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BOTFLY PARASITISM EFFECTS ON NESTLING GROWTH AND
MORTALITY OF RED-CRESTED CARDINALS

LUCIANO N. SEGURA'? AND JUAN C. REBOREDA?

ABSTRACT.—We collected observational data in three consecutive breeding seasons to study interactions between the
botfly Philornis seguyi and Red-crested Cardinals (Paroaria coronata) in a temperate zone near the southern limit of
Philornis distribution. We analyzed: (1) seasonal trends in prevalence of parasitism, (2) influence of botfly parasitism on
nestling growth rate and survival, and (3) the association between nest site vegetation at different scales (i.e., nest tree,
vegetation surrounding the nest tree, and landscape) and probability of botfly parasitism. Prevalence of parasitism was 28%
and was higher later in the breeding season. Botfly parasitism produced sub-lethal (lower growth rate of nestlings that
survive) and lethal (lower nestling survival) effects. The lethal effect was negatively associated with age at the time
nestlings were parasitized. Botfly parasitism was not associated with vegetation characteristics at the level of nesting tree or
vegetation surrounding the nesting tree, but was associated with landscape features. Parasite prevalence was higher in large
continuous woodland patches than in small isolated patches. However, we did not observe increased use of isolated patches
of forest by Red-crested Cardinals, suggesting that use of nest sites with high botfly parasite intensity could be the

consequence of high host density. Received 6 April 2010. Accepted 19 October 2010.

Nestling birds are hosts to a wide range of
ectoparasites that capitalize on the brief period of
rapid host development and resource availability
(Loye and Carroll 1995). Three dipteran families
(Calliphoridae, Muscidae, and Piophilidae) repre-
sent most of the hematophagous parasites of birds
(Uhazy and Arendt 1986, Ferrar 1987). Many
species of the genus Philornis (botflies) within the
Muscidae parasitize nestlings and adults of cavity
and open-nesting birds in the Neotropics (Arendt
1985a). Studies of the interactions between the
genus Philornis and their hosts have been limited
to a few species (i.e., P. downsi and Darwin’s
finches in the Galdpagos Islands) (Fessl et al.
2001; Fessl and Tebbich 2002; Fessl et al. 20064,
b; Dudaniec et al. 2006; Dudaniec et al. 2007;
Huber 2008; Kleindorfer and Dudaniec 2009;
O’Connor et al. 2010c), or to species distributed
in tropical and subtropical regions (Dudaniec and
Kleindorfer 2006).

The genus Philornis includes ~50 species of
flies, all ectoparasites of birds (Couri and
Carvalho 2003, Dudaniec and Kleindorfer 2006).
The life cycle of most of these species as well as
relationships with their hosts is frequently un-
known (Couri 1999, Teixeira 1999, Dudaniec and
Kleindorfer 2006). Flies of this genus are
distributed from central Argentina to the southern
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United States (Couri 1999, Fessl et al. 2001).
Botflies have been reported to parasitize at least
127 species of birds without marked host
specificity (Couri 1991, Teixeira 1999). Most
botfly species have subcutaneous larvae (Couri et
al. 2005) and nestlings can be parasitized as soon
as they hatch (Arendt 1985b; Delannoy and Cruz
1988, 1991; Spalding et al. 2002; Rabuffetti and
Reboreda 2007). Botfly larvae feed on red blood
cells (Uhazy and Arendt 1986) and remain in
nestlings for 5-8 days (Arendt 1985b, Young
1993, Rabuffetti and Reboreda 2007, Quiroga
2009) when they leave the nestling as third instars
and pupate in nest material (Uhazy and Arendt
1986). Adult flies emerge after a pupation period
of 1-3 weeks (Oniki 1983, Young 1993, Rabuf-
fetti and Reboreda 2007, Quiroga 2009).

Most studies indicate botfly parasitism produc-
es sublethal (i.e., lower growth rates) or lethal
effects on their hosts (Arendt 1985a, b; Delannoy
and Cruz 1991, Young 1993, Fessl and Tebbich
2002, Rabuffetti and Reboreda 2007). One of the
predictor variables for nestling survival is parasite
intensity (number of larvae/nestling) (Dudaniec
and Kleindorfer 2006). Some studies have report-
ed only 5-6 larvae caused nestling death (Arendt
1985b, Delannoy and Cruz 1991), but others
report similar intensities were not lethal (Nores
1995) and were only associated with lower growth
rates (Young 1993). The other variable that
influences nestling survival is age at the time
they are parasitized (Arendt 1985a, 2000; Rabuf-
fetti and Reboreda 2007) although this association
has been less studied. Parasite prevalence (the
percentage of nests with larvae) increases as the
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host breeding season advances (Arendt 1985a, b;
Young 1993; Rabuffetti and Reboreda 2007),
although some studies did not find a trend (Nores
1995, Fessl and Tebbich 2002, Quiroga 2009).

