fig. 18 % Gamelorvie neariog madurity.

Figs, 19220 9 Gametocyies.
Figs, 23, 24 3 Gametocvecs.
sl cells ervtbhrocyvies,

Hast 5. jerrood except 10 and 16
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104 Plasmosdium
to be placed o Garnham's subeenus Carisamiecha which
corttaing parasites producing less than 12 merceoites (1],
In view ol s possible relagonship to Posecieenun, and
its huge sametocytes, it should be considered o Saur-
rmms:bu} (E{:.‘jj]i[i_‘. the low punber of nuslel 0 schiscnls.

Merozolte number in sawrian malaria parasites can bo
unrcliable as sole critecion [or specific distinetion, sinee
Thompson and Hufl' (% found merowoites to dilfer in
number among different species of experimental hosts of
Saurian malaria parasites within single
host species are also more loghly variable o this laxononme
character than are avian and mammalian parasites (1, 81,
Hloweever, sinee there s no overlap in range of merovoiie
numbers hetween P slitvicativae (4-8) and P. mexicanum
10-200, and sinee the mean nwnber of merceoiies in the
latter exceeds the mean in Po olivicafinar by a factor of
24, I think it i realistic o consider the Avizona parasiie
a distinct specics. The fact that i parasitizes a host which
cun be considered a relict {8, ferropd isow component of
the Sierra Madrean herpetofauna, 7). may further sup-
port dts specific identitv, There s little probakality of
mixed infeclions accounting for the odd combination of
large gumetooyies and low munmber of nerozeites, Ooly
one type of gametocyle has heen observed thruoul the
course of active infectons

Altdrding! Dickeibution, Fxamingtion of shides from 149
8. jarreet collected at different altivndes in the Pinalefio
and Chiricabua Moontains mndicates that £, chineghuae
varies altitudinally in prevalence: it was present in 5445
al 37 leards collected hetween 6000 and 7900 feer in 269
af 35 lizards from BOOD-HS0) feer, and in 6% of 36 lwards
collected  between 3000 god 9900 feet, The maximum
elevation at which an infected lTeard was found was 9200
feel. Samples of 22 beards from 9400 [eet and 21 from
10,700 feet swere negative,

An interesting contrast 35 provided by the analvsis af

P owmexicanim.

Ly
bnl

l‘l(‘11i(1g!'L‘:E"i-l,l'i,1'lL'. infection rates al the same glonedes. Hemao-
gresarines were present in 42% of the sample collected
at BOOO-7O00 feet, 1745 from HOOD-HSH feer. Z8% [rom
QOO0-99000 feel, and 485 in leards from 10700 fect. It
E]MITE that P, chirrcaliige 15 transmled hn_.,- a vector with
an altitudinally zoned distribution, presumably with maxi-
mum density between 68000 and 7900 feet, while the hero-
gregarine which parasitizes S, jerroci utilizes a different
vector which is not restricted alotudinallv, or has muoliple
vectors, N gerrord s heavily pavasitieed by blond-imgesting
red mites of the genus Geekobin, Examinalion of several
smears of nites removed al anlervals Trome lieards with
high garmelocyiemias revealed no evidence ol exdlagellation
or wygote formation, althe sametsevtes persisted  appar-
ently unchanzed in the zuts of mites for several days.
Segionality, Comparison of infection rades in the sample
of 32 lizards collected between 8000 and 7900 [eet o the
Pinalefio Mountains in June, and the 16 from that alo-
tude collecied in Chetaber and November, revealed noosig-
nificant dillerence i infection rate belween June and late
fall, There was also no significant difference in the preva-

clitrfealiune /1.

MOV,

lence of asexual parasites in the June infections and those
fronn the all,

Relattonship of Infection fo Host Size. Sceloporus jar-
rovi is evoviviparous, giving birth in May and June w
vining which aversge obour 24 o snoat-vent lengeh (77,
The smallest spechnens examined weee a0 3% mm e
collected 20 Octaber and a 43 mm spechmen in June, Size
distribution data of the Pinaledo Mounlains .*‘-ulnl;h_' THE
ply that lards one year old in June are usually hetween
4% and 0 ommo osnoul-vent length. [aared
found infected was the 43 nun June specimen, which had
a one-plos infection, apparvently selelv of gametooyvtes, thus
suggesting that the infection was acquired within its first
WO, All active infectioms {z-.r“., sy Eh_c:-x'.'ing asexual
slages!| were in lizards 6178 mm long {mean &8 mm'?,
while eld infections {ie, gametocyles only) were, with
one exception, in Drards of 62296 mm long {mean 78 mum
snout-vent.  These data sugeest thal Plasmodivm infec-
vons can be found in lzards less than one vear old, bl
that infection usnally ocenrs in the 2nd year.

