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Variation in life-history traits of Plasmodium
mexicanum, a malaria parasite infecting western
fence lizards: a longitudinal study

Rebecca J. Eisen

Abstract: The life history of malaria parasite®lasmodiumspp.) is directly related to their transmission, virulence,

and population dynamics. | followed the life history Bfasmodium mexicanuimn naturally infected western fence liz-

ards Sceloporus occidenta)iover a 4-year period, using a mark—-recapture technique. The life-history traits measured
included peak parasitemias and population growth rates of asexual forms, gametocytes, and total parasites. Among ma-
laria infections, variation was high for all measured traits. Growth rates varied up to 11-fold, and among stable infec-
tions, average asexual parasitemias ranged from 0.2 to 13.2 and gametocytemias from 0.5 to 66.2 parasites per 1000
erythrocytes. This variation was not related to infection prevalences, which were similar among years and between
male and female hosts. Host age and gender were not related to peak parasitemia or average growth rate of asexual
forms. However, the growth rate of gametoctyes was higher in older lizards. Gametocytemia and parasitemia were sig-
nificantly higher late in the warm season, when sand-fly vectors are active. These data reveal that life-history traits of
P. mexicanunare highly variable within an infected host population, and that the variation is partially related to the

age of the infected host or the time of year the host was examined.

Résumé: Le cycle des parasitesfasmodiumspp.) qui transmettent la malaria est directement relié a la virulence du
parasite et a la dynamique de la population. J'ai étudié le cyclBldsmodium mexicanumar marquage—recapture

chez des lézardSceloporus occidentaliporteurs d’infections naturelles au cours d’'une période de 4 ans. J'ai mesuré

les parasitémies maximales et les taux de croissance au sein de la population chez les individus asexués, les gaméto-
cytes et chez I'ensemble des parasites. La variation s’est avérée élevée pour toutes les variables. Le taux de croissance
variait par un facteur de 11 et, dans le cas des infections stables, les parasitémies moyennes chez les individus asexués
se situaient entre 0,2 et 13,2 et les gamétocytémies, entre 0,5 et 66,2 parasites par 1000 érythrocytes. La variation
n'était pas reliée a la prévalence des infections qui s’est révélée semblable d’année en année chez les males et les fe-
melles. L'age et le genre de I'héte n'étaient pas reliés aux parasitémies maximales ou au taux de croissance moyen des
formes asexuées. Cependant, le taux de croissance des gamétocytes était plus rapide chez les lézards agés. Les gamétc
cytémies et les parasitémies étaient significativement plus graves vers la fin de la saison chaude au moment ou les
cératopogons vecteurs de la malaria devenaient actifs. Ces données révélent que la dynamique de population de

P. mexicanunest trés variable au sein d’'une population infectée et qu'une partie de la variation est reliée a I'age de
I'héte infecté ou au moment de I'année ou I'hote est examiné.

[Traduit par la Rédaction]

Introduction with life-history phenotypes in a population, as well as adap-

Life-history traits are related directly to an organism’s re-
productive success and thus should have a greater influen
on fitness than other traits, such as morphological compo.
nents (Stearns 1992). Roff and Mousseau (1987) therefor|
predicted that selection would reduce the heritability of life-
history traits. Comparative data reveal that heritability of
these traits is lower than for many other phenotypic charac

tive phenotypic plasticity (Roff 1992; Stearns 1992; Poulin
1996). Although most life-history studies have focused on
Hulticellular free-living organisms, the same reasoning can
apply to single-celled parasites such as those causing ma-
@ria. Such studies have additional importance for applied
parasitology because parasite life histories are directly re-
lated to transmission biology, parasite virulence, and para-
Site population dynamics (Aaron and May 1982; Bull 1994;

teristics, yet substantial genetic and phenotypic diversity reEwald 1994: Read et al. 1999).

mains (Mousseau and Roff 1987; Roff 1992). This suggests
that selection maintains a diversity of genotypes associateg