The role of nest-site vegetation on prevalence
and intensity of botfly parasitism has received
little research attention, except for the work of
O’Connor et al. (2010a) who reported higher
prevalence and intensity of botfly (P. downsi)
parasitism in moist forest highlands than in arid
lowlands of the Galapagos Islands and suggested
that size and continuity of forest patches could
influence botfly dispersal ability. Understanding
the role of nest-site vegetation on parasite
infestation may help predict the likelihood of
parasitism for a given host in a given environment
(Loye and Carroll 1998).

We used a large set of observational data
collected during three consecutive breeding sea-
sons to study the interactions between Philornis
seguyi and Red-crested Cardinals (Paroaria
coronata), a species that has been previously
reported as a host of botflies in central Argentina
(De la Pefa et al. 2003). We examined: (1)
seasonal trends in parasite prevalence and inten-
sity, (2) the influence of botfly parasitism on
nestling growth and survival, and (3) the associ-
ation between nest-site vegetation at different
scales and probability of botfly parasitism. We
hypothesized that survival of Red-crested Cardi-
nal nestlings may be negatively associated with
parasite intensity and positively associated with
age at time of parasitism. We expected nests in
small isolated patches of forest would have lower
parasite prevalence than those in large continuous
patches, because grassland areas that separate
isolated from continuous patches may act as
barriers for dispersal.

METHODS

Study Site.—The study was conducted near the
town of Punta Indio, Buenos Aires Province,
Argentina (35° 20" S, 57° 11" W). The vegetation at
the study site consists of woodlands arranged in
several strips (50-100 m in width and up to several
km in length) parallel to the edge of the ‘‘de la
Plata’” river surrounded by small areas of grass-
land. In addition, there are also small patches of
forests (between 10 and 70 m in diameter) more
distant from the edge of the river surrounded by
large areas of grassland. These small patches are
separated from woodland strips by 300-1,200 m.
The woodlands are dominated by Celtis tala
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(Tala) and Scutia buxifolia (Coronillo). The annual
rainfall for the study site is 891 mm and rainfall
during the study period varied between 772 (2005)
and 845 mm (2007). We collected data during
Red-crested Cardinal breeding seasons (early Oct—
mid Feb) 2005-2006 to 2007-2008. Average
annual rainfall during the breeding season is
typically 441 mm and, during the breeding seasons
of 2005-2006, 2006-2007, and 2007-2008, it
was 431, 439, and 487 mm, respectively. Ranges
of mean monthly ambient temperatures during
the study period were 14.8 (Oct) to 21.9° C (Jan)
in 2005-2006, 17.0 (Oct) to 23.2° C (Feb) in
2005-2006, and 17.1 (Oct) to 24.6° C (Jan) in
2007-2008.

Study Species.—Red-crested Cardinals inhabit
semi-open areas with scattered trees and shrubs
from east central Argentina to southern Brazil,
Paraguay, eastern Bolivia, and Uruguay (Ridgely
and Tudor 1994). Their nests at our study site
were at a height of 2—6 m, primarily in Talas and
secondarily in Coronillos and Molles (Schinus
longifolius) (Segura and Arturi 2009). Nests are
open-cups with external and internal diameters of
13 and 6.5 cm, respectively, a depth of 4.5 cm and
lateral translucent walls of 2 cm in width (LNS,
unpubl. data). The wall of the nest is built with
thin dry branches of Tala and small stems of grass
while the chamber is lined with thin rootlets,
vegetation fibers, and cattle hair. Clutch size
varies between two and four eggs, nestlings hatch
after 12 days of incubation and fledge ~14 days
after hatching (LNS, unpubl. data). Average mass
of nestlings at hatching is 3-3.5 g and 30-31 g at
time of fledging (LNS, unpubl. data).

The species of botfly recorded previously in our
study area is P. seguyi (Couri et al. 2005, Rabuffetti
and Reboreda 2007). We collected botfly larvae from
Chalk-browed Mockingbird (Mimus saturninus,
n = 21), House Wren (Troglodytes aedon, n = 9)
and Baywing (Agelaioides badius, n = 3) nestlings,
all identified (Martin Quiroga, INALI-CONICET,
Argentina) as P. seguyi (Garcia 1952, Couri et al.
2009). Quiroga (2009) described the life cycle of
this species. P. seguyi larvae feed and develop
subcutaneously in the host for 5-6 days reaching a
length of ~8-9 mm and a mass of 0.11-0.13 g.
Larvae drop from the host to undergo pupation,
emerging as adult flies after 9—10 days. Host larvae
do not pupate at the bottom of the nest due to the
scarce material that forms the cardinal nest, but
drop to the ground where they undergo pupation
(LNS, unpubl. data).
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Data Collection.—Nests were found by search-
ing systematically in potential nest sites and by
observing nesting behavior of territorial pairs
(Martin and Geupel 1993) of Red-crested Cardi-
nals. We found 367 nests (n = 108, 120, and 139
for the breeding seasons of 2005-2006, 2006—
2007, and 2007-2008, respectively). Nearly 50%
of the nests (n = 177) were found during
construction and laying with the remainder found
during incubation (n = 152) and after hatching
(n = 38). We used 131 nests that survived at least
6 days after the first nestling hatched (n = 36, 45,
and 50 for 2005-2006, 20062007, and 2007—
2008, respectively). We used this criterion in our
study because botfly parasitism occurred while
nestlings were between 1 and 6 days of age.
Inclusion of nests depredated before nestlings
were 6 days of age would result in underestima-
tion of parasite prevalence.

Nests were checked daily until all eggs hatched
and then every 2 days until the nestlings fledged
or the nest failed. Nestlings were marked after
hatching on the tarsus with black ink for
individual identification and color banded after
day 6. We recorded: (1) day of hatching for each
nestling, (2) number of nestlings hatched, (3) day
we found the first larvae in the nestling, (4) day
the nest failed or fledged young, and (5) number
of young fledged for each nest. We recorded: (1)
body mass, (2) lengths of the beak, right tarsus,
and wing, and (3) parasite intensity (number of
botfly larvae/nestling) for each nestling at each
nest Vvisit.

We measured body mass with 30 and 50 g
Pesola spring scales (accuracy = 0.2 and * 0.5 g,
respectively), length of the tarsus and beak with a
dial caliper (accuracy = 0.1 mm), and length of
the wing with a ruler (accuracy = 0.1 mm). We
minimized the effect of daily variation in body
mass and size by collecting these data between
1600 and 1900 hrs.

We analyzed the structure of the vegetation
surrounding the nest by measuring vegetation
characteristics at three different scales: (1) nest
tree, (2) vegetation surrounding the nest tree, and
(3) landscape. We measured (1) tree species, (2)
nest height, (3) distance from the nest to the edge
of the canopy, and (4) cover of the canopy at the
nest tree scale. We measured the cover of tree
canopy within a 15-m radius of the nest at the
surrounding nest tree vegetation scale, and
whether the nest tree was in the continuous strips
of forest parallel to the river or in small isolated
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forest patches more distant from the river at the
landscape scale. We used images QuickBird (5 m)
extracted from Google Earth (Digital Global
Coverage, 6 October 2008) to calculate the cover
of individual nest tree and proportion of canopies
in the nest surrounding area using Program
IDRISI Kilimanjaro 14.01 (Clark Labs 2003).

Data Analysis.—We assumed a nest was
successful if it fledged at least one young and
depredated if all nestlings disappeared between
two consecutive visits. We did not observe
abandonment of nests with nestlings in circum-
stances other than botfly parasitism. We assumed
that a nestling died as a result of botfly parasitism
if it was previously parasitized and found dead or
disappeared between visits with no evidence of
attack by predators (i.e., feathers or blood in the
nest).

We estimated the lethal effect of botfly
parasitism by comparing nestling survival (pro-
portion of nestlings that fledged) between non-
and parasitized nests excluding nests that were
depredated. We estimated the sub-lethal effects of
botfly parasitism by comparing growth rates of:
(1) body mass, (2) tarsus length, (3) beak length,
and (4) wing length between non- and parasitized
chicks that survived. We used brood means to
avoid pseudoreplication. We calculated growth
rates as the slope of a linear regression of the
values of each variable versus age of nestlings
between 2 and 8 days of age (hatching day = age
0). Growth rates of all the variables were almost
linear for nestlings 2—8 days of age (body mass: y
=3.0x+1.6,r=0.99, P <0.001; tarsus length:
y=21x4+59,r=0.99, P <0.001; beak length:
y =056 x+49,r=0.99, P <0.001; and wing
length:y = 4.7x — 0.79, r = 0.99, P < 0.001; n
= 222 data points from 66 non-parasitized nests).
We only considered nests in which we had three
or more measurements in that period (16 parasit-
ized and 66 unparasitized nests). We used nests
with nestlings during January and February only
for analysis of the association between vegetation
characteristics and botfly parasitism, as the
occurrence of parasitism in nests with nestlings
during the previous months was practically zero.

We used parametric tests for normally distrib-
uted data only, and nonparametric tests with
corrections for ties. We used Mann-Whitney U or
Kruskal-Wallis tests for independent compari-
sons. We used logistic regressions to analyze the
association between botfly parasitism (binary
dependent variable) and one or more independent

17/12/10 15:12:49 109 Cust # 10-053



110

THE WILSON JOURNAL OF ORNITHOLOGY - Vol. 123, No. 1, March 2011

TABLE 1.

Parasite prevalence (percentage of nests parasitized), parasite intensity (mean number of larvae/nestling and

per nest), latency of parasitism (time elapsed since hatching of the first nestling and nest parasitism), and date first brood of
Red-crested Cardinals was parasitized for three breeding seasons (2005-2008) in central Argentina woodlands.

2005-2006 2006-2007 2007-2008

Parasite prevalence 8/36 (22.2%) 12/45 (26.7%) 17/50 (34%)
Parasite intensity 144 = 1.6 10.8 = 1.8 134 = 1.7

(x = SE of larvae/nest) (range: 9-22) (range: 3-26) (range: 3-29)
Parasite intensity 6.7+ 13 65+ 14 64+ 09

(¥ = SE of larvae/nestling) (range: 4.5-16) (range: 2.5-19) (range: 1.7-16)
Latency of parasitism 3.0 =0.38 33 *+0.35 32 *0.39

(¥ = SE of age of nestlings) (range: 2-5) (range: 2-6) (range: 1-6)
Date first brood parasitized 10 Jan 31 Dec 11 Jan

variables. We used Fisher’s exact or Chi-square
tests for the analysis of contingency tables.
Reported values are means *=SE. All tests were
two-tailed and differences were considered sig-
nificant at P < 0.05. Statistical tests were
completed using STATISTICA 7.0 (StatSoft Inc.
2004).

RESULTS

Prevalence and Intensity of Parasitism during
the Breeding Season.—The prevalence of botfly
parasitism was 28.2% (37/131 nests) and did not
differ between years (X% = 0.85, P = 0.65;
Table 1). There was a positive association be-
tween occurrence of botfly parasitism and time of
breeding for the three breeding seasons (logistic
regressions: 2005-2006, X?, = 14.2, P < 0.001;
2006-2007, X*, = 17.1, P < 0.001 and 2007—
2008, X?; = 36.1, P < 0.001) with most
parasitized nests (36/37) occurring in January
and February (Fig. 1). We divided the breeding
season into 15-day intervals and calculated the
proportion of nests that were parasitized with
botflies for each interval to examine if the
seasonal increase in parasite prevalence during
January and February was associated with a
decrease in availability of nests. We combined
the data for the 3 years because of the small
number of periods per year. There was no
significant association between number of nests
with nestlings and botfly prevalence (Spearman’s
rank correlation: p = —0.20, P = 0.52, n = 12;
Fig. 1). All nestlings were parasitized in 35 of 37
nests. Botfly intensity was 6.5 * 0.66 larvae/
nestling (range: 1.6-19, n = 37 nests; Fig. 2A)
and was not statistically different between years
(Kruskal-Wallis test: H, = 0.12, P = 0.93;
Table 1). Mean parasite intensity per nestling
did not differ between nests with one, two or three
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nestlings (Kruskal-Wallis test: H, = 3.4, P =
0.18, n = 37) and was not associated with date of
hatching (Spearman’s rank correlation: p = 0.1, P
= 0.55, n = 37). Latency of parasitism (time
elapsed since hatching of the first nestling and
nest parasitism) was 4.2 = 0.2 days (range 2-
6 days, n = 35 nests; Fig. 2B) and did not differ
across years (Kruskal-Wallis test; H, = 0.6, P =
0.74; Table 1).

Lethal and Sub-lethal Effects of Botfly Parasit-
ism.—Thirteen of 37 nests parasitized by botflies
were depredated and excluded from analysis of
nestling survival. No nestlings fledged in 4/24
nests (17%), there was partial fledging (some
nestlings fledged, some died) in 7/24 nests (29%),
and all nestlings fledged in 13/24 nests (54%).
Nestling survival was lower in parasitized than in
non-parasitized nests (parasitized: 0.6 = 0.07, n =
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FIG. 1. Botfly parasitism of Red-crested Cardinals at

different times of the breeding season in Buenos Aires
Province, Argentina. White circles show the number of
nests that produced nestlings during the 15-day interval and
black circles = the percentage of those nests parasitized by
botflies. Data correspond to the breeding seasons of 2005—
2006, 2006-2007, and 2007-2008 combined (n =
131 nests).
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FIG. 2. Frequency distributions of the number of botfly
larvae per nestling of Red-crested Cardinals; (A) = parasite
intensity and (B) = time elapsed since hatching of the first
nestling and nest parasitism (latency).

24; non-parasitized: 0.86 = 0.02, n = 74; Mann-
Whitney U-test: Z = 3.35, P = 0.0008). We did
not detect an association between nestling surviv-
al and parasite intensity/nestling (Spearman’s
rank correlation: p = —0.19, P = 0.37, n = 24;
Fig. 3A), but nestling survival was positively
associated with latency of parasitism (Spearman’s
rank correlation: p = 0.59, P = 0.002, n = 23;
Fig. 3B). Intensity and latency of parasitism were
negatively associated (Spearman’s rank correla-
tion: p = —0.48, P = 0.02, n = 23).

Predation outcome did not differ between
parasitized and non-parasitized nests (X?; =
0.33, df = 1, P = 0.56) for the three breeding
seasons combined. Young that fledged from
parasitized nests had lower growth rates for body
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FIG. 3. Red-crested Cardinal nestling survival as a

function of the number of botfly larvae/nestling; (A) =
parasite intensity and (B) = time elapsed since hatching of
the first nestling and nest infestation (latency).

mass (Fig. 4A), tarsus length (Fig. 4B), beak
length (Fig. 4C), and wing length (Fig. 4D) than
young that fledged from non-parasitized nests
(Mann-Whitney U-test; body mass: Z = —2.94,
P = 0.003; tarsus length: Z = —3.02, P = 0.002;
beak length: Z = —2.54, P = 0.01; wing length:
Z = —2.13, P = 0.03).

Characteristics of the Vegetation and Botfly
Parasitism.—We did not detect a significant
association between occurrence of botfly parasit-
ism and species of nest trees (Talas: 22/44;
Coronillo: 15/23; X> = 0.04, P = 0.52). We also
did not observe a significant association between
botfly parasitism and other characteristics of the
vegetation at the nest-tree level (logistic regres-
sions for nest height: X*, = 1.24, P = 0.26;
distance from the nest to the edge of the canopy:
X? = 0.04, P = 0.83; and cover of the canopy:
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FIG. 4. Growth rates of (A) body mass (g X day™ "), (B)
tarsus length (mm X day™"), (C) beak length (mm X day™'),
and (D) wing length (mm X day~') for Red-crested Cardinal
nestlings that fledged from unparasitized nests (NP, n = 66)
and from nests parasitized by P. seguyi botflies (P, n = 16).
Growth rates were estimated as the slope of the linear
regression between the values of each variable and the age of
nestlings between 2 to 8 days of age (hatching day = age 0).

X? = 0.86, P = 0.35; n = 67), or at the level of
vegetation surrounding the nest tree (logistic
regression: X?; = 2.67, P = 0.1, n = 67). There
was a significant effect of landscape features and
botfly parasite prevalence: nests in connected
riverine woodlands had higher parasite prevalence
than nests in small woodland patches more distant
from the river (large riverine woodlands patch:
32/46 nests; small woodlands patch: 5/21 nests;
X? = 4.0, P = 0.04).

DISCUSSION

Botfly parasitism of Red-crested Cardinals
increased during the breeding season, but was
not significantly different across years. Parasite
prevalence and intensity had lethal (lower nestling
survival) and sub-lethal (lower growth rate of
nestlings that survive) effects. Nestling survival in
parasitized nests was positively associated with
age at which nestlings were parasitized. In
addition, botfly parasitism was more prevalent in
nests in large continuous patches of riverine
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woodland than in small isolated patches further
from the river.

Red-crested Cardinals start breeding in early
October, but first records of botfly parasitism
occurred in late December-early January. Simi-
larly, Rabuffetti and Reboreda (2007), in a study
conducted only 35 km north of our study site,
observed low prevalence of botfly parasitism at
the beginning of the Chalk-browed Mockingbird
breeding season (mid Oct—early Dec), but high
prevalence towards the end of the season (late
Dec—Jan). Quiroga (2009) studied House Wrens
500 km north our study area and reported botfly
parasitism in late October—November and did not
detect any seasonal trend in parasite prevalence. It
is likely our study site is close to the southern
limit of Philornis distribution, as studies of House
Wrens (a regular host of botflies; Young 1993,
Quiroga 2009) 100 km south of our study site did
not detect parasitism (Llambias and Ferndndez
2009; Paulo Llambias, pers. comm.). The increas-
ing absence of botfly parasitism approaching the
southern limit of the parasite’s distribution could
be the result of lower ambient temperatures that
delay emergence of new adults early in the
season. Bennett and Whitworth (1991a, b) report-
ed population size of flies of the genus Proto-
caliphora increased over the breeding season
because new adults emerge while older flies
persist. Thus, as the season advances, the number
of adult flies increases which would explain the
finding of higher parasite prevalence.

Many studies report parasitic botflies (Philornis
spp.) have detrimental effects on nestling survival
(Arendt 1985b, Delannoy and Cruz 1991, Fessl
and Tebbich 2002, O’Connor et al. 2010c),
growth (Young 1993), and malformation that
may persist in adults (Galligan and Kleindorfer
2009). Our results conducted in a temperate area
close to the southern limit of the distribution of
botflies indicate that botfly parasitism can lower
host’s reproductive success. Many nests had total
and partial fledging success (83%), but we found
lethal (lower nestling survival) and sub-lethal
(lower growth rate of nestlings that survive)
effects of parasitism. Our study also showed that
low parasite intensity (6—7 larvae/nestling) could
produce lethal effects. Botfly parasitism in our
study decreased nestling survival from 0.86 to 0.6.
This effect was less than reported by Rabuffetti
and Reboreda (2007) for Chalk-browed Mocking-
birds, where botfly parasitism decreased nestling
survival from 0.78 to 0.3. Differences in the
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impact of botfly parasitism on host nestling
survival between studies may be due to differ-
ences in parasite intensity, which was three-fold
higher in mockingbirds than in cardinals.

Latency of parasitism, as in other studies
(Arendt 1985a, 2000; Rabuffetti and Reboreda
2007), was an important factor that influenced
nestling survival. We found a positive relationship
between nestling survival and age at time of
parasitism. We also observed a negative associ-
ation between latency and parasite intensity. The
latter association possibly indicates that changes
in the skin of nestlings as they grow (likely the
presence of feathers after day 5-6) may prevent
larvae from penetrating the skin. We did not find
an association between nestling survival and
parasite intensity, probably due to low intensity
in this study.

Nests in large continuous forest along river
edges were more parasitized than those in small
isolated patches, even when the distance between
both types of patches was a few hundred meters.
Bennett and Whitworth (1991b), in an experi-
mental study with adult flies of the genus
Protocaliphora, found that adult flies do not
move large distances and that new infestations
occur <50 m from where adults emerged.
Dudaniec et al. (2010) also found lower levels
of genetic relatedness in P. downsi when nests
where located in more arid environments and host
nesting density was lower. Open areas of
grasslands that separate patches of forest may
act as barriers for botfly dispersal. Alternatively,
isolated patches of forest could have microclimate
conditions (i.e., lower humidity and higher
temperatures) that may reduce their suitability
for botflies. O’Connor et al. (2010a) found habitat
differences in Philornis parasite prevalence and
intensity with higher levels of parasitism in moist
forest highlands than arid lowlands on Floreana
Island, in the Galapagos.

Some authors have proposed birds should avoid
selecting nesting sites where they are more
exposed to parasites, and that selection for good
sites would be the first line of defense against
parasitism (Loye and Carroll 1991, 1998; O’Con-
nor et al. 2010b). We did not observe behavior by
Red-crested Cardinals that suggested increased
use of isolated patches of forest and earlier onset
of breeding to avoid the higher parasite preva-
lence typical of riverine forest patches. Use of
nest sites with high botfly parasite intensity could
be the consequence of high host density; we have
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observations of high nesting density of Red-
crested Cardinals in riverine forest study sites
(LNS, unpubl. data). Kleindorfer and Dudaniec
(2009) and Kleindorfer et al. (2009) found an
effect of high host nesting density on high P.
downsi parasite intensity in the Galapagos Islands.
Little is known about the role of parasite
infestation for host nest site selection behavior:
more studies on these interactions are needed.
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