Parasfvmia and Cowrse of Infection. Altho studies on
the course of infection are not completed, it appears from
naturally infecied lizards that P ehivicalinne gives rise 1o
i low-grade parasitemia in 8. ferrovi, with early prodoc
tion and long persistenee of gametocvies, The maximom
parasitemia ohserved so far o 43 inflections studied, was
210 parastes per 10000 ervihroovtes: this peak occurred

T|:|¢ :51:|;al|u;~.~a.‘.

in w naturally infected lizard followed for 75 dawvs in the
laboratory. When observalion began, the pa asitentia was
196, and mature gametoeytes comprised 495 of the para-
sie |':-npulﬂliﬁ:ﬁ. [rormatuee gameloevies, howeever,  ac-
vounted for 737 of the parasites. At peak, 20 days later,
30 were matove and 206 bmmature gametocytes, and
10 davs following pealk, these pereentages had become il
and 9, respectively. Three days hefore death (day 751,
parasitemia was 1689 per WL crvthroevtes, and mature
amd nmmaiure gametoeytes comprised 98% and 290 re-
speclivily.

In another active infection, [ollowed for 75 days, the
level of parasitemia remained much lower, never rising
ahowve 36 parasites per 10,000 ervihrocyies, nor showing a

[ ko oof

infection, Malure gametocytes comprised 174
af the parasitemia when observations began, and Jnma-
ture samctoovees were 22%., Ten daws later, the respective
porcentages were 72 and 15, There was a resurgence of
tropheecites alter 10 mere dass, and mature and immature
pametocyie percentages became 42 and 23, respectively,
In another 5 dasys, 80% of the parasites were mature
wannelocvtes, with no immatures present,. During the sue-
r_'|_~|~1|i::g A0 c]u}'l:: {hie: ;:_Erlll_‘.'.(:llﬁ?'ll‘!'l'li:-l rerrined  helwesn
o and 1009 with ne evidence af Turther prodoction of
mnmatiure gametooyies.

The course of inlection appears 1o be very different
feonn that deseribed for Poomeevieanwme In natural hosts by
Pelave ot all {51. They found a high initial parasitemia
conststing entirely of asexual stages. Young gametocytes
appeared after several days, hut these matueed very slowly,
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soothut 23 daws alter fest seeing voung gamelocyvies, they
had reached enly 34 the sie of matuwre sametocvees, P
ehrrrcalnae, however, seoms o produce swmelogvics al-
maost simultaneonsly with the appearance of asexual stages.
These guickly reach the length of mature gametoovies, T
remain mare slender for awhile, A significant increase
i the width ditnension was also noted o samples mea-
sured 2-0 menths apart. The level of parasiiemia atrained
also dillers from that of Pomexirarem: o maxtmuam 219
parasites per HLODO ervthrocyles o contrast o the come-
men occurrence of purasitenias exceeding LOO0 per 10,000
bload cells in P oseescicaran it s natural heoses
Gameroeyies apparently persist Tor long periods follow-
ng cessalion of erythroevtic schozogonic actvily. One le-
ard, in which parasiteris was oever obseeved o execeed
12 per 10000 erythrocyies, has been followed Tor 495 days.
Most of the parasites seen on the iniowl slide were asexual
stages, bt therealter all other parasies olserved  were
mature gametocvies except on davs 15 (when one im-
mature Fametocyle was present among 3 00 crvibeocwies)
and 60 [when 2 voung schizonts and one seomenter were
seen arnong 3000 ervthroeytes). A 2od lizard which also
never showed & parssiteinda greater than 12 per 10,000
ervihrocytes, was Tollowed for BG2 dawvs. On the inogal
shide it had only sunetocvtes; on day 300 a single trepho-
soile was seen among 300 eevthroeytes. Only matore
gainetocytes were observed thereafter, until the final slide
on day 3680 Either parasitized host cells ave weey Jong-
lved, or, mwore likely, some exocrvthroevtie schizogony had
combinued during this leng pertod of observation. Killick-
Kendrick and Warren [3) reporied gametogony directly
[rome primary exoerythrooviie schivonts o Plaogodinm

A5

berphed yocli, and this is possiblv the mechanism responsi-
ble for long persistence of sametocytes following  disap-
pearance ol asexoal siages inothis species of saurian ma-
laris parasite

1 owish to express v thanks o Richard O, Goris, G, IT Lowe,
E. T Bewe, T A Buens, M, [ Fouguette, Jr, I AL Delahoussve,
and Hwenhen O Awvala for their groerous contriburions of speci-
miens o slides which made this stady possible. Professors Cordon
H., Ball accd P €. O Garnbam ceviewed (e manuseript and
offered uscful suggestioms. Partial aupporn was furnished by NTEL
Corant AL 201 o Gorgas Memorial Laborztory. My wife, Mich-
ther ML Teltord, has been nest patiens duarine e preocedpation
with this soucy, and 1T give her my thanks.
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