The life cycle of malaria parasiteRlasmodiunspp.) con-
sts of a series of traits that are intimately associated with
the parasites’ reproductive success. For example, an infec-
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the erythrocytic cycle or differentiate into the transmission All animals were transported in cloth bags to a field laboratory,

stage (male and female gametocytes). New vectors beconyéere sex and snout-vent length (SVL) were recorded. Age and
infected when they consume the gametocytes in a bloo§VL are correlated in western fence lizards (Schall 1996). There-
meal, and development continues in the vector until the parl©re: for age-group comparisons, lizards with SVL >64 mm were

o - : considered old (approximately 2 years or older), whereas those
asite Is agamn In_fectlve t(.) new hosts (Garnhgm 1.966)' . with SVL <65 mm were grouped as young (younger than 2 years
Several life-history tralts, such as how quickly Infectlonsold). A drop of blood was drawn from a clipped toe of each lizard
grow, how many cells they infect, when they produce gametozngd ysed to make thin blood smears that were later stained with
cytes (maturity), and how many gametocytes are producediemsa (pH 7.0, 50 min). Lizards were returned to the exact site of
vary among infections of any species d&lasmodium capture within 24 h. These procedures followed a protocol ap-
(Garnham 1966; Bruce-Chwatt 1985; Schall 1996). Variatiorproved by the University of Vermont Institutional Animal Care and
in most of these traits (maturity being the exception) has dJse Committee and are in accordance with the principles and

genetic component (Tay]or et al. 1997199D; Mackinnon guidelines of the Canadian Council on Animal Care.

and Read 1999 199%), with heritabilities similar to those Each slide was examined at 1000x for 6 min or until a malaria

ife-hi i _livi i i parasite was detected. A 6-min scan allows examination of approx-
for life-history traits of free-living species (Roff 1992; Eisen imately 10 000 RBCs. Infections with parasitemia <1 per 10 000

and Schall 2000). T_he remaining phenotypic variation m.a))RBCs, and thus not detected by this protocol, are rare at HREC
represent an adaptive response to heterogeneous envm&g—

. o . erkins et al. 1998). If an infection was detected, 1000 RBCs were
ments, such as diversity in the quality of hosts (Carter andynted and the numbers of uninucleate trophozoites, schizonts, and

Graves 1988; Williams 1999), the presence of concomitangametocytes were noted. A preliminary experiment was conducted
infections (Taylor et al. 199, temporal variation in vector to verify that cell counts were accurate and repeatable when this
behaviour (Chaniotis and Anderson 1968), or nonadaptiveumber of RBCs were counted (unpublished data).
variation due to host effects. For each infection, | measured 6 life-history traits. Peak para-
Any attempt to understand the ecological and evolutionaryitemia (3 measures: asexual forms, gametocytes, and total para-
significance of differences in life histories among infectionsSites) was the observed maximum number of parasites per
of Plasmodiumspp. requires information on the naturally 1000 RBCs. In the case of stable infections (infection growth rate
existing variation in life-history traits. Such understanding is'S 9ua! t0 zero), the arithmetic mean value of parasitemia was cal-

fial f tudi f laria t L Tavl i Iculated and is referred to as average parasitemia. To calculate the
essential for studies of malaria transmission (Taylor e aaverage growth rate of the infection (again 3 measures: asexual

199) or virulence (Ewald 1984; Mackinnon and Read forms; gametocytes, and total parasites), | fit a least-squares regres-
199%, 199%). sion line through the rising (or declining) points using number of
Here | report on a 4-year study d?lasmodium mexi- parasites versus days of observation. The growth rate is the slope
canum a malaria parasite of western fence lizarsdloporus of this line.
occidentaliy. My primary goals were to examine the varia-  Growth rates were calculated only for lizards captured at least
tion in life-history traits within single warm seasons (May- four times in one season. Four data points were used because the
September) as well as among years, and to determine posgt?_st was less sensitive to any rare ceII-co_untlng errors than if fewer
ble sources of such variation. For example, are Iife-histor)PO'mS were used; restricting the analysis to more than four cap-

