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Evidence for tolerance of parasitism in a tropical cavity-nesting bird,
planalto woodcreepggeridrocolaptes platyrgsinsiorthern Argentina
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Abstract: Avian hosts may either resist the negative effects of nestling ectoparasites by minimizing the number of
parasites, or tolerate parasitism by increasing their fecundity via the reproductive compensation hypothesis. Little is
known about the interactions between ectoparasites and their avian hosts in the tropics. We (1) examined nestling
developmentrates, and tested whether (2) parasitism by a subcutaneous ectoparasitic boBkyl¢rnis sp.) had negative
effects on the condition of nestlings, and (3) these negative effects were minimized in larger broods in a tropical cavity-
nesting bird, the planalto woodcreeperliendrocolaptes platyrostris), in primary and secondary Atlantic forests in the
northern province of Misiones, Argentina. Nestling mass and ectoparasite load per nestling reached maxima when
nestlings (h= 50) were between 10 and 14 d old. General linear mixed models predicted that mass at Redging declined
with increasing nestling parasite load, suggesting that botRies had a negative inBuence on Redging condition. Parasite
load per nestling declined with increasing brood size indicating that woodcreepers that increase their reproductive
output minimize the negative effects of parasitism. Overall we found evidence to support the tolerance via reproductive
compensation hypothesis. Future tests of the reproductive compensation hypothesis may help determine the underlying
mechanism of the observed negative correlation between parasite load of nestlings and brood size.

Key WordsAtlantic forest, botRies, coevolution, ectoparasitism, life-history strategies, nestling development rates,
Philornis, reproduction, reproductive compensation

INTRODUCTION parasitism (Simms & Triplett 1994). Resistance oftenleads
to antagonistic coevolution of hosts and parasites, where
adaptations in one species are countered by adaptations
in the other (e.g. Red Queen dynamics; Woolhouse
et al. 2002). Hostbparasite relationships are traditionally
'described as arising from resistance, however recent
evidence suggests that some hosts have evolved tolerance

Many ectoparasitic insects feed on bird nestlings
and require a developmental stage in the sheltered
environmentof nestmaterial (Marshall 1981). Mosthosts
face negative reproductive consequences of parasitism
such as reduced growth rate, mass and survival of

nestlings (Brown & Brown 1986, M¢ llefet al. 1990, 2009; strategies (Keger 2007, Raberget al. 2007). Tolerance

OOBrien & Dawson 2008). As a result, there is selective, e icts a more stable evolutionary state because the
pressure on hosts to evolve behavioural, physiological host qoes not directly inRuence the number of parasites,

and immunological adaptations that reduce the negative ;4 thus does not induce a counter response by the
effects of parasitism (Heelt al. 1998, M¢ller & Erritzee  hapasitic species (Svensson &Berg 2010). Reproductive
1996). compensation is one example of tolerance, whereby

Hosts may either adopt strategies to reduce the levels g o4y ctive outputisincreased in response to parasitism,
of parasitism, resisting the negative effects, or tolerate which may either increase the likelihood that some

parasitism by minimizing the btness costs associated with offspring express more parasite-resistant phenotypes, or
dilute the number of parasites per offspring across a
brood (Gowaty 2008, Richner & Heeb 1995, Svensson
1 Corresponding author. Email: arnorris@interchange.ubc.ca & Raéberg 2010). Svensson & Bberg (2010) proposed
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that a larger clutch size can be demonstrated as an
evolved defence (tolerance) if chicks in larger broods
are less affected by parasitism than chicks in smaller -
broods. ..

Little is known about hostbparasite interactions in -
tropical cavity-nesting birds. Tropical hosts often exhibit
greater immunological responses to parasites, and \
suffer higher parasite-induced nestling mortality than
temperate species (M¢ller 1998, M¢lleet al. 2009),
suggesting that parasitism is an important mechanism
shaping the evolution of life-history traits in tropical birds.
DarwinOs bnches in the Galapagos Islands experience
high parasite-induced nestling mortality by the recently
introduced Philornis downsii; however nestling parasite
load was reduced in larger clutches (Dudanieet al.
2007, Fessl & Tebbich 2002), providing evidence for
reproductive compensation in tropical hosts. In a review
of 117 temperate and tropical studies, cavity-nesting Number of parasites
hosts had low parasite-induced n,eStlmg mortality, even Figure 1.The resistance and tolerance hypotheses predict that some
though parasite prevalence was high (M¢ lledt al. 2009),  ingividuals of a host species will express anti-parasite phenotypes
indicating that either parasitism is not an important (dashed lines), leading to higher btness than host individuals not
determinant of life-history traits in cavity-nesters, or expressing the phenotypes (solid lines). The resistance hypothesis (a)
that the btness impacts of parasitism are minimized predicts that par.ents with anti-parasite pheqotypgs will increase their
via tolerance. It remains unclear whether reproductive I’ITtness b)_/ reducing t‘he number of paras_ltes in their nest. Thetolerar_lce

- . . ypothesis (b) predicts that parents will not reduce overall parasite

compensation would be an advantageous anti-parasite |oad; but will increase their btness by minimizing the negative effects
strategy for tropical cavity-nesters. of parasites. For planalto woodcreepers, we predicted that if nestling

Here, we examine how ectoparasitism by Rhilornis growth rates or Redging condition were negatively correlated with
botBy inRBuences nestlings of a tropical cavity- the number of Philornis botRies per nestling, then we predicted that

h . ) parents expressing anti-parasite phenotypes would achieve higher
nesting passerine, planalto woodcreepeDénd; ocolaptes btness by either resisting or tolerating the parasites. Under the resistance

platyrostris). hypothesis, parents exhibiting resistant phenotypes would minimize the
Our objectives were to determine (1) nestling number of parasites per nest. Under the tolerance hypothesis, parents
development rates, (2) the extent of ectoparasitism by exhibiting tolerant phenotypes could reduce infestation per nestling by
Philornis on nestlings, (3) whether Philornis botRies laying [arger clutches, and diluting the effects of parasitism. Adapted
had a negative impact on survival and condition of o™ RaPergetal (2007).
nestlings, and (4) how per-nestlingPhilornis abundance
and nestling body condition varied with nestling
age, and brood size, for the planalto woodcreeper
(Figure 1).

(a) Resistance

Host fitness

(b) Tolerance

comprises a mosaic landscape of small farms, remnant
forest and tree plantations, and forest classibed as mixed
forest with Nectandra and Ocotea spp., Balfourodendron
METHODS riedelianum and Araucaria angustifolia (Cabrera 1976).
Mean annual rainfall is 1200 to 2400 mm, with
precipitation distributed evenly throughout the year. We
collected data atthese sites during three breeding seasons,
September to January 2006 and 2007, and Septemberb
December 2008.

