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ABSTRACT: Numerous studies have identified factors that control avian hematozoan infections,
but the mechanisms that account for host differences in parasitemia remain largely speculative.
To address this issue, we compared the prevalence of these parasites in stained blood smears
from four conspecific Sonoran desert Aimophila sparrow species sampled during their breeding
season: rufous-winged (Aimophila carpalis; RWSP), rufous-crowned (Aimophila ruficeps; RCSP),
Cassin’s (Aimophila cassinii, CASP), and Botteri’s (Aimophila botterii; BOSP) sparrows. Blood
smears contained Haemoproteus fringillae (RWSP), Trypanosoma everetti (RWSP, RCSP, BOSP),
Trypanosoma avium (CASP), and microfilariae (all species). Most (92.5%) RWSP (n540) were
infected with Haemoproteus, but this parasite was not detected in RCSP (n520) or BOSP (n520)
and was found only in one (2.5%) CASP (n540). Trypanosoma spp. and microfilariae were de-
tected in all species, but prevalence differed between these four sparrow species. Species differ-
ences in parasite prevalence were not due to difference in sex, age, adult body mass, incubation
period, breeding habitat, or plumage colorfulness. However, differences in Haemoproteus sp.
prevalence correlated with preferred nesting height, as RWSP generally nest above ground,
whereas the other species nest on or close to the ground. Elevated H. fringillae prevalence in
breeding-condition RWSP presumably does not result from a seasonal relapse associated with
breeding or require new infection because 1) this prevalence did not differ in males sampled
during and outside (n521) the breeding season, and 2) all male RWSP (n525) that we held in
captivity and shielded from new infections and influence of natural photoperiod for 1 yr had
viable blood H. fringillae gametocytes. H. fringillae prevalence in fall-sampled hatch-year male
RWSP (n511) was 63.6%, demonstrating that this parasite can be transmitted on the breeding
grounds and during the first months of life. T. everetti prevalence in RWSP was lower in winter
than in summer and also in long-term captive than in free-ranging adults. Presence of this parasite
in the blood of breeding males may depend on recrudescence of existing infections or new
infections.

Key words: Botteri’s sparrow, Cassin’s sparrow, Haemoproteus, microfilariae, rufous-crowned
sparrow, rufous-winged sparrow, Trypanosoma.

INTRODUCTION

Many studies have described avian he-
matozoan infections (Bennett and Fallis,
1960; Greiner et al., 1975; Kucera, 1981;
Rodriguez and Matta, 2001; Murata,
2002), but the mechanisms that control in-
tra- and interspecific differences in these
infections remain poorly understood.
Within species, infections vary as a func-
tion of age (Godfrey et al., 1990; Seutin,
1994; Deviche et al., 2001a), sex (Weath-
erhead et al., 1991; Weatherhead and Ben-
nett, 1992; Norris et al., 1994), and behav-
ior and reproductive effort (Nordling et
al., 1998). Between as well as within spe-
cies, infection also is influenced by the
host susceptibility (Adriano and Cordeiro,

2001), which itself reflects both host im-
munity and behavioral factors affecting the
likelihood of infection (Scheuerlein and
Ricklefs, 2004). Differences in parasite in-
fections have in some studies been asso-
ciated with differences in body mass, but
the nature of this association and the
mechanisms involved remain largely spec-
ulative (Scheuerlein and Ricklefs, 2004).
Finally, infection can depend on charac-
teristics of vectors such as time of emer-
gence and ecological requirements (Car-
dona et al., 2002; Garvin et al., 2003).
These characteristics may account for geo-
graphic and between-habitat differences in
parasite infections (Merilä et al., 1995; Tel-
la et al., 1999).
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To better understand the regulation of
avian hematozoan infections, we measured
the prevalence of these parasites in four
congeneric Sonoran desert sparrow spe-
cies: rufous-winged, Aimophila carpalis
(RWSP), rufous-crowned, Aimophila rufi-
ceps (RCSP), Cassin’s, Aimophila cassinii
(CASP), and Botteri’s, Aimophila botterii
(BOSP) sparrows. These species are of
particular interest for investigating this
topic because they share many biological
characteristics (Webb and Bock, 1996;
Collins, 1999; Dunning et al., 1999;
Lowther et al., 1999). For example, they
have approximately the same adult body
mass (15–20 g) and breed in generally sim-
ilar (open arid grasslands with low trees
and scattered shrubs) and overlapping
habitats. In addition, their reproductive
season is temporally flexible and coincides
with irregular local precipitations. They
also have similar incubation periods (11–
13 days). These factors in other species
have been associated with differences in
parasitemia (see above; Ricklefs, 1992;
Scheuerlein and Ricklefs, 2004).