. : . : tures greatly reduced the sample size. To eliminate among-season
traits related to infection prevalence Rfmexicanumand do . variation in growth rates, | restricted the estimate of growth rates to

infections behave differently in male versus female hosts, jug single season.

veniles versus adults, and early versus late in the warm season?q ascertain that the time of day when blood was drawn was not
a source of variation in measured life-history traits, eight naturally
- infected lizards were monitored over a 6-h period that coincided
Materials and methods with the time of day when blood was usually sampled from lizards
Western fence lizards were collected daily over a 21-month pecaptured in the field (08:00-14:00). The lizards were housed out-
riod covering 4 warm seasons, from June to August 1996, April tod00rs in plastic containers (41 x 27 x 17 cm) with a metal screen
September 1997, March to September 1998, and April to AugustoP and leaf litter on the bottom. Sampling was conducted during
1999, at the University of California Hopland Research and Exten-S€ptember, a month when parasites are detected in the peripheral
sion Center (HREC) located in southeastern Mendocino CountyPlood of lizards and sand-fly vectorkutzomyia vexatoand Lutzo-
California. The study site was a 4.5-ha oak savannah woodlandyia stewart) of the malaria parasites are still active. Commencing
area, 310-350 m in elevation, with numerous rocky outcrops, logsat 08:00, a drop of blood was taken from a clipped toe of each ani-
and oak Quercussp.), California bay Ymbellularia californicy, ~ Mal every 2 h, producing a total of 4 samples per lizard. Thin
and California buckeyeAesculus californicptrees. The climate is Smears were prepared, stained, and examined as previously
mediterranean with hot, dry summers and cool, wet winters (meafl€scribed.
seasonal maximum temperatures and mean seasonal precipitation
measured at HREC from 1990 to 1999: June-September, 31.8°Gtatistical analysis
5.1 mm; December—February, 13.1°C, 193 mm (C.E. Vaughn, Uni- Contingency-table analyses were used to compare infection pre-
versity of California at Davis, unpublished data)). Lizards can bevalences among male and female lizards and among years and
active at this location from March to October (Bromwich and Schallmonths. An ANOVA with repeated measures was used to compare
1986). parasitemias evgr2 h over a 6-h period. Mann—Whitndy tests
Lizards were captured by hand or slip noose between 08:00 andere used to compare growth rates and peak parasitemias by host
14:00. Upon first collection, each lizard was marked on its dorsalize class and gender. For these analyses, peak parasitemia was es-
surface with a number, using nontoxic Liquid Pgheand perma- timated on the basis of the observed maximum parasitemia of
nently marked with a unique toe-clip combination. The exact sitesnfections seen at least four times throughout the study. Mann—
of capture were recorded and flagged with surveyor’s tape to ensur@/hitney U tests were also used to compare parasitemias early
release at the point of capture. Recaptures of the same individugApril-June) and late (July—August) in the warm season. Estimates
were spaced at least 3 days apart. of parasitemia for this comparison were based on the first capture
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Table 1. Plasmodium mexicanuinfection status of western fence lizardSceloporus occidentalis
captured once or multiple times within or between years from 1996 to 1999.

No. of years  Observations Infection status 1996 1997 1998 1999 Total

1 Single Uninfected 73 60 37 94 264
Infected 29 12 11 13 65

1 Multiple Remained uninfected 83 141 36 34 294
Remained infected 23 22 4 15 64
Gained infection 4 8 1 2 15
Lost infection 3 0 0 0 3

2 Multiple Remained uninfected 48 17 13 na 78
Remained infected 21 5 2 na 28
Gained infection 20 4 4 na 28
Lost infection 5 0 0 na 5

3 Multiple Remained uninfected 1 7 na na 8
Remained infected 1 0 na na 1
Gained infection in year 3 1 1 na na 2
Gained infection in year 2 1 2 na na 3
Lost infection in year 3 1 0 na na 1
Lost infection in year 2 0 1 na na 1