Study area

The study was conducted in two provincial parks and two
farms in the Sierra Central Highlands region, Misiones,
Argentina. The area included mature, primary forest,
selectively logged, and secondary Atlantic forest, in
Parque Provincial de la Araucaria (2638"S, 54 07"W,  Study species

92 ha of secondary and selectively logged forest), Parque

Provincial Cruce Caballero (2631%5, 53'58"W, 400 ha  The planalto woodcreeper is a forest-dependent obligate
mature forest), and Tobuna (2628"S, 53 53"V, onefarm  secondary cavity-nester (relying on existing tree cavities
comprised secondary and selectively logged forest andfor nesting), that is found in humid forests from
the other farm comprised highly fragmented selectively north-eastern Brazil to northern Argentina and eastern
logged forest), Department of San Pedro. This regionParaguay (Marantzet al. 2003, Skutch 1969, 1981). Itis
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one of the two most abundant woodcreepers in our study
area (Bodratiet al., in press). Planalto woodcreepers lay ’
2Db4 eggs on a bed of bark Rakes, both parents incubate®
for 14D16 d, and chicks Redge 14D18 d after hatching
(Cockle & Bodrati 2009). In our study, most woodcreeper
nestlings were infested withPhilornis botRies (Diptera:
Muscidae:Philornis spp.); other ectoparasites were rare
(Cockle & Bodrati 2009).

Philornis comprises approximately 50 species of
botRy, which are distributed throughout the neotropical
region, parasitizing over 133 bird species (Di lorio & |
Turienzo 2009, Dodge 1955, Dudaniec & Kleindorfer
2006). Larvae of most species (82%) aPhilornis feed
subcutaneously on serous Buids, tissue debris and blood|
of the host for 597 d upon which they exit the nestling &
and pupate at the bottom of the nest for 14 d (Arendt Figure 2. Philornis sp. parasites in subcutaneous layer of a
1985, DOdge 1971, Fesskt al. 2006)' Thus, Philornis planalto woodcreeper nestling at Araucaria Provincial Park, Misiones,
larvae can only pupate in nest material if they emerge Argentina. Photo: N. D. Fara.
from nestlings before the nestlings Redge. Up to bve
different Philornis females may lay eggs in a single nest,
producing multiple cohorts of larvae throughout the Statistical analyses
nestling period (Arendt 1985, Dudaniecet al. 2010,

Young 1993). Nestlings are susceptible to parasitism To determine whether chick growth was inf3uenced by
by Philornis for the duration of the nestling period, and botRy infestation, we constructed general linear mixed-
the number of botfies often increases with nestling age effects models. We used the natural logarithm of nestling
(Arendt 1985) but declines with age beyond 9 d in the mass to account for the log-linear growth rate. The
house wren (Troglodytes aedon; Young 1993). Philornis  response variable was mass, and bxed effects were chick
larvae canreduce the body mass and condition, and cause age, squared and cubic transformations of chick age,
up to 62% mortality in nestlings (Dudaniec & Kleindorfer number of botf3ies, number of chicks in the nest (brood
2006). size), and an interaction term of chick age and number

of botRies. To avoid spurious correlations due to multiple

measurements of chicks and multiple nests within sites,

we partitioned this variation in a nested random term of
Nest monitoring and chick measurements chick identity within nest identity.

OFledging measurementsO were the last measurements

We erected nest boxes 5D9 m high on trees, fromtaken 0D2 d before successful chicks were presumed to
September 2006 to July 2007. We found nests and Redge (i.e. measurements at 14D18 d old). To test the
followed their fate by checking all boxes with a pole- hypothesis that botRies inRuenced Redging condition, we
mounted video camera every 1D3 wk. Between 2006 used a principal components analysis of 3edging mass,
and 2008, we found 18 nests that hatched chicks (13 wing chord and tail length, and regressed the collapsed
nests found during the laying and incubation periods). variables (the main principal components) against the
We recorded their hatch date, colour-marked nestlings number of botf3ies in a mixed-effects model. Since Redging
individually, and collected morphometrics of 50 chicks conditionis correlated with nestling age, and we observed
every 2b4 d for the duration of the nestling period. When variation in 3edging age (14DB18 d old) across sites
chicks reached approximately 14 d old, we covered the (Cockle & Bodrati 2009), we modelled age and site as
cavity entrance while climbing to and from the nest (6B random effects. To test the resistance hypothesis that
10 min), to prevent early Redging, and removed the cover woodcreepers exhibit resistant phenotypes to minimize
when all chicks were returned to the cavity and the the parasite load per nestling in their nests, we used
climbing equipment was removed from the tree. At each a main-effect mixed model to regress the number of
visit, we recorded mass (g), humber of botfies (apparentbotf3ies per nestling against nesting pairs (nest identity).
by subcutaneous cysts; Figure 2), wing chord (mm) and Since the adults were not colour-marked, we could not
length of centre retrix of all nestlings. Since some botRies determine whether the same pairs used multiple boxes
were not detected if they were embedded under others, within sites, nor the same boxes across years, so we nested
the number of larvae was a minimum measure of botBy the random effects of site with year to account for any
infestation per chick. potential spatial and temporal autocorrelation. To test
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the tolerance hypothesis (reproductive compensation)
thatwoodcreepers experience reduced per capitanegative __
effects of parasitism in larger broods, we regressed 2
the number of bot3ies against brood size in a mixed-
effects model, with site and nest identity as random
effects. We nested the random effects of nest identity
within site to account for correlation due to repeated
measurements within nests and sites, and to account for
any autocorrelation of nests due to woodcreeper pairs
using the same nest boxes across years.

We used restricted maximum likelihood to calculate
parameter estimates and associated standard errors for
each bxed effect, with the package nlme in program R
(Version 2.10.1, www.r-project.org; lhaka & Gentleman
1996, Pinheiro & Bates 2000). We examined residual
plots to ensure that variance was homoscedastic and that
allmodels btted the data (Pinheiro & Bates 2000). All data
analyses were conducted in program R (Version 2.10.1,
www.r-project.org; lhaka & Gentleman 1996).