Hamilton and Zuk (1982) hypothesized
that sexually selected ornamental traits, in
particular plumage, constitute reliable sig-
nals of resistance to parasites. According
to this hypothesis, which remains a matter
of considerable debate (Yezerinac and
Weatherhead, 1995; Bortolotti et al., 1996;
Lindström and Lundström, 2000), expres-
sion of these traits across species should
be positively associated with susceptibility
to parasite infections (Møller, 1990). The
four Aimophila species that we investigat-
ed are not brightly colored to the human
eye, yet exhibit species-specific plumages.
To evaluate a potential contribution of
plumage to parasite infections, we mea-
sured plumage colorfulness and examined
whether species differences in this param-
eter parallel differences in parasite preva-
lence. We also investigated whether dif-
ferences in prevalence are associated with
preferred nesting sites. Research on non-
desert forest birds reported parasitemia to
be positively related to the vertical strati-

fication of nesting sites (Bennett and Fal-
lis, 1960; Greiner et al., 1975; Garvin and
Remsen, 1997). Three sparrow species
that we investigated (RCSP, CASP, and
BOSP) nest on or close to the ground, but
RWSP generally build nests in bushes 0.5–
3 m above ground. If parasite vectors in
the Sonoran desert are stratified, as is the
case in other environments, we hypothe-
sized that RWSP would have a higher par-
asite prevalence than RCSP, CASP, and
BOSP.

To ensure that data were as comparable
as possible, we sampled birds that were of
same sex (males) and age (adults), were in
breeding condition, and were caught in
the same region (see Results). To better
understand the mechanisms that control
parasite prevalence, we determined prev-
alence in RWSP that we held captive for
1 yr. While captive, these birds were
shielded from parasite vectors and the in-
fluence of natural photoperiod on relapse
induction. We also measured prevalence in
males sampled outside the breeding sea-
son and in young male RWSP to deter-
mine whether these birds can be infected
within months of hatching, as is the case
for other species (Barnard and Bair, 1986;
Weatherhead and Bennett, 1992; Merino
and Potti, 1995).

MATERIALS AND METHODS

Free-ranging birds

To compare parasite infections between spe-
cies and, for RWSP, between adult and hatch-
year (HY) males, we caught sparrows in Pima,
Santa Cruz, and Cochise counties, Arizona (av-
erage latitude and longitude: 31850’N,
1118NW), using conspecific playback record-
ings and Japanese mist nets. Adults in breeding
condition were caught in July and August 2003
and 2004. Hatch-year male RWSP were caught
in summer and fall 2000 and 2001. Male RWSP
used for the fall/winter sample were caught in
2000, early 2001, and 2002. Inclusive (in pa-
rentheses) and median (in brackets) dates of
collection for summer adults were: RWSP (10
July–27 August 2003 [18 July 2003]); RCSP (11
July–28 August 2003 and 2004 [1 August 2003,
n514, and 20 August 2004, n56]); CASP (July
24–22 August 2003 and 2004 [15 August 2003,
n537, 12 August 2004, n53]); and BOSP (24
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July–12 August 2003 and 2004 [24 July 2003,
n51; 29 July 2004, n519]). For HY RWSP,
dates of collection were 16 August–11 Novem-
ber 2000 and 2001 [7 October 2000; 16 August
2001] and for fall/winter RWSP dates of collec-
tion were 11 November–11 January 2000–01
and 2001–02 [11 November 2000; 11 January
2001; 3 December 2002].

To determine whether parasite prevalence in
RWSP differs between years and sites, we com-
pared this prevalence in different adult males
caught at the same site (site 1: Santa Rita Ex-
perimental Range, 31847’29’’N; 110851’43’’W)
in 2000 (12 July–10 August, n513) and 2001
(all on 19 July, n510), and at a second site (site
2: Duval Mine, 31851’25’’N; 11180’45’’W) in
2003 (18–31 July, n513). Site 1 is located 8 km
from site 2 and most RWSP used in the present
investigation were caught within 10 km of these
sites.