Total 314 280 108 158 860

Note: na, not applicable.

per infected lizard each season. Wilcoxon’s signed-rank tests werpeak values. Therefore, to obtain a more conservative esti-
used to compare parasitemias among years in infected lizards obnate of peak values, | used only infections observed at least
served over multiple years. . four times during the course of the study. For these infec-

Pairwise Spearman’s correlations were used to determine if thgy,o (N = 70), the ranges of peak asexual parasitemia and

6 measured life-history traits were correlated. To adjust for multiple ametocytemia were identical with those presented above,
comparisons, a sequential Bonferroni test was used (Rice 1989y

These analyses were restricted to infections observed at least fo IUt peak total para5|tem|as ranged fr."”.‘ 4 to. 846'. In addi-
times in a single seasomM(= 40 infections) for which infection ~ tON, based on median values, the majority of infections con-

growth rates could be accurately estimated. The observed maxfisted of low to moderate parasite loads (median values of
mum parasitemia for the same group of infected lizards was usef@€ak parasitemia, peak asexual parasitemia, and peak gameto-
for all comparisons of peak parasitemias in these analyses. cytemia were 28, 7.25, and 20 parasites per 1000 RBCs,
respectively).

Forty infections were observed at least four times within a
single season and were studied in more detail than those
Description of life history and variation in traits with less than four captures per season. Of these, most infec-

During four warm seasons, from 1996 to 1999, 860 liz-tions were stable (75% with a growth rate equal to 0, 82.5%
ards were collected and marked; these initial samples, plugith an asexual growth rate equal to 0, and 72.5% with a
recaptures, produced 2425 blood smears. A total of 329 lizgametocyte growth rate equal to zero) (Table 2). Infections
ards (38%) were captured once, 376 (44%) were capturedwith stable parasitemiaN(= 30) fell into three categories
multiple times during a single season, and 155 (18%) weréFigs. la-1c): 40% (N = 12 infections) expressed low average
captured over 2—3 seasons. No lizard was captured during aiarasitemia (<1% of cells infected), 50% £ 15 infections)

4 seasons (Table 1). For the majority of lizards that were obhad moderate average parasitemia (1-5% infected cells), and
served more than onceN(= 531), infection status did not 10% (N = 3 infections) showed heavy average parasitemia
change throughout the observation period (89%). Some liz(5-11% infected cells). The majority of stable infections
ards acquired infections during the study (9%), and, rarelyyere dominated by gametocytes (median maximum gameto-
infections were lost or became undetectable on blood smeagytemia relative to median maximum number of parasites
(2%) (Table 1). was 0.725, range 0.16-0.86).

For each of the 6 measured life-history traits, there was Changing infectionsN = 9) also varied greatly (Figs.d:
considerable variation among infections (as exemplified inlf). Some infections tended to grow slowly and reach low
Fig. 1). Among all infections at their observed peak per yeapeak levels of parasitemia, while fewer infections grew quickly
(N = 132 infections), peak parasitemias ranged from 1 teand reached high levels (Table 2). One infection declined
846, peak asexual parasitemias ranged from 0 to 346, artiroughout a single observation season, and the lizard was
peak gametocytemias ranged from O to 501 parasites pdound to be uninfected the following season (Fig).1None
1000 RBCs. However, in the majority of infections, parasiteof the heavy infections were observed to decline through an
loads were low to moderate (median values of peak paraentire observation period.
sitemia, asexual parasitemia, and gametocytemia were 22, 8, Among infections observed over 2 consecutive yddrs 37),
and 15 parasites per 1000 RBCs, respectively). peak total and asexual parasitemia and peak gametocytemia

A previous study (Bromwich and Schall 1986) demonstratedvere higher in the first year than in the second (Wilcoxon’s
that longitudinal data provide more accurate estimates ofigned-rank test? < 0.01 in all cases).

Results
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Fig. 1. Natural P. mexicanumnfections in free-ranging lizards. A vertical line indicates that lizards were recaptured following a period of winter dormancy. Representative
fections are presented for stable infections with l@), fnoderate If), and high parasitemiec), as well as decliningd) and slowly €) and rapidly growing infectionsf), Total
parasitemia is indicated by squares and solid lines, asexual parasitemia by diamonds and broken lines, and gametocytemia by circles and dotted lines
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Table 2. Parasitemias and growth rates of stable and chanBlagmodium mexicanuinfections.

Average parasitemia Average growth rate

(stable infections)* (changing infections)
Infection type Median Range N Median Range N
Total parasitemia 11.07 0.73-109.96 30 0.74 -0.86-11.23 10
Asexual parasitemia 2.40 0.20-13.20 33 -0.18 -1.73-3.26 7
Gametocytemia 9.28 0.48-88.16 29 0.47 -0.84-6.9 11

*In stable infections, the growth rate equals 0. Average parasitemia is measured as parasites per 1000 RBCs.
fIn changing infections, the growth rate is not equal to 0. The average growth rate is measured in parasites per day.

Table 3. Correlation coefficients of peak parasitemias and growth ratéRlagmodium mexicanum

Growth rate

Peak asexual Peak

parasitemia gametocytemia Total Asexual Gametocyte
Peak parasitemia 0.87* 0.99* 0.48* -0.15 0.49*
Peak asexual parasitemia — 0.82* 0.36 -0.16 0.51*
Peak gametocytemia — 0.50* 0.50 0.51*
Growth rate
Total — 0.09 0.83*
Asexual —-0.08

*Significant Spearman’s rank correlation at the tablewide significance kevel0.05.

The growth rate of asexual forms was not significantly ute to the observed variation in life-history traits. | found no
correlated with any of the other measured traits. In additionevidence of variation in parasite density throughout a 6-h
average growth rate and peak asexual parasitemia were ngériod (ANOVA with repeated measure®,> 0.38 for all 3
significantly correlated (Table 3). Peak asexual parasitemiaeasures of parasitemia).
was strongly correlated with peak gametocytemia, and rapidly Asexual parasitemias were similar early (March—May) and
growing infections tended to reach higher peaks of parasitemidate (June—August) in the warm season (Mann-Whitdegst,

P = 0.81). However, total parasitemia and gametocytemia
Infection prevalence were both significantly elevated late in the warm season

From 1996 to 1999, 22.5% of captured lizards were in-(Mann—WhitneyU test,P < 0.01). Growth rates amorigfec-
fected withP. mexicanun({range among years, 20.3-26.4% tions that became detectable before mid-June did not differ
infected). Infection prevalences were similar both among yearsignificantly from those that became detectable after that
(G test, P = 0.24) and among monthss(test, P = 0.92). date P > 0.19 in all three cases).

Also, male and female lizards were equally likely to be in-

fected (Fisher's exact tesB = 0.17). In contrast, approxi- pDiscussion

mately 26% of older lizards were infected, while only 15%

of younger ones were infected (Fisher’s exact t8st,0.01).  Variation in life-history traits

Therefore, the variation in life-history traits cannot be ac- Life-history traits are intimately associated with the fit-
counted for by differences in infection prevalence amongness of an organism. Therefore, selection should act strongly

years or months. on these traits and erode genetic variation (Fisher 1930; Fal-
coner 1981). However, concordant with other studies of lizard
Impact of host gender and age on life-history traits malaria (Thompson and Huff 1944; Goodwin and Stapleton