Body mass

No. botflies per chick
N
o
|
[e]e]

@ oocogm® [,/ O

RESULTS Chick age (d)

Of all the nests in which chicks hatched between 2006 Figure 3. Body mass (a) and ectoparasite loadBhilornis botRies (b) of 50
and 2008, planalto woodcreeper pairs Redged a meas ( _planaltg Woodgreeper nestlings m_eas_ured betwee_n hatch datg (0d)and
SD)of 3.0+ 1.2 chicks per nestand all chicks Bedged in 12 mmediately prior (0b2 d) to Bedging in 13 nests, in the Atlantic forest,

. . Misiones, Argentina, 2006 to 2008. The coefpcients of determination for
of 13 n.ests inthe primary and ;econdary forest parks. On o1 of the quadratic models (solid inesy = ! o+ ! qge” + ! gpe2” 2 +
farm sites, one of which contained the most fragmented | 1ge3" 2, are given. The number of botBies increased with age up to 10d
forest of all the sites, adults Redged about half as many g (8g¢ 0p10= 1.64 + 0.130 SE, P< 0.01), then declined beyond 10 d
chicks per nest, with only two of Pve nests RBedging all (8.ge10918=$ 0.714 + 0.255 SE, P< 0.01), as predicted by the linear
chicks that hatched (Table 1). On all sites between 2007 models,y=! o+ ! age" (dashed lines).
and 2008, 33 of 50 nestlings survived to Redging, only
one of whichwas notinfested with botRies for the duration Nestling growth, Redging condition and botRies
of the nestling stage. Of the 17 chicks that died before or
during Redging, 13 disappeared from the nest, three were Nestling mass and number of botRies increased
found dead in the nest, and one was found dead near the concordantly with age, reaching maxima around 10 to
nest. Only two nest failures were attributed tcPhilornis 14 d old, then declined (Figure 3). Only two chicks in
parasitism, one in each of 2007 and 2008 (Cockle & two nests Redged earlier than the rest of their broods,
Bodrati 2009). In 2008, three of four chicks in anestin  suggesting that the decline in mass immediately prior
primary forestwere found dead in the nestonthe day they to Redging was not due to larger chicks Redging earlier
should have [Redged, apparently as aresult of heavy para-than smaller chicks in a brood. Chick age explained
sitism; the fourth chick was found dead within 10 mofthe  approximately 95% of the variation in body mass, but
nest, the following day. Inthis heavily parasitized nest, the only 37% ofthe variation in ectoparasite load per nestling.
prst chick to die was blind because botfies had consumedOf the chicks that survived to Redging (33 of 50 measured
its eyes. Each dead chick contained 25 to Sfhilornislar-  at 14D18 d old), Bedging mass, wing chord and tail
vae, and the parents left food on top of the dead chicks. length collapsed into two principal components: the brst

Table 1Summary of botRy infestation rates, age and condition at Redging, and Redging success of planalto
woodcreeper nestlings immediately prior (0B2 d) to Redging, of all nests found that hatched chicks in nest-
boxes at two parks and two farms in the Atlantic forest, Misiones, Argentina, 2006 to 2008. Mea# SD is
given for each forest and site type.

No. botRies Age at Fledging No. Bedged No.
Forest type Site per nestling Redge (d) mass (g) Brood size per nest nests
Primary Park 14+ 6 16+ 2 69.7 + 3.8 3.6+ 05 28+ 19 4
Secondary Park * 7 15+ 1 66.7 £ 7.6 35+ 05 3.1+ 0.8 9

Secondary Farm 14+ 8 15+ 2 700+ 5.1 25+ 05 16+ 15 5
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Table 2Major hypotheses tested using a series of linear mixed-effects models that examined correlations
among: Chick mass (M), Chick age (A), Number of botRies (B), Brood size (BS), Chick identity (Cl), Nest
identity (NI), Fledging mass (FM), Wing chord (W), Tail length (T), Site (S) and Year (Y), across 50 nestlings
and 30 to 33 nestlings immediately prior (0B2 d) to Redging (N), in 13 nests, at four sites in Misiones,
Argentina, 2006 to 2008. For the Resistance model, the slope is given for the only nest (at Araucaria
Provincial Park in 2008; 08PPA7) to comprise chicks with signibcantly different (higher) numbers of

botfies than the other nests.

Data
support
Hypothesis Model Slope SE of bxed effects N hypothesis?
ParasitesinBuence  In(M) %A + B+ BS 16,= 0.234 + 0.00545 230 No
nestling + A&B|random 16; = 0.0123 + 0.00475
development error (Cl+ NI) 10,65 =% 0.00145 +
0.000434
ParasitesinBuence FM, W, T%B| 16; =$ 0.0588 + 0.0266 30 Yes
Redging random error (A+ S)
condition
Resistance BoNI | random 1Qgppa7 = 16.7 + 6.83 33 No
error (S+Y)
Tolerance B% BS| random error 16,3=% 6.56 + 2.27 33 Yes
(S+ NI)
o5 T —_ DISCUSSION
3 | o _
£ 20 - ' This is the brst study to report nestling growth
5 measurements for planalto woodcreepers, and the
o 15 1 brst to examine the inlBuence of ectoparasites on
é 10 4 B their reproduction. Number of botRies was negatively
8 ; ; i correlated with RBedging mass but chicks in larger
s 54 T i broods had fewer botf3ies, supporting the idea that larger
< broods dilute the effects of parasitism by spreading the
0 - : | — parasites over a greater number of nestlings. Parents
2 3 4 that maintained larger broods could tolerate parasitism

No. chicks in brood

Figure 4Median number ofPhilornis botRies per planalto woodcreeper
immediately prior (0B2 d) to Bedging (horizontal lines) declines with
increasing brood size, as predicted by the linear mixed-effects moded, y
31.4D 6.56x+ #estiD /sitein 33 nestlings across four sites and 11 nests,
in the Atlantic forest, Misiones, Argentina, 2006 to 2008. Boxes show
the 25™ and 75t percentiles of data, and whiskers show the maximum
and minimum number of botRRies detected on nestlings in each brood
size.

was strongly positively correlated with Bedging mass and
explained 66% of the total variation, and the second was
strongly positively correlated with wing chord and tail

by reducing the number of parasites per nestling. The
negative correlation between ectoparasite load and brood
size may have been inBuenced by differences in habitat
guality suchthatadults in the parks could maintain larger
broods and better quality nestlings compared with those
in farms. However, we caution that these correlational
results arose from a small sample size, thus additional
study is necessary to conbrm implications of our Pndings.