All captures took place between 5:00 AM and
6:30 PM (Pacific standard time). We deter-
mined the sex of all birds either by unilateral
laparotomy under lidocaine-induced topical an-
esthesia and visual inspection of the gonads or,
in summer, using external morphologic char-
acteristics (developed cloacal protuberance in
males; incubation patch in females; Pyle, 1997).
Age (HY or after HY) was determined on the
basis of the degree of skull pneumatization
(Pyle, 1997). The skull of HY RWSP was large-
ly unpneumatized (median degree of pneuma-
tization 5 1 on a scale ranging from 0 [no
pneumatization] to 3 [full pneumatization]), in-
dicating that these males were a few months
old when captured. The skulls of most male
RWSP caught during November through Jan-
uary were completely pneumatized and these
birds were, therefore, of unknown age.

Within three minutes of capture, we re-
moved birds from the net and collected blood
from the brachial vein into heparinized micro-
hematocrit tubes. We used approximately 5 ml
of blood to prepare thin smears on glass micro-
scope slides (Bennett, 1970; Deviche et al.,
2001a); blood smears were dried at ambient
temperature and were placed in airtight boxes
until returned to the laboratory. We then
weighed birds to the nearest 0.1 g, marked
them with a numbered aluminum leg band,
and either released them at the capture site or
brought them into captivity. In the laboratory,
blood smears were fixed for 5–10 min in ab-
solute methanol and stained using the Giemsa
technique (Bennett, 1970). Stained smears
were dehydrated overnight under vacuum,
cleared with xylene, and covered with 0.16-
mm-thick glass coverslips using Cytoseal 60
(VWR, San Francisco, California). The cover-
slip thickness made it possible to study smears

at high (10003) light microscope magnification
under oil immersion for parasite identification.
Prevalence of parasites (proportion of infected
individuals in a given sample) was determined
by light microscopy; one stained blood smear
from each bird was viewed for at least 10 min
at low (2503) and high (4003) magnification
as described by Deviche et al. (2001a). Para-
sites were identified at 10003 magnification.
Representative positive slides from the four
sparrow species were deposited at the US Na-
tional Parasite Collection (Beltsville, Maryland;
accession numbers: USNPC 96-450 to -458).

Captive birds

We caught 25 adult male RWSP between 3
July and 14 August 2003, brought them into
captivity at the Arizona State University Animal
Care Facility, and placed them in light- and
temperature-controlled vector-free environ-
mental chambers. Each sparrow was kept in an
individual cage and was in visual and acoustic,
but not physical, contact with other birds. Spar-
rows were fed commercial finch chow and re-
ceived water ad libitum. Twice a week (except
14 April–16 July) they also received live meal-
worms. Between August 2003 and July 2004,
we used these birds for studies on the photo-
periodic control of reproduction. During this
period we exposed them to specific light re-
gimes and repeatedly bled, measured, and lap-
arotomized them (Deviche and Small, unpubl.
data), but they received no other experimental
treatment. On 19 July 2004, when males had
been captive for approximately 1 yr, a blood
smear was obtained for each bird as previously
described.

To evaluate the viability of Haemoproteus
fringillae gametocytes present in the blood of
captive RWSP, a blood sample was collected
from the brachial vein of five males on 27 July
2004. Blood was dispensed (within seconds of
collection) on four microscope slides that we
placed in a humid chamber. Two, 3, 4, or 5 min
later we spread and air-dried the blood in prep-
aration for staining as described above. Stained
smears were studied under the microscope at
4003 magnification for the presence of extra-
cellular gametocytes, exflagellating bodies, and
free gametes. We assumed that if H. fringillae
gametocytes became senescent, they would not
be able to produce gametes, as reflected by
their inability to undergo exflagellation.

Plumage colorfulness

We measured the plumage colorfulness of
the four study species (n58 nonmolting adult
males per species except BOSP, n51 nonmolt-
ing adult male). Because ultraviolet signals
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TABLE 1. Body mass and blood parasite prevalence of free-ranging adult male Aimophila sparrows in breed-
ing condition.

Species n Body massa

Parasite prevalence (% infected birds)

Haemoproteus Microfilariae Trypanosoma Overall

Rufous-winged sparrow
Aimophila carpalis 40 15.560.8 92.5b 2.5 27.5d 92.5

Rufous-crowned sparrow
Aimophila ruficeps 20 19.661.1 0 30 15d 45

Cassin’s sparrow
Aimophila cassinii 40 17.861.0 2.5c 2.5 15e 17.5

Botteri’s sparrow
Aimophila botterii 20 20.561.0 0 5 5d 10

a Grams, means6standard deviations.
b Haemoproteus fringilliae.
c Haemoproteus sp.
d Trypanosoma everetti.
e Trypanosoma avium.

were not detected from the body plumage us-
ing an Ocean Optics spectrophotometer (Du-
redin, Florida) as described by McGraw et al.
(2002), we measured plumage color using dig-
ital photography, which detects only visible
light. Each sparrow was photographed twice
using a Canon Digital Rebel camera (Elk
Grove Village, Illinois) equipped with a Canon
EFS 18–55 mm lens. Males were held 21 cm
from the camera lens against a standard gray-
board background, and the left side of the body
was photographed using the built-in camera
flash at a shutter speed of 1/60 sec and an ap-
erture value of ƒ5.6. Photos were imported into
Adobe Photoshopt CS (v. 8.0) (San Jose, Cali-
fornia) at an image resolution of 3,072 3 2,048
pixels. Since we were interested in overall col-
orfulness, we selected the entire lateral profile
of each bird with the lasso tool and used red/
blue/green values from the histogram palette to
calculate plumage hue (in degrees around a
3608 color wheel), saturation, and brightness
(expressed in percentages) using the color pick-
er function (Dale, 2000).

The Arizona State University Institutional
Animal Care and Use Committee approved all
of the experimental procedures. Field studies
were conducted under appropriate Arizona
Game and Fish Department, US Fish and
Wildlife Service, and US Geological Survey sci-
entific collecting and banding permits.

Statistical analysis

Summer body mass of the four sparrow spe-
cies was compared using one-way analysis of
variance (1ANOVA) followed with Student-
Newman-Keuls post hoc comparison tests
(SNK). We compared parasite prevalence be-

tween multiple groups of sparrows using the
Chi-square test for multiple independent sam-
ples when applicable (Siegel, 1956), and be-
tween two groups using the Fisher exact prob-
ability test. For each plumage feature (hue, sat-
uration, and brightness) we analyzed differenc-
es between CASP, RWSP, and RCSP using
two-way analysis of variance for repeated mea-
sures (2ANOVA) with species and the two suc-
cessive measurements obtained for each bird as
independent variables; these were followed
with SNK tests when appropriate. Brightness
data were log10-transformed before analysis to
approach a normal distribution. Correlations
between plumage features and between mea-
surements of each feature obtained for each
sparrow were determined using the Pearson
product-moment correlation coefficient. The
significant statistical threshold of all tests was
set at P#0.05.

RESULTS

Parasite identification

Infections with Trypanosoma avium
were restricted to CASP, but T. everetti
was detected in RWSP, RCSP, and BOSP.
H. fringillae was found only in RWSP, but
an unidentified Haemoproteus was found
in a single CASP. Unidentified microfilar-
iae were detected in all species.

Parasite prevalence during the breeding season

Prevalence of each parasite type varied
among sparrow species (Table 1). The
prevalence of Haemoproteus sp. was sig-
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FIGURE 1. Prevalence (proportion of infected birds
in a sample) of blood parasites in male rufous-winged
sparrows, Aimophila carpalis. The figure presents
data for free-ranging summer-sampled adults in
breeding condition (Breeding, n540), nonbreeding
males (Winter, n521), and adult males held in cap-
tivity and shielded from insect vectors for 1 yr (Cap-
tives, n525). *Indicates a significant difference with
the corresponding data for the Breeding group (Fish-
er exact probability test, P#0.05).

TABLE 2. Hematozoan prevalence in adult male Ru-
fous-winged Sparrows, Aimophila carpalis, sampled
in summer 2000, 2001, and 2003 at two different
sites.

Species n

Parasite prevalence
(% infected birds)

Haemo-
proteus

fringillae
Micro-
filariae

Trypano-
soma

everetti

Site 1, 2000
Site 1, 2001
Site 2, 2003

13
10
13

100
90
92

15
10

0

31
50
38

nificantly greater (P,0.001) in RWSP
(92.5%) than in CASP (2.5%), BOSP (0%),
or RCSP (0%). The prevalence of T. ev-
eretti was likewise highest in RWSP, but
significant differences were only detected
between RWSP and BOSP (P50.047).
However, prevalence estimates for Try-
panosoma sp. should be approached with
some caution, because when detected, this
parasite was generally found in small num-
bers (maximum 12 per smear in one
RWSP) and in some cases may have es-
caped detection. The prevalence of micro-
filariae was significantly higher (P50.004)
in RCSP (30%) than in RWSP (2.5%) and
CASP (2.5%).

Parasite prevalence outside the breeding season

Free-ranging RWSP (n521) sampled
during late fall and in winter, outside of
the reproductive season (Deviche and
Small, 2005), and males in breeding con-
dition had similar prevalence of H. frin-
gillae and microfilariae, but fall/winter-
sampled males had a lower prevalence of
T. everetti than summer-sampled males
(P50.044; Fig. 1).

Parasite prevalence in HY male RWSP

Prevalence of microfilariae and trypano-
somes was similar in HY (microfilariae 0%;
trypanosomes 18.2%) and adult RWSP,
but fewer young than adults were infected
with H. fringillae (young 63.6%; adults
92.5%; P50.031). Male RWSP are, there-
fore, susceptible to infection with trypano-
somes and H. fringillae within months of
hatching.

Comparison of parasite prevalence between sites
and years

Significant differences in prevalence for
H. fringillae, microfilariae, or T. everetti
were not detected between adult male
RWSP caught at site 1 during 2000 and
2001 (Table 2). Differences also were not
detected between prevalence estimates for
these parasites from males sampled in
2000 and 2001 at site 1 compared to males
sampled in 2003 at site 2. Taken together,
these observations suggest that parasite
prevalence in RWSP sampled during the
summer in the study area was geographi-
cally uniform and did not vary between
years.

Parasite prevalence in captive adult male RWSP

All males that we sampled after 1 yr of
captivity were patent with H. fringillae
(prevalence 100%; Fig. 1). Significant dif-
ferences in prevalence estimates for these
birds and summer-sampled free-ranging
adults were detected only for T. everetti
(P50.005), which was lower in the captive
birds. Thus, prolonged shielding from par-
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FIGURE 2. Plumage characteristics (hue, in degrees
around a 3608 color wheel; saturation; brightness, ex-
pressed in percentages; see text for details; n58 adult
males per species; means 1 standard deviations) of
rufous-winged sparrows, Aimophila carpalis, rufous-
crowned sparrows, Aimophila ruficeps, and Cassin’s
sparrows, Aimophila cassinii. Plumage saturation, but
neither hue nor brightness, differed between species
(*: P#0.05, Student-Newman-Keuls test).

asite vectors apparently resulted in a re-
duction of T. everetti infection or detec-
tion, but did not affect the prevalence of
H. fringillae. Wet samples of fresh blood
obtained from captive sparrows contained
free H. fringillae gametocytes, exflagellat-
ing bodies, and gametes after 3–4 min, in-
dicating viability of intraerythrocyte para-
sites.

Body mass

The average body mass of summer-sam-
pled males varied between 15.5 g (RWSP)
and 20.5 g (BOSP) and differed between
species (Table 1; 1ANOVA: F3,1195154,
P,0.001). These masses did not overlap,
that is, each species had an average body
mass that differed from that of the three
other species (SNK tests: P,0.003 for all
species). Parasite prevalence did not cor-
relate with differences in body mass.

Plumage colorfulness

The two successive measurements of
each plumage characteristic (hue, satura-
tion, brightness) taken for each bird were
correlated (combined data for RCSP,
RWSP, and CASP, n524; BOSP not in-
cluded; Pearson product-moment correla-
tion coefficients .0.6, P,0.002) and did
not differ (2ANOVA, P.0.15), indicating
that these measurements were reliable and
consistent. Plumage hue in RCSP, RWSP,
and CASP (three species combined,
n524) was not correlated with plumage
saturation or brightness, but saturation
and brightness were negatively correlated
(Pearson product-moment correlation co-
efficient 5 20.772, P,0.0001), that is,
brightest males had, on average, the least
color-saturated plumage.

The degree of plumage saturation in
CASP, RCSP, and RWSP differed signifi-
cantly (2ANOVA: F2,475 20.414, P,0.001;
Fig. 2): RCSP had a more saturated plum-
age than CASP, which in turn had a higher
degree of saturation than RWSP (SNK
tests: P,0.05). Plumage hue and bright-
ness of these three species did not differ
significantly (2ANOVA: hue, P50.09;

brightness, P50.071). Data for BOSP
(n51) were not analyzed statistically. The
plumage characteristics of the single bird
of this species that was measured were
closest to those of RCSP (hue, 33.0; satu-
ration, 29.0; brightness, 62.0%; compare to
data for RCSP in Fig. 2). A comparison of
data in Table 1 and Figure 2 reveals that
differences in plumage colorfulness were
not consistently related to differences in
parasite prevalence.

DISCUSSION

The objectives of this study were to
identify hematozoa present in Sonoran de-
sert Aimophila sparrows, to compare the
prevalence of these parasites among spe-
cies, and to investigate mechanisms that
may account for host differences in prev-
alence. We found sparrows to be infected
with three parasite types: Haemoproteus
sp., Trypanosoma sp., and microfilariae. In
contrast to studies conducted on other
passerines inhabiting environments other
than deserts (Young et al., 1993; Norris et
al., 1994; Merino et al., 1997; Rintamäki
et al., 1999; Deviche et al., 2001b), no
sparrow in the present study was found to
be infected with Plasmodium or Leucocy-
tozoon spp. One species (RWSP) was sam-
pled during four different years (2000–
2004) and at multiple sites, making it un-
likely that absence of Plasmodium and
Leucocytozoon spp. in these birds resulted
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from yearly or geographical differences in
infections as described for other passerines
(Merilä et al., 1995; Weatherhead and
Bennett, 1991). Rather, lack of detectable
infection with Plasmodium and Leucocy-
tozoon spp. in RWSP and presumably in
the three other study species probably re-
lates to factors such as absence of appro-
priate vectors, resistance to infection with
these parasites, or ecological barriers
(Laird, 1961; Blanco et al., 1998). We also
found parasite prevalence to be species
specific and such that the sparrows could
be divided into three groups with relatively
high (RWSP), intermediate (RCSP), and
low (CASP, BOSP) prevalence. This clas-
sification resulted largely from differences
in H. fringillae and to a lesser extent in
microfilaria prevalence. Indeed, Haemo-
proteus prevalence exceeded 90% in
RWSP, but was less than 5% in the other
sparrow species, and microfilariae were
detected in 30% RCSP, but in 5% or less
of the birds of other species.

To address species-related variation in
prevalence, we matched species in a clade
that exhibit similar life histories (Introduc-
tion). In particular, we examined preva-
lence only in adult males of four conge-
neric species that were sampled in a same
geographical region and during the sum-
mer, when they were in breeding condi-
tion. Within the study region, these spe-
cies occupy similar and overlapping breed-
ing habitats, and their average incubation
period (11–13 days) varies by only 2 days.
The present data demonstrate that ob-
served host differences in parasite preva-
lence were not due to age or reproductive
status. On the basis of study design, these
differences apparently are also not related
to duration of the incubation period, over-
all characteristics of breeding habitats, or
differences in vector distribution or abun-
dance.

Garvin and Remsen (1997) reported a
positive relation in forest birds between
plumage brightness and preferred nesting
and foraging stratum. As most parasite
vectors occur in mid-canopy, these authors

hypothesized that Hamilton and Zuk’s
(1982) proposed relationship between
plumage colorfulness and parasite inten-
sity may reflect an association between
nesting height and likelihood of infection,
as already suggested by Bennett and Fallis
(1960) and Greiner et al. (1975). If the dis-
tribution of vectors, in particular those
transmitting Haemoproteus sp., in the Son-
oran desert is stratified, as is the case in
other habitats, then this hypothesis is con-
sistent with our data. Indeed, Haemopro-
teus sp. prevalence was markedly higher in
RWSP, which generally nest well above
ground, than in the other Aimophila spe-
cies, which usually nest on or close to the
ground. Furthermore, most young male
RWSP were infected with H. fringillae and
some of these males also carried T. ever-
etti. Thus, RWSP are susceptible to he-
matozoan infection during their first
months of life, as is the case for other spe-
cies (Bennett et al., 1982; Weatherhead
and Bennett, 1992; Deviche et al., 2001a)
and it is possible that infection occurs in
the nest (Merino and Potti, 1995).

Parasite infection intensity and preva-
lence are generally higher during the re-
productive period (Kucera, 1983; Weath-
erhead and Bennett, 1992; Deviche et al.,
2001a). The prevalence of T. everetti ob-
served in captive RWSP during summer,
which was lower than the prevalence de-
tected in summer-sampled free-ranging
males, is consistent with a relation with re-
productive period as captive birds were
shielded from new infections and were
kept in conditions where they could not
breed. In addition, prevalence of this par-
asite in free-ranging males was higher in
the summer reproductive period than in
fall/winter, when birds were not breeding
and their reproductive system was quies-
cent. It has been proposed that a seasonal
increase in hematozoan infections results
from breeding effort, which may decrease
immunocompetence or induce behavioral
changes favoring exposure to vectors (Nor-
ris et al., 1994; Ots and Hõrak, 1996; Al-
lander, 1997). Our results for T. everetti in
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RWSP are consistent with this proposition,
but it is possible that the observed increase
in prevalence resulted from a seasonal in-
crease in the level of parasitemia; this
would result in an increased probability of
parasite detection.

In contrast to T. everetti prevalence, H.
fringillae prevalence in RWSP was similar
in summer field-sampled and long-term
captive males. In a recent study on another
passerine, Haemoproteus belopolskyi in-
fection was enhanced by captivity-associ-
ated stress (Valkiünas et al., 2004). On the
basis of this observation we cannot exclude
the possibility that H. fringillae persisted
in captive RWSP as a result of captivity-
related stress. However, prevalence of this
parasite did not differ in free-ranging
adults sampled in summer and winter. In
addition, 63.6% HY male RWSP were in-
fected with this parasite during their first
summer. Thus, once infected with H. frin-
gillae, RWSP may express this parasite in
blood chronically and perhaps indefinitely.
It should be noted that this conclusion
does not preclude the possibility of sea-
sonal or age-related changes in H. fringil-
lae infection intensity, and studies measur-
ing this parameter are warranted (Fedyn-
ich et al., 1995).

Hamilton and Zuk (1982) described a
positive association across passerine spe-
cies between sexual displays, in particular
plumage colorfulness, and parasite preva-
lence, and postulated that this association
results from sexual selection favoring in-
dividuals with genetic resistance to disease
as revealed by full expression of characters
that are indicative of health and vigor. Ex-
perimental evaluation of this hypothesis
has frequently been complicated by lack of
clearly defined and quantitative determi-
nation of plumage showiness or colorful-
ness (review: Møller, 1990). To address
this issue, we used the traditional tristim-
ulus scoring method (plumage hue, satu-
ration, and brightness) to quantify the
plumage colorfulness of the four Aimo-
phila species under study. Two plumage
characteristics (hue, brightness) did not

differ between species, but the degree of
plumage saturation was highest in RCSP,
intermediate in CASP, and least in RWSP.
These differences did not relate to the ob-
served differences in parasite prevalence
and results do not support a relationship
between hematozoan diversity or infection
prevalence and plumage colorfulness.

Previous research investigated within-
and between-species relationships be-
tween body mass and parasitemia. Within
species, Apanius and Kirkpatrick (1988)
and Merino et al. (2000) found body mass
and parasitemia in female American kes-
trels, Falco sparverius, and blue tits, Parus
coeruleus, respectively, to be negatively
correlated. Such correlations may reflect a
detrimental physiological impact of para-
site infections (Atkinson et al., 2000; Me-
rino et al., 2000; Yorinks and Atkinson,
2000; Dyrcz et al., 2005), but the mecha-
nisms that mediate this impact remain un-
certain as other research detected no ef-
fect of hematozoa infections on host health
or viability within species (brown-headed
cowbird, Molothrus ater, Weatherhead and
Bennett, 1992). Between species,
Scheuerlein and Ricklefs (2004) recently
reported a positive association between
body mass and prevalence of simuliid-
transmitted parasites (Leucocytozoon sp.,
Trypanosoma sp.) in European passerines.
As body surface increases with mass, this
association may result from large species
being more exposed to vectors and having
a higher prevalence than small species.
However, this association occurred at the
genus and family, but not species, levels;
that is, differences in body mass between
congeneric species accounted for an insig-
nificant portion of the overall (across all
species considered) variation in parasit-
emia. Consistent with these results, we
found no consistent relation between body
mass and parasitemia: the body mass of
the four sparrow species differed (BOSP
. RCSP . CASP . RWSP), but these
differences were not associated with inter-
specific differences in parasite prevalence.
Thus, the present data offer no support to
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the hypothesis of an interspecific positive
relation between body surface and parasite
prevalence or diversity.
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