Neither host gender nor age affected variation in most1952; Bromwich and Schall 1986), | found substantial varia-
life-history traits. Peak parasitemias were similar among maléion in life-history traits ofP. mexicanuninfecting fence liz-
and female lizards and among size classes (<65 and >64 mrajds. For example, infection growth rates ranged from 0.10
(Mann-WhitneyU test,N = 70, P > 0.08 in all cases). Like- to 11.23 parasites per 1000 RBCs per day, and among stable
wise, median values of infection growth ratesnf@asures) infections there was a 150-fold difference in average para-
were similar for male and female lizards (Mann—Whitneysitemia. In addition, some infections (<3%) deviated from
U test,N = 40, P > 0.36 in all cases), and asexual growth this general trend by decreasing to undetectable levels.
rates were similar among age-classes (Mann-Whithégst, Several general explanations for the maintenance of such
N = 40, P = 0.61). However, the rates of growth of the total variation in life-history traits within populations have been
populations and the gametocyte populations within hosts wagroposed, including mutation-selection balance, selection in
more rapid in the larger size class (Mann-Whitrigytest,  patchy environments, a gene-by-environment interaction,

N = 40, P = 0.02 andP = 0.04, respectively). negative genetic correlations, phenotypic plasticity, and flat
fitness profiles (Roff 1992; Stearns 1992). Other possible ex-
Temporal trends planations proposed fdPlasmodiumspp. include variations

The time of day when blood was sampled did not contrib-in host quality (Sinden 1983), the number of parasites initi-
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ating an infection (Glynn 1994), the strain infecting the hostHost age and gender
(Graves et al. 1984), and competition between strains within Male and female lizards, as well as young and old ones,
the host (Taylor et al. 1997 1997). differ with respect to physiology and behavioural patterns
The existence of such variations raises several questionéSchall and Sarni 1987; Saad et al. 1990). For example, dur-
For example, because the gametocytes are the only stagey the breeding season, male testosterone levels are ele-
transmitted from lizard to sand fly, increasing their abun-vated and males are more active than females (Davis and
dance could increase the likelihood of transmission (TaylofFord 1983; Moore 1987). This could lead to differences in
and Read 1997). If infections have the potential to infect apexposure to infection, with some hosts being infected multi-
proximately 50% (maximum gametocytemia reported in thisple times. Also, differences in host immune responses medi-
study) of host cells with gametocytes, why do most infec-ated by testosterone could create the potential for variation
tions produce far fewer (the median value of gametocytebetween sexes with respect to life-history traits.
infected cells in this study was 0.9%)? Also, if infections In this study, no significant differences were detected in
can remain patent, why do some fall to undetectable levels@ny of the life-history traits when these were compared
A common explanation is that the variation is nonadaptivehetween male and female hosts; parasitemias and asexual
and is simply due to variation in host immune defensesgrowth rates were similar among age-classes. Interestingly,
against the parasite (Day et al. 1992; Hetzel and Andersotbtal and gametocyte growth rates were higher in older liz-
1996; McKenzie and Bossert 1998). Life-history variationards. Perhaps these lizards were exposed to multiple infec-
could also result from genetic constraints unique to eachions throughout their lives, and the increased growth rates
strain (Mackinnon and Read 1999 Alternatively, repro- resulted from competition between strains. Several host at-
ductive restraint could be a prudent strategy (Taylor andributes that were not measured here could also have contrib-
Read 1997). For example, increasing the density of infectedted to the observed variation. For example, host nutrition
cells could lead to a decrease in host survival and thus igMcGregor 1988), variation in suitable host-cell density
parasite fitness (Bull 1994; Ewald 1994). (Trager et al. 1999; Williams 1999), and differences in hor-
From 14 to 24% of the variation i?. mexicanumilife- monal titres (Maswoswe et al. 1985; Lingnau et al. 1993)
history traits studied here could be explained by genetic difcan affect the life-history of malaria parasites.
ferences among infections (genetic diversity and (or) differ-
ing genotypes that directly control life-history traits) (Eisen Temporal trends

and Schall 2000). The remaining variation is believed to be Tha seasonal trends observedAnmexicanurmiife histo-

due to phenotypic plasticity of the parasite in response Qg may be adaptive. The mean values of gametocytemia
variable host/environmental conditions, random events duryny tota) parasitemia were significantly higher late in the
ing the parasite’s life cycle, or environmental effects. Here |

di bl ¢ variati warm season than early, while asexual parasitemia was simi-
Iscuss possible sources of variation. lar throughout. Investment in gametoycte production appears
to be synchronized with the peak of adult sand fly activity in

Sources of variation July—August (Chaniotis and Anderson 1968; Ayala 1977,
Schall 1996).
Infection prevalence Because sand-fly vectors overwinter as larvae, and trans-

Infection prevalence is dependent on the number of inovarial transmission has not been demonstrated, the parasite
fected hosts in the population, the abundance and feedingiust overwinter in the vertebrate host (Chaniotis and Ander-
behaviour of biting vectors, and host susceptibility to infection,son 1968; Bromwich and Schall 1986). Lizard mortality is
and is positively associated with transmission rate (MacDonaldthigh during the winter months (Bromwich and Schall 1986),
1957; Aaron and May 1982). In turn, the transmission rate iposing a threat to the reproductive success of parasites that
positively associated with within-host replication rates (Readare not transmitted during the first season. Bromwich and
1994; Frank 1996). The relationship between parasitemi&chall (1986) hypothesized that infections beginning early in
and transmission to the vector has been established in maitlye season, and thus having a potentially longer transmission
species (Taylor and Read 1997). The possibility that infecseason, may grow more slowly to reduce host pathology,
tion prevalence influences within-host replication rates andvhile those initiated later in the season, which have a shorter
maximum parasitemia has drawn less attention. Interestinglyindow of transmission, might grow more rapidly. Like
in areas where transmission rates are high, there tend to lBromwich and Schall (1986), | found no significant differ-
more clones per infection than in areas where transmissioances in growth rates according to when the infection first
rates are low (Babiker and Walliker 1997). Therefore, inter-became patent in the blood.
action between strains could lead to increased replication In P. mexicanuninfections, peak gametocytemia is corre-
rates and parasitemia (Taylor et al. 1807 lated with the growth rate of gametocytes (Eisen and Schall

Because no significant differences in infection prevalence2000), and gametocyte density is positively associated with
were detected over the 4-year period studied, except in olddransmission success up to a density of 20 gametocytes per
lizards that presumably had longer exposure periods, it i4000 RBCs (J.J. Schall, University of Vermont, unpublished
unlikely that the observed variation in life-history traits is re- data); thus, slow-growing infections started later in the sea-
lated to infection prevalence. A longer term study in whichson could have reduced transmission success. However, ma-
variation in infection prevalence is significant, or a com- turity of an infection, or the time when gametocytes are first
parative study, is necessary to determine whether any assogroduced, is independent of peak parasitemia and growth
ations exist between infection prevalence and the life-historyate (all 3 measures) (Eisen and Schall 2000). Like that of
of P. mexicanum other species ofPlasmodium maturity of P. mexicanum
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infections may be phenotypically plastic, with strains re- California: Part Il. Field population dynamics and natural flagel-
sponding differently, based on environmental cues (Buckling late infections in parous females. J. Med. EntonsoR273-292.

et al. 1997, 1999; Taylor et al. 1987199M). Therefore, Davis, J., and Ford, R.G. 1983. Home range in the western fence
slow-growing infections that become patent late during the lizard. Copeia, 1983: 933-940.

warm season could still produce gametocytes_ Day, K.P.,_Koella, JC, Nee, S., G_upta, S., anq Read,_A.F. 1992.
Population genetics and dynamics Bfasmodium falciparum

an ecological view. Parasitologg04 S35-S52.

Furth(_er studies . . . Eisen, R.J., and Schall, J.J. 2000. Life history of a malaria parasite
While Ion.g-term natural stud|.es_ of par.asngs are critical to (Plasmodium mexicanymindependent traits and basis for vari-
understanding the extent of variation in life histories of para-  4iion. Proc. R. Soc. Lond. B Biol. Sc267 793-800.

sites, manipulative experiments are needed to determine hogya|d, p.w. 1994. Evolution of infectious disease. Oxford Univer-
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