Nestling growth and botRies

The number of botRies per nestling reached a maximum

length and explained 31% of the total variation. The when chicks were 10 d old, then declined as chicks
Prst principal component (3edging mass) declined with approached Redging (Figure 3b). Woodcreeper chicks
increasing number of botRies, but the second component can Redge as early as 14 d after hatching, so newly
(wing chord and tail length) was not signibcantly established parasites, which require 597 d of feeding on
correlated with number of botf3ies, indicating aninlRuence the nestling, have a reduced chance of pupation in the
on nestling condition but not size (Table 2). Only one sheltered nest cavity when parasitizing chicks older than
nest comprised chicks with higher numbers of botRies per 10 d, and would risk not bnding a suitable substrate for
nestling compared to other nests, indicating that pairs did pupating. Furthermore, chicks typically approach their
not exhibit resistant phenotypes to reduce the number of maximum size between days 10 and 14, limiting optimal
parasites. However, the number of botBies per nestling host space available to newPhilornis recruits. Thus, it
decreased with increasing brood size (Figure 4). is advantageous forPhilornis to parasitize younger and
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smaller chicks in which more time and space are available years (Cockle & Bodrati 2009, this study), suggesting that
for larval development. Philornis was a predictable cost to planalto woodcreepers.
The result that the growth rate of nestlings was not Our result that the costs of parasitism were reduced in
correlated with the number of botRies suggests that larger broods suggests that reproductive compensation
parasitism did not inBuence the development of nestlings would be an effective anti-parasite reproductive
(Table 2). The negligible effects of parasitism on nestling strategy.
development are often attributed to compensation by  The high prevalence of ectoparasites that we observed
parents, usually by increasing the frequency of feeding (nearly 100%) was comparable to other studies of hosts
bouts or improving the quality of food delivered infested by Philornis botRies (Dudaniec & Kleindorfer
throughout the nestling stage (M¢lleret al. 1990, Saino 2006, Dudaniecet al. 2007). Yet, we observed relatively
etal. 1999, Tripet & Richner 1997, Wesolowski2001).In  low parasite-induced nestling mortality §68% of all
our study, woodcreeper parents increased their frequency nestlings; Cockle & Bodrati 2009, this study). This is
of feeding bouts with nestling age up to 13 d then the consistent with the Pnding that cavity-nesting species
number of bouts declined immediately prior to Redging sufferlower nestling mortality when compared with open-
(Cockle & Bodrati 2009, Norris unpubl. data). As the cup nesters, but inconsistent with the general trend
feeding bouts seemed to match the accumulation of of high parasite-induced nestling mortality in tropical
mass and number of botf3ies with age, we suspect that species (M¢ lleet al. 2009). Svensson & Rberg (2010)
parents could compensate for the mass lost to botf3ies.suggest that Ptness costs of parasitism can be minimized
The decline in feeding bouts near Bedging may have despite high prevalence, if species have adapted strategies
released this buffer from parasitism, contributing to the to tolerate parasites. We suggest that our Pnding of
negative correlation of Bedging mass with number of low nestling mortality despite high prevalence of botRBy
botR3ies. Furthermore, brood sizes were largest in thelarvae may be attributed to tolerance of parasites by
most intact forest parks, suggesting that woodcreepers woodcreepers (M¢ llegt al. 2009).
may have been able to better compensate for parasitism
in the more pristine habitats (Table 1). However, an
effective test of the parental compensation hypothesis Resistance versus tolerance
would require comparing nestling development rates
and parental feeding behaviours between infested and Under the resistance hypothesis, disparity in the number
uninfested nests. In our study, we observed only one of parasites is attributed to parents with resistant
nestling that avoided parasitism. Further experimental phenotypes minimizing the number of parasites and
evidence, such as a parasite removal study, is requiredexperiencing higher btness (Svensson &iBerg 2010).
to determine whether the observed negligible effects of Our result that the number of parasites per nestling did
Philornis ectoparasites on nestling development can be not vary across nesting pairs, besides one nest that had
attributed to parental compensation. a higher parasite load than the others, suggests that
the range in parasite loads per nestling was comparable
across nests, and that parents did not resist parasites
Fledging condition and botfRies (Figure 1). Furthermore, if nestlings in larger broods were
more immune to parasites, then we would have found
Mass at Redging is an important and well-known a negative correlation between parasite load per nest
determinant of juvenile survival, and subsequently and brood size, and this was not the case {R= 0.16,
btness, in birds (Lindn et al. 1992). The negative df= 9, P = 0.22). However, we are reluctant to reject
correlation of number of botRies with Redging mass the resistance hypothesis because our small sample size
in planalto woodcreepers supports the suggestion that may have resulted in little power to detect differences in
parasitism represents a btness challenge to woodcreeperparasite loads across nests.
and plays an important role in the life-history evolution If pathogens evolve faster than hosts, then tolerance
of these tropical hosts. If pathogens or parasites areis an ideal strategy for hosts because it does not induce
predictable costs, then host species should increase theira counter-response in parasites (Gowaty 2008). In
fecundity to either dilute the negative effects of parasites our study, an increase in brood size in response to
across a larger brood, or increase the likelihood of number of parasites did not negatively inBuence the
resistance alleles appearing in their progeny (Gowaty overall abundance of parasites in nests. The negative
2008, Richner & Heeb 1995). Thus successive parasitism correlation between parasite load per nestling and
events should increase the predictability of perceived risk brood size indicates that parents may have adjusted
of parasites, and inBuence the reproductive decisions oftheir reproductive output to increase fecundity while
hosts in subsequent years (OOBrien & Dawson 2005)minimizing the costs of parasitism, supporting the
BotRies were the dominant nestling ectoparasite in three hypothesis of tolerance by reproductive compensation.
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It is important to note, however, that both resistance DIIORIO, 0. & TURIENZO, P. 2009. Insects found in birdsO nests from

and tolerance alleles may be present in populations, thus  the Neotropical Region (except Argentina) and immigrant species of

these anti-parasite strategies may not be mutually  Neotropical origin in the Nearctic RegionZootaxa 2187:1D144.

exclusive (Svensson & @iberg 2010). Future empirical DODGE, H. R. 1955. New muscid Ries from Florida and the West Indies

tests of the reproductive compensation model may help  (Diptera: Muscidae)Florida Entomologist 38:147D151.

disentangle these hypotheses and elucidate a mechanismbODGE, H. R. 1971. Revisional studies of Ries of the gemglornis

by which woodcreepers tolerate parasitism. Meinert (Diptera, Muscidae)Studia Entomologica 14;458D459.
DUDANIEC, R. Y. & KLEINDORFER, S. 2006. Effects of the parasitic Bies

of the genusPhilornis (Diptera: Muscidae) on birdsZmu 106;13D20.
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A-=1<l@%!+:@<! @3! D<-1<+$-1;98! <,:@<,! $,!-$8=:$>%1$! <! $,$1.! $,! 344’1 G! 344T)! G! @$!
A9$B.-)!.1735!D.-!:>8<B=.-l @$D!8<1<-:=:->.! -$8=:$>%1%$!<!@:B:$>%1%$!$,!344M6!
S>> <@ +:<1=.D$1<,B:<6! YZ,!, .1 $-! !
BD<1 I-:1D<!B.>8%,-<B:l,!11$81.@9B=:+<!-$1S<! !
%%$,$C:B: <! 8<1<! D<-! <+$-! =1.8:B<D$-! ;98! #-2*30*-1,*1*-/01 !
<, @<,!'$,'A9$B.-)! B.>.! $-=1<=[2:<! B.,=1<! !
D.-18?1<-:=.-b WD! =1$8<@.1! .-B91.! $-! 9,! <@.8=<@.1!
Y;9S! PH<>: <> - BI>.! $D! 2%D:2<@.! @%! A9%$B.-! 7@$8%,@%! @$! A9$B.-!
$B=.8<1<-:=->.1@%$!9,<191&Y(%)*+(!<C$B=<!  $H:-=$,=%-! $,! ?1%.D$-! 8<i<! <, @<15)!
<ID.-18:BA.,$-'@%$'9¢+$=1.8:B<D!;9%!<,;:@<! @%$8%,@:%,=%' @%! D<! -$D+<6! *$! $,B9%$,=1<! $,!
$,! A9$B.-)! $D! =138<@.1l! .-B91l.! %.-; 9%-! AZ>$@.-! @$-BDSD! ,.1$-=%! @3$!
7+-¥)0)%$1"1, #1%3$"2*),"*(586! d1<-:D'A<-=<!$D!,.1=$! @$!D<!Y12$,=: <! G!$-=$!
\9$-=1.-1 .%X$=:+.-1 C9%$1.,! @$=%$1>:,<1! @3$! F<1<29<G! 7TK<1<I%9%$% 344])! *e9=BA!
78&5=<!@%$!B1$B:>:$,=.!@%$!D.-!8:BA.,$-)!735! & ")I&M&56!W-19,.!@$!D.-1=1$8<@.1$-!>?-!
B<,=:@<@'@%$!8<1<-:=:->&@8)*+(!$,!D.-! <%9,@<,=%-! $,! ,9%-=1.! ?1%<! @$! $-=9@:.!
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"HSU&'()! " $%b +,- K /$0! (&12'%6$&10!  "HSW&H(#! (I $%)H + ,()%)-* )(!
$034&$0! 2$51567! 8419$0! 15! 45!:138$! %61!  .%6/0HS(* !

2196'3)($0! %1! 3$&(L;'=<! :$0! %$0! 2'%&10! !
)534>'51%4&'5(1!-7621%@'0<!=!:$0!2)38$510! ~40)H$0! 3'Z'0! %1! '59%'3)S5! "I FF! H! %1!
941:'51 -7 6A! %@'0! %1024B0! %1! 13:$0)$5'&!":(4&"1 15! N&>$:10<! %1! 012()1H>&1! +, 2! !
"C$3D:1! E! #$%&'()! +,F.* G5! 5410(&$!  Z4)$! +,,[*! G53$5(&HS0! =! H$5)($&1'HSO!
10(4%)$<!TH'=$&@"1%1!:$0!2)38$510!10('>'5! 5)%$0! 381Q41'5%$! :'0! 3'Z'0! 3'%'6J!
)5110('%$0! 2$&! 4&'08'(%)*+(! "J)2(1&K!  O01H'5'0!3$5!45121Q41b"13NH'&'1%119)%1$!
L403)%'1K! &'(%)*+(1  022%M!  $(&$0! H$5(%'! 15! 45! 2$0(1* G5(&1! +,,?! =! +, Al
13($2'&N0)($0! 1&'5! &'&$0!"C$3D: 11 EI#$%&'()! 153$5(& H$0!-A! 5)%$0! %6$5%1! 13:$0)$5'&$5!

+,F.* 1 :$01 8419$0! "-U! 5)%$0! 141&$5! 153$5(8&'%$0!
&'(%)*+(! )53:4=1! '2&$0)H'%'H15(1! P,! %4&'5(1! 'l 2410(1 %1! 841930! $! :!
10213)10! %1! 4&'0<! Q41! 10(N5! %)0(&)>4)%'B34>'3)S5.4 c1R)0(&H$0! ! 11381 %!

'H2:YH15(1! 15! :'1 &1R)S5! T1$(&$2)3 <!  13:$0)S5<! H'&3'H$0! :$0! 2)38$510! 3$5!
2'8'0)('5%$!"THN0!%1!-UU!10213)10!%1!'910!  3$:$&10! )5%)9)%4":10<! =! 3$:13('H$0! %'($0!
"J)! VS$&)BE! W4&)15:$! +, F<! J$%R1! -FPP<! H$&ISHB(&)3$0! %1! P,! 2)38$510! 3'%67H+
JA%'5)13! E! X:1)5%$&I1&! +,,2.41 /01 '&9'0!  %@'0!%4&'5(1!:"1%48&'3)S5!%1! 21%11:$0

%1l 'l H'=$&@'"! %1! :'0! 10213)10! "A+Y.! %1! 2)38$51015! 1:! 5)%%$ C4'5%$! :$0! 2)38$510!

& (%)*+(! 01! )H15(5! %1! 1:4)%$0! 01&$0<! :1R'&$5!' d-7! %@'0! %1! 9)%'<! 34>&)H$0! !
%1>&)01%1!(12)%$<!=!0'5R&1<!1%1>'Z$!%1!:"1 DA(&'%'! %1:! 8413$! H)15(&'0! 04>)HS$O! 1:!
0%1:1 8$021% '%$&! %4& SAIR@'0<! %1024B0! N&>$:! "8,! H)54($0.! 2'&'1 19)('& ! Q41 :$0!

%1 :$0! 34:10' 1HERLS5! %1:! 2)38S5! = 2)38$510 09)1&'5! 2&1H'(4&H15(1! %1:!
1H242'5! 15! 1:11$5%%$! %1:! 5)%$! %4&'5(1!-7!  5)%%! =! &1H$I)HSO! ' 3$>1&(4&'! 34'5%S!
%@'01"\&15%(!I-FAP<IJ$%R1!-F[-<!/|1&G%  ($%$0!:$@)38$510!10('>'5!5419'H15(1!15!
+,2.41 7$&1:$! (5($<:'0!:'&9'0! % 1R (%6)*+(! 1:15)%$!=!:$0! 1Q4)2$0! %1! 103''%'0! 10('>'5!
0$:$! 241%15! 1H242'&! %15(&$! %1 H'(1&)":!  "1Z'%$0! %1 N&>$:*I G5! 3'%'! 9)0)(!
%1:15)%$! 0)! IH1&R15! %1!:$0! 2)38$510! '5(10&1R)0(&'H$0! 210$! "R.<! 5aH1&$! %1! 4&'0!
%1! Q4TO0($094115! %1:15)%$* '0('13)538!  "2'&15(1012$&!:$0!Q4)0(10!%1>'Z$1%1!:'12)1:M!
81H>&'0! %)I1&15(10! 9@L(%)*+(! 241%15!  ])RA&!T+.<!'&R$!I%1:!"'1"HH.!=!'&RS$! %!
2$51&! 8419$0! 15! 45! H)OH$! 5)%$<! &BEP 315(&:! %1! ‘B! 2)38$5* CHHS$!
28$%43)15%$! ('5%'0! H4:()2:10! %1! '&9'0!"!  “R45'0! 4&'0! 53! 141&$5! %1(13('%'0! 0)!
$1'&R$1%1:121& @$%$! %11 21&H'5153)'1%11:$A0(>'5! %1>'Z$! %1! $(&'0<! 1:! 5aH1&$! %1!
2)38$510! 15! 1:I 5)%$! "&15%(! -FAP<! :&9'0! 1&'! 451 H1%)%'! H@5)H' %1! :'
JA%'5)13! 1"# $%o+-.<! “$45R! -FFU.*! /$0! )5110('3)S5!%114&'012$&12)3885*!
2)389510!0$5!040312()>:10!"12'&'0)()OH$!%1! !

&'(%)*+(I %4&'5(1! ($%$! 1! 21&@$%$! %1l

21&H'5153)' 15! :$0! 5)%$0<! =1 1:! 5aH1&$! %1! 1$23%*%6*!(*&-)A*&Yo/

4&'0! H438'0! 9131001 )53&1H15('! 3$5! :'l !

1%'%! %1! :$0! 2)38$510! "\&15%(! -FAP.! 21&$! e1&!:'191&0)S5!$&)R)5":!15!)5R:BO*
06)0H)54=1! 3$5!:'1 1%6'%! :41R$! %1!:$0! F! %@'Q!

15! ' &'($5' 3$Ha5 ! ".¥)/%)01" # $10)+ M!I |

"$45R! -FFU.* '8&9'0! %1&'(%)*+(1 241%15!  56789:1;<7 !

&1%43)&! 1:! 210$! =! :'l 3$5%)3)S5! %1! :$0!

2)38$510<! =! 3'401&8'0('! 1:! ?+Y ! ! J11($%$0!:$0!5)%$0! HEIE34':10!:$0!8419%0!

H$&(')% %! %1! :$0! 2)38$510! "J4%'5)13! E!  13:$0)$5'&$5! 15(&1! +,,?! =1+, A<I U<, fl -<+]

X:1)5%$&I1&!+,,21* "2&$H1%)$! I %19)'3)S5!  10('5%'&%.!

! 2)38$510! 9$:'&$5! 2$&! 5)%$*! W$%S$0! :$0!
! 2)38$510!9$:'&$5! 15! -+19%11:$0! -U! 5)%$0! 15!
$01%$0! 2'&Q410* G5! :'0! 38'3&'0<!145'1%1!:'0!
34:10! 3$5(15@" ;' 01:9' HNO! I&'RH196'!
%11 ($%$0!:$0! 0)()$0<! dP,Y! H15$0! 2)38$510!
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"HBY&H () *%0(%0! +(#, -1 HBH# ) (#.1 () $#.
gL () HE) SHD 0+ LH).) "HS%&H']
23%A4$%! 567! 81 [#(#.) $#.1 +/+#.1)/&)19:5;1 -]
9::<,! ==1 () >:1 O+*1#).! #4A&)"+"+)&H']
1%./%! "#$%&T! 24#$#! @'# () )$$#.! #! [)'A%!
+B@'U @&%7! C)! $#.! 51 0+*1#).! D@)!
E@&+)&H#'! %').! # (@&%'))! .@' .%$+(%! ()$!
H(#,! 5= ().9%0%8&)*H)&H#F! O$! +(#,! /&).!
F@)&#'" )*#'1&%(#.! E@)&/#.! ()'/&#! ()$!
H(#,! - @'# F@)!)*#/&%(#! E@)&/H! ¥)&*%!
OS!+HTI28$#! (1.1 F&Y* % 4.1 () '+(#.| F@) &'
%0/&+A@+(#.1 %! 0%&Y%. +/+EEHBIE H(@'H!
)19:512GH#HS) ! I#(&%/+!19::K6! -1 @'#!)'!
9::<718'19::<,1/&).1 ()| $#.1* @Yo/ & 0+*1#).1

YL @' +(#! )1 )$"%! 0&+E%&+%! F@)&#'!
)*#1&%(#.|E@)&/#.1))$! '+(#)$! (A%! D@)!
04)&A%'11%4)&! "#$%(#7!L0%&)'E)' ) F@)!
)$!&).@$/%(#! () 0%&Y%. +/+. E4T S8 #(7! 83!

25 T —
~ 1
@]
< 20 -
]
g 15
n
Q
L'-oS']O— ‘ .
o] ! E
E -
0 - .
1 T I
2 3 4

No. chicks in brood

6+7%&"SLIGHE) (+#1()I'PE)&#! ()! @&%.!0#&! 0+*1)
2[#71 4#IF$+).10)& *1+*HB! +'E) (+%/%E) /)1 %'/).| D!
(6! () "#$%&! (%! +(#! 2$AN%.! 1H&+\H/%S

*@%&/#I O+*1M"! F@)l )'*#I/&%(#I E@)&/#I %$!(+.E+'@-)! #1 @' %@E)'/#! )-! )$| /%E%]#! 0| $%

+B@+))! (A%,! %! 5: 1 E! ()$!"+(#7!8').)!"+(#!

H(%(%! 2[HTI*14+¥H. 1 +'1 A&##(61)' ==] GB#').1)'1 S

)$!0&+E)&!0+*IMBBHE+&!)&Y0!*+)BH O#&D@)! +/+#.1 -1 55! +(#.1)' $%! )$"%! LISQ'/+*%,! Z+.+#'
$%.! @&%.! $)! 1%4A%'! *HE+(#! $#.] #N#.7! GUHER)/+%.19:X @:<7!!

0+*1M'l E@)&/#! *#1)'A%! 98! $%&"%.! ()!
"HS%&H] -! $#.! 0%(&).] IN%A%'! *HE+(%!
%6&+A4%!()I$#.10+*1#).|[E@)&/4.7

!

80
60 —
40

Body mass (g)

No. botflies per chick

Chick age (d)

6+7%&"$89.#1 20%66!-1*06&B%! ()! @&%.1246!")&.@
2G1+*H! %B)6! 0%&%! >:1 0+*1#).! ()! /&)0%(#&! #.
Y1 5=! +E#! )1 $%! )$"%! LISQ/+%,! Z+.+#).,
L&B)'/+'%,! 9:X @::<7! CU%E#.! $%.! *#)F+4) ()!
ONEE+%*+M'l 0%&%! *%(%! @# ()1 $#.! E#():
D@%(&Q/+*#.! 28A)%.! .M$+(%.67! 83! 'PE)&H! (
+*&)E)/M! *#1 $%! )(%(! 1%./%! 5 (I -! $@)B
(+.E+@-M,*HE#10&) (+* L1 O#&ISH. | EH()$#.1$+) %!
2$+)%.18#/96.67

I"H$%& " H#'S()$*&(*+,+(-./SO($)/HS1+*2/-(#'S
3%)'$*/-0+*+4-$ 0($ )/#$ 1+*2/-(#$")$ 5/)"&$
00)$-+0/ $

|

8$10).#1()I$#.10+*1#).1-$I'PE) &#!()! @&%.!

D@)! /))A%'L)! +*&)E)IM! *#1 .@! )(%(,!
$$)B%'(#! %! @' EQR+E#! %$&)()(#&! (155!
(A%.-1$@)B#! (+.E+@-)' (#1 2T+B@8&%! =671 24$#!
(. O+*1#).1 )1 (1. '+(F! "HSY6&H'] %')).!

08! §./#1 ()1 .@! '+(%(%,! .@B)&+)'(# D@)! $%!
(+E+@*+M'T ()$! 0).# +E)(+%/%E)/)!

%6'/).! ()] "#$%&! ! F@)! ()4+(#! %! 0+*1#).1

EQ.I 0).%(#.! "#$%'# %Y).! D@) $#.!
0+*1#).] EQ.! $+"+06'#.7! U%! )(%(! ()! $#.!
0+*1#').] JRO$+*M! %O0&HR+E%(%E)/)! K>V!
()1$%!"%8&+%*+M'1)'10).#,10)&#! H$H/1()1$%!
"06&+%*+M'l )’ $%! *%&B%! ()! 0%&Q.+/#.! O#&
0+*1M'7!C)! $#.10+*1#).| D@)! H#4&)"+"+)&#'!
1%./%! "#$%&! 2==1 ()1 >:1 E)(+(#.!)'/&)! 5S! -!
5<I(A%.!()!"+(%6,10).#1%$!"#$%&, | $%&B#! ()| %$%
L $%&BH () *H$%! *#$%0.%6&H# ) (#.!
HEO#)'N).] 0&+*+0%3$).W! )$! 0&+E)&#!
).1%4% E@)&NE)N)! -1 O#.+/+"%E)/)!

*H&&) Y+ Vo (1 1 0).#! -1 )ROSHMI XXV! ()!

$%! "%&+%*+M'! [#%S$,! -1 )$! )B@'(#! )./%4%!
F@)&/)E)Y) ! ! O#.+/+"%E)'/)!
*H&&)SYo*+H#' Yo (H#] *H$IS%&BH! ()! %$%! -1 $%&BH!
O1*#$%, - RO$+*MI==V1 ()| $%! "%&+%*+M'| [#/%$7
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"H$%&' (%! )FSHH(+, (1 $%&+)&$H! .$(/*0!
18/ &+23-1)*+12+1-2'(+ *I(+] (#!+4'(%*! 1 (!
2%-/5! $(%*! (#! /(62+1* )*'$*+(+,(! .-#-1 7!
)*#-0! +* (%-!  /&6+&8&)-,&9-'(+,(!
)*%%(#-)&*+-1*1 )*+! (#! +4'(%*! 1(! 2%-/5!
&+1&)-+1*1 2+-1 &+8#2(+)&! 1(! 2%-/! (+! #-!
VH1&)&:+! $(%*! +*1 (#1111 #)
$&)<F+H(! =->#-1 20@! A 2+ +&1*! [ (+3-!
$&)<*+(/! )*+! ‘B! 2%-/1 )*'$-%-1*1 )*+!

* %*/! +&1*/5! &+18&)-+1*! C2(! #-/!' $-%(D-/! +*!
(E<&>3-+! 8(+*,&$*/! % (/&/,(+,(/' C2(! $*13-+!

%6(12)&%! (#! +4'(%*! 1(! 2%-/) (+! * -H@! A&+

(>-066*5! #-1 )-+,&1-11 1(! 2%-/! $*%! $&)<:+!
18/ &+23-1)*+I-2'(+ X (+1(#]  --H1(1# -
+&1-1-1.F&62%-160@

|

!

I"H$YH"&' (

|

" (1,218 (I (# $%E& (%*! (+! %($*%,-%!
(181" 1(1 )%O&'&+* 1(1 ,%($-1%%!
*)2%*5! 71 (# $%&'(%* (+! (E-'&+-%! #-I
&+8H#2(H)&! 1(! #*1 (),*$-%B/&*/! (+ /2!
06($%*12))&:+@! "#! +4'(%* 1(! 2%-/! 82(!
+(6-,&9-"(+,(1 U000 (H-)&*+-1*! Y+ (#1 $( /*1

1() 9%#-+,1+51 $(%0*1 #4/1 $&)<*+(/! (+! +&1-1-/1
TR (/) (4341 (¥ 2%-/5! -$HT-+1*1 #-!

&L(-! 1(! C2(! -T*%(/! +&1-1-/! 1&H27(+! (#!
(80),*! 1(! $-%-/&,&/™1 -#1 1(/$-%%-"-%! #*/!
$-9BI&X! (+] 2+ -THp! +4'(%*! 1(!
$&)<H+ (/@' H-1%(/'C2(!'-+,29&(%*+! +&1-1-/!
'B/I6%-+1(/1$*13-+! *#(%-%! (#! $-%6-/&, &/
! 9%(12)8%! (# +4'(%* 1(! $-%B/&*! $*%!
$&)<+@ ! I-1)* %06 (#-)&:+!+(6-,8&9-! (+,%(1)-%6-!
10 (),*$-%B/&,*1 7! -=*1 1(1 #-! +&1-1-!
$51%63-1  <->(%! [&1* &+8H#2(+)&-1-!
1&8(%(+)&-! (+! )-#&1-1! 1(! <B>&,-5! 1(!
L (%-1 C2(1 #41 -12#,%1 (+] #4/! $-%C2(/!
$*13-+1 '+, (+(%! +&1-1-/! 'B/! 6%-+1(/! 7!
$&)<H+(/1 1(1'(D*%! )-#&1-11)*'$-%6-1*1 )*+1

# C2(1 +&1->+ (+1 #/1 )<)%-/@! A&+
(>-9%6*5! (/! &$*%,-+,(1 ,(+(%! (+1 )2(+,-!

C2(! (/,*/) % (/2#,-1*" Y* %% (#-,&9%/! [-#8&(Yo*+!
10 2+1 == 1(1"2(/,%(*! $(C2(;*5! 17
(/,21&*/1-18&)&*+-#(/'( Y63+ +()(/-Y6&*/1$-%5-!
)+88%'-%! #-/l &'$#&)Y&A! 1(1 +2(/,%*/!
%(/2#,- 1%/ @

|

|

$*%)!

%)*+(,(-.(/)-/010-234(5-(.4+(60/742-+ (
|
"H+4'(%*! 1(! 2%-/! $*%)! $&)<:+! ##(6:! -1 2+!
'BE&'*! )2-+1* #*/1 $&)<*+(/! ,(+3-+! IK!
13-/5!71#2(6*1 1&/'&+27:1<-/,-1 C2(1 9*#-%*+!
F&62%-! LI0@ ! $&)<*H/! 1(! ,%($-1*%!
*)2%*1 $2(1(+! 9*#-%! -+ ,('$Yo-+*1 )**I
JG! 13-/! 1(/$2M/! 1(1 [-#&%! 1(#' <2(9*5!
(+,*+) (I $-%B/&,*/! +2(9-'(+,(!
(/,->#0&1*/5! C2(! %(C2&(%(+'®N 13-/!
-#&'(+,B+1*/(I 1(#! $&)<:+5! | &(+(+! 2+-!
$*/&>&#&1-1! %(12)&1-! 1(! ('$2$-%! (+! (#!
->&(+, (1 $%*,(6&1*! L(#! <2()*! 7! -%%&(/6-+!
+¥1 (+)*+,%-%! 2+! /2/,%-,*! -1()2-1*1 $-%-!
(‘$2$-%!/&!$-%-/&,-+!-1$&)<*+(/I'-7*%(/!-!
JK!13-/@! Q1('B/5! #*/1 $&)<*+(/! ,&$&)-'(+,(!
HH(6-+1-1/21-T*%) -'=:*1 (+ % (1#*/113-/1 K]
7! JG5! #&'&,-+1* (#! (1$-)&* :$,&™* 1(!
<2M/$(L! 1&/$*+&>#(1 - +2(9*/N"#$%& HD!
"+ *¥4)(/5! $-%-! I"#S%&# (/! 2+-! 9(+,-D-!
$-%-/&,-%! $&)<*+(/! 'B/! D*Q(+(/! (+! 1*+1(!
<71 BN &($H 7! (I$)&H $-%-1 (#!
1(/-%%* #4111 (1#-/'#-%9H @!
"H%(/2#,-11C2(1#-1 ,-/-11() % ()& &(+,*11(!
#1$&)<*+(/1 +*1(/,->-1)*%%(#-)&*+-1*1 )*+]
# +4'(%* 1(0 2%-/' [26&(%(' C2( (#
$-%-18&, &/ +*1 &+8H2T(+! (#! L(/-%o%o*#H*! 1L (
#*1$&)<*+(/!.=->#-1?20@'R2(1/(-+! $(C2(;*/!
#*1(8(),*/' L(#!$-%-/&, &/™* (+! (#! 1(/-% Yo H##*]
10 # $&)<+(! $2(1(! /(%! $*%!
VS(+-)&: AL (1HH/1$-1%(/5!$* %! (D ($H*!-#!
&+)%('(+,-%! #-18%()2(+) & L(! -#&'(+,-)&:+!
¥ #-1)- #&1-11 1(1-#&' (+, X1 ##(9-1*! . STHH(96)

, #@!JUUK5! A% 8B JUUUSI=068$(,IVIWE&)<+(%!

JUUPS! X(*¥Z/[&! ?KKJIO@! "+ +2(/,%*!
(/,218*3 #*/1 $-1%(/! 1(1,.%($-1*%(/! */)2%*/!
&H)%((+,- %%+ #!  8%(2(H&!  1(!
HE&!(+,-) &+ P+ #-1 (1-11 1( #7471 $&)<H+(/!
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Ademads, el tamafio de nidada era mas
grande en la selva intacta de los parques,
sugiriendo que los trepadores quizas
podian compensar mejor para el
parasitismo en los habitats mas intactos
(Tabla 1). Sin embargo, un test efectivo de
la hipdtesis de compensacién parental
requeriria comparar tasas de desarrollo de
los pichones y comportamientos de
alimentacién de los padres entre nidos
infestados y no-infestados. Nosotros
observamos un solo pichéon que evitd ser
parasitado. Otra evidencia experimental,
como un estudio de remocion de parasitos,
seria necesaria para determinar si se puede
atribuir a compensacion parental el hecho
de que el efecto de las uras en el
crecimiento de los pichones sea tan
minimo.
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El peso al volar es importante y bien
conocido como un determinante de
supervivencia juvenil y entonces clave para
la supervivencia de la descendencia en las
aves (Lindén !"# $%8992). La correlacién
negativa entre el numero de uras y el peso
al volar en los trepadores oscuros apoya la
sugerencia de que el parasitismo
representa un desafio en la supervivencia
de los trepadores y tendria un rol
importante en la evolucién de la historia de
vida de estos hospedadores tropicales. Si
los patégenos o los parasitos son costos
predicibles, entonces las  especies
hospedadoras deberian incrementar su
fecundidad para diluir los efectos negativos
del parasitismo entre mas pichones, o
incrementar la probabilidad de que un gen
resistente aparezca en sus hijos (Gowaty
2008, Richner & Heeb 1995). Entonces,
eventos sucesivos de parasitismo deberian
incrementar la predicibilidad del riesgo de
parasitismo e influir la decisiones
reproductivas de los hospedadores en afios
subsecuentes (O’Brien & Dawson 2005).
Uras eran el ectoparasito de pichones
dominante en tres afios (Cockle & Bodrati

2009, este estudio), sugiriendo que
'()%*+,)- es un costo predicible para los
trepadores oscuros. Nuestro resultado que
el costo de parasitismo fue reducido en
nidadas mas grandes, sugiere que la
compensacion reproductiva seria una
estratégia reproductiva efectiva contra los
parasitos.

La alta prevalencia de los ectoparasitos
que nosotros observamos (casi 100%) era
comparable con otros estudios de
hospedadores infestados por '()%*+,)-
(Dudaniec & Kleindorfer 2006, Dudaniec !"#
$%&2007). Sin embargo, observamos
relativamente poca mortalidad de pichones
como resultado de los parasitos (~8% de
todos los pichones; Cockle & Bodrati 2009,
este estudio). Esto es consistente con el
resultado que las especies que anidan en
huecos sufren menos mortalidad de
pichones que las que anidan en tazas
abiertas, pero inconsistente con el patrén
de mayor mortalidad inducida por
parasitos en zonas tropicales (Mgller "#$%
2009). Svensson & Raberg (2010) sugieren
que el costo del parasitismo puede ser
minimizado a pesar de alta prevalencia, si
las especies han adaptado estratégias para
tolerar los parasitos. Sugerimos que
nuestro resultado de baja mortalidad de
pichones a pesar de alta prevalencia de
uras puede ser atribuido a la tolerancia de
los parasitos por los trepadores (Mgller !"#
$%6&09).
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Bajo la hipodtesis de la resistencia,
diferencias en el nimero de parasitos son
atribuidas a los fenotipos resistentes que
minimizan la cantidad de parasitos y
entonces consiguen mayor supervivencia
de la descendencia (Svensson & Raberg
2010). Nuestro resultado en que el numero
de parasitos por pichén no variaba entre
parejas (excepto un nido que tenia mas
parasitos que otros) sugiere que el rango
de carga parasitica por pichon era
comparable entre nidos, y que los padres
no resistieron a los parasitos (Figura 1).
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