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Ectoparasites, nestling growth, parental feeding
rates, and begging intensity of tree swallows

Krista Thomas and Dave Shutler

Abstract: Many studies fail to show relationships between ectoparasite loads and nestling growth rates. One explana
tion is that parent birds increase feeding rates to compensate for nestling energetic losses to ectoparasites. Nestling
begging behaviours could signal need to parents. Accordingly, we tested whether higher flea and blow fly loads in tree
swallow (Tachycineta bicolor nests were associated with smaller nestlings, higher parental feeding rates, and increased
nestling begging intensity. The study area was the Gaspereau Valley of Nova Scotia, Canada. When nestlings were
10 days old, parental feeding rates and nestling begging intensity were measured with tape recorders. At 13 days of
age, nestlings were weighed and measured. Within 2 days of fledging, nest material was removed from nest boxes and
enumerated for adult fleas and blow fly pupae. After including brood size and date of first egg as covariates in general
linear models, no significant relationships were found between ectoparasite loads and nestling size, parental feeding
rate, or nestling begging intensity. Our results suggest that nestling tree swallows were able to buffer the effeets of nat
urally occurring ectoparasite loads without significant help from their parents. Low levels of virulence may have re
sulted from relatively benign weather during the study, low numbers of ectoparasites, selection on ectoparasites to
avoid killing their hosts, and host defences.

Résumé: Beaucoup d’études n’ont pas réussi a établir de relation entre le fardeau d’ectoparasites et les taux de crois
sance des oisillons au nid. Parmi les explications possibles, on peut penser que les parents sont en mesure d’augmenter
I'apport de nourriture au nid de facon a compenser la perte énergétique due aux ectoparasites. Par leurs sollicitations,
les oisillons au nid peuvent communiquer leurs besoins a leurs parents. Nous avons tenté de voir si les fardeaux plus
importants de puces et de mouches de la viande dans les nids de I'Hirondelle bidalchgoineta bicolor sont asso-

ciés a des oisillons plus petits, a des taux d'apport de nourriture plus élevés et a des comportements de sollicitation
plus intenses. La vallée de Gaspereau, Nouvelle-Ecosse, Canada, a servi de site d’étude. Des magnétophones ont per-
mis d’enregistrer I'intensité des sollicitations des oisillons agés de 10 jours et les taux d’approvisionnement par les pa-
rents. A 'age de 13 jours, les oisillons ont été pesés et mesurés. Moins de 2 jours aprés I'envol des oisillons, les
boites a nids ont été vidées afin de permettre l'inventaire des puces adultes et des pupes de mouches de la viande.
L'intégration de la taille de la couvée et de la date de la premiere ponte comme covariables dans des modeéles linéaires
généraux n'a pas mis en lumiére de relation particuliére significative entre le fardeau d’ectoparasites et la taille des
oisillons au nid, l'intensité de leurs comportements de sollicitation, ou le taux d’approvisionnement par leurs parents.
Nos résultats laissent croire que les Hirondelles bicolores au nid sont capables de neutraliser les effets des fardeaux na
turels de parasites sans recevoir d’'aide importante de leurs parents. La faible virulence de ces infections peut étre attri
buable au conditions climatiques modérées durant I'étude, au nombre faible de parasites, au systeme de défense des
hoétes ou a la pression sélective exercée sur les ectoparasites pour éviter de tuer leurs hotes.

[Traduit par la Rédaction]

Introduction et al. 1999) and, in rare cases, death (Arendt 1985). How
) ) . ever, negative effects on nestlings have not been detected in
Avian ectoparasites not only take blood from their hostsgeyeral studies, even when substantial numbers of- ecto
they can also serve as vectors for viral, bacterial, and othefa 4sjtes were present (Gold and Dahlsten 1983: Eastman et
diseases. Consequently, ectoparasites elicit significant imy; 1989; Johnson and Albrecht 1993: Mappes et al. 1994;
mune and behavioural responses (Marshall 1981; Hart 199G andell and Verbeek 1986 Dawson and Bortolotti 1997).
Janovy 1997; Wakelin and Apanius 1997). Because of thesg, explain these insignificant relationships, it has been sug
arjd related costs, higher ectoparasite loads can be assoua&g,gted (Moss and Camin 1970; Johnson and Albrecht 1993)
with slower nestling growth (Meller et al. 1990; Lehmann {ha parents may increase feeding rates to nestlings te com
1993; Merino and Potti 1995; Richner and Heeb 1995; Heelyansate for energy losses to parasites. Parents would need to
assess these energy losses; one cue could be nestling begging
. behaviour. In this study, associations among ectoparasite
Soceed June 14,2000 Acoeped Ocobr 20,2000, oo n nests. Icice of nesing growh, prental foeang
2001. rate, and nestling begging intensity were examined in the
. _ _ tree swallow Tachycineta bicolor.
E'n I,Q?s'ﬂasV%Z?fvﬁiesr&”sﬂeébF?i%rméiﬂgggB'Ology' Acadia Tree swallows nest in cavities and incubate their clutches
Y : ' ' (usually 5 or 6 eggs) for 12 to 14 days; both parents feed
ICorresponding author (e-mail: dave.shutler@acadiau.ca).  young for 18 to 20 days in the nest (Robertson et al. 1992).
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Tree swallow nests are frequently home to fleas (Siphonapterapcalisation intensity when nestlings were 10 days old. Recordings
and blow flies (Diptera: Calliphoridae) (Bennett and Whitworth of vocalisations were usually taken in the morning between 08:00
1991, 1992; Rogers et al. 1991; Whitworth and Bennett 1992and 11:00 (latest 12:00). Lapel microphones were hidden inside the
Rendell and Verbeek 1986 1996). Fleas that parasitise nest box and portable tape recorders were hidden in ground vegeta

. : f . . _tion, to minimise the disturbance to adults. Audiotaping continued
temperate bird populations overwinter as adults in nestlné'or 30- or 45-min intervals, depending on cassette length. Christe

material. In spring, females copul_ate_ and then search foét al. (1996) detected significant associations with shorter intervals
blood meals from hosts before beginning to lay eggs. Larvag,an this. Recordings were scored on a subjective scale by KT (be
hatch after a few days and are initially detritivores on nestore ectoparasite assays were done) for each instance of nestling
material. They soon pupate and emerge as sanguivorous aduliegging. Begging intensity was the average of all scores fora tap
Prior to host fledging, 5000 or more adult fleas may occupying session. Begging was scored on a scale from 1 to 5, where 1
a single nest, although 100 or fewer is more typical, dependingas no begging, 2 was multiple nestlings uttering one or two notes
on ecological conditions (Harper et al. 1992; Dufva 1996;0r a single individual persisting for some time with low-volume
Dufva and Allander 1996; Heeb et al. 1996). Blow flies alsonotes, 3 was either many nestlings uttering 2-5 notes or a few nest
overwinter as adults, usually under the bark of trees, but odings persisting with medium-volume notes, 4 was all nestlings
casionally in nest material. In spring, females lay eggs irpeRa e 0ol TR, (00 8 ER o P e So07:
host nests (Bennett and Whitworth 1991; Dahlem 19917 9 ' '

. M.L. Leonard, personal communication). A subsample of 10 tapes
Wittmann and Beason 1992). Once hatched, larvae of thg,q chosen randomly and scored a second time under blind-condi

common blow fly Par35|te_0f tree 5Wa||0\_/\Bl’0_t0C3”'ph0r_a tions; in all cases the scores assigned were the same. Begging oc
sialia, feed through the skin on blood, primarily of nestlings, curred only when parents entered boxes, so feeding rate was the
and primarily at night. Prior to host fledging, up to 1200 same as the number of begging events recorded. It was verified on
sanguivorous larvae may occupy a single passerine nest, dawo broods that visual counts of parental entrances corresponded
though 50 is more typical (Eastman et al. 1989; Bennett ané@xactly to the number of entrances detected on the tapes. It was as
Whitworth 1991; Johnson et al. 1991; Rogers et al. 19918umed that each time a parent was heard entering that it had come
Whitworth and Bennett 1992; Wittmann and Beason 199210 feed the nestlings (also see Rogers et al. 1991).
Johnson and Albrecht 1993; Johnson 1996). Although most /hen nestlings were 13 days old, mass was measured to the
blow flies are attached to hosts only intermittentBroto- nearest 0.1 g, using a 30-g Pesola spring scale. Right-wing length
. . . . y . e was measured to the nearest 0.1 cm, using a wing ruler, and right-
calliphora brauerj which lives under the skin of its host, 5r5ys length was measured to the nearest 0.01 mm, using calipers.
has also not been associated with significant detriments tBecause nestlings and nest boxes were not statistically independ-
hosts (Eastman et al. 1989). ent, we averaged morphological measurements for all nestlings
Nestlings beg to communicate their hunger to parents, andithin a nest box.
acoustic components of begging are one set of cues to which Nests were collected in June and July, 1 or 2 days after the last
parents respond (Henderson 1975; Bengtsson and Ryden 198@stling had fledged. Nest-box contents were emptied into plastic
Hussell 1988; Price et al. 1996: Cotton et al. 1996: Leonard?ads and fleas that remained in the nest boxes were dislodged with
et al. 1997, 2000; Granadeiro et al. 2000; Leonard and Hor@ Probe or screwdriver and added to the bags. Nests were frozen
2001). Thus, begging vocalisations could provide signals t(;or at least 1 week, and then the slightly open bags were placed in

o o - a drying oven at 38°C for at least 24 h, or until the nests were dry
parents of decreased nutritional condition and increasee hut e touch (up to 1 week). After drying, bags were sealed and re

ger resulting from parasites. Accordingly, we tested whethefmeq to the freezer until they were examined for ectoparasites.

higher numbers of fleas and blow flies in tree swallow nests 1o enumerate parasites, nest material was placed over a 2.00 mm

were associated with slowed nestling growth, increased pajauge upper sieve and a 0.71 mm gauge lower sieve, both of which

rental feeding rate, and increased intensity of nestling begsat in a tray. Large pieces of grass and feathers were retained in the

ging vocalisations. upper sieve. The number of feathers was recorded and all items in

this sieve were teased apart to dislodge attached fleas. Remaining

material from the lower sieve and the tray were sorted for adult

fleas and blow fly pupae under a magnification light and using a
In 1999, data were collected from four locations in the Gaspereaiine paintbrush. _ _

Valley, King's County, Nova Scotia (45°Bl, 64°20W). All loca- Statistical analyses were performed in SAS (SAS Institute Inc.

tions were within 5 km of each other and had been in use sincd990); tests are described and explained below.

1988 (Garron 1989).The location called River (30 nest boxes) is

adjacent to hay fields, whereas Coldwell's (17), Pam’s (30), andResults

Hynes (20) are adjacent to apple orchards. At each location, nest

boxes were attached to metal poles approximately 1.5 m above thgeneral observations

ground. Poles were greased to prevent predation by raccoons and ot the River location, 22 of 30 nest boxes were occupied

squirrels. Nest boxes were placed at least 15 m apart and faced j tree swallows in 1999; corresponding numbers were 3 of
random directions. Nest boxes in this population are cleaned ea ) ' )

year, usually in the spring before tree swallows have returned. BeH7 for I(Zi_ol(tiwellsd, t14 of 30df?r Pirg:/'l ar;d 89J0f 20F_f0r1
ginning in early May, tree swallow nest boxes were monitored for ynes. Firsi-egg dates ranged from ay to une (Fig. 1),

signs of fresh nesting material, date of first egg, clutch size, broo@nd there were 2, 17, 21, and 8 clutches of 4, 5, 6, and
size, and fledging. 7 eggs, respectively. Although clutch size was smaller in

The intensity of begging vocalisations increases with nestlingnests initiated later (Fig. 1; Pearsom’'ss —0.38,P = 0.01),
age (McCarty 1996; Price et al. 1996), so in all cases we measurdorood size was not (Fig. I; = —0.18,P = 0.22). One nest

Study areas and methods

2C.A. Garron. 1989. Influence of timing of breeding and female age on the breeding success of the tree Jwahgaineta bicolarB.Sc.
(Hons.) thesis, Acadia University, Wolfville, Nova Scotia, Canada.
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Fig. 1. Tree swallow clutch ©@ and dashed line) and broo@( Table 1. Summary statistics for variables considered in the analyses.
and solid line) sizes over the course of the year. Clutch and

brood data and overlapping points are offset for clarity. Regres Variable N Mean SD Low High
sion lines are based on actual data and not on the offset points.Mass at day 13 (g) 48 232 1.7 156 256
Right-wing length (mm) 48 58.7 3.9 46.7 714
o 1 e ©e O Right-tarsus length (mm) 48 150 03 143 165
N O No. of fleas per nestling 48 32 62 0 40.8
% 6 - "9 _9 No. of blow flies per nesting 48 0.8 1.7 0 8.1
3 ife S %}‘ QQ—%) No. of feeds (per hour) 39 187 64 53 307
o ® Begging intensity 38 35 09 13 50
@ 4 7 N ?See the Study areas and methods section for description of scoring.
= i
; * o tarsus lengthr(= 0.14,P = 0.35) nor wing lengthr(= —-0.14,
Q 2 A ) P = 0.33) were related to brood size. Hence, brood size was
= included as a covariate in general linear models involving
Q ) mass but not in models involving tarsus or wing length.
0 T T T The first principal component (PC) from a PC analysis on

the correlation matrix of tarsus and wing lengths (first

> > . e . .
? < < 2 g eigenvalue = 1.26, 63% of the variation) explained less-vari
2 2 E .2 .2 ation than expected by chance (according to the broken-stick
— o0 W — o0 criterion described in Frontier 1976; Jackson 1993), se tar
— — @\l

sus and wing lengths were treated as independent variables.
First-egg date Nests initiated late had fewer fleas (Fig. 2= —0.36,P =
0.01) but were more likely to have blow flies (mean initia-
tion date = SD for 34 nests without blow flies = 19.6 May +
did not produce any fledglings and, because this may have.3 days and for 13 nests with blow flies = 23.5 May *
prevented ectoparasites from developing to the same exteiit8 days; general linear model= 3.9, P = 0.06). Hence, to
as in nests that did fledge, it was removed from the analysesontrol for initiation date in analyses involving ectoparasites
involving ectoparasites. For various logistic reasons, begand to avoid multicollinearity, residuals from separate re-
ging intensity and parental feeding rates were not measuregressions of fleas against first-egg date and blow flies
at all nests (Table 1). against first-egg date were used as explanatory variables.
Fleas were identified a£eratophyllus idius(Holland Nestling mass, wing length, and tarsus length were not
1951; Benton and Shatrau 1965) by Dr. Glen Chilton. All significantly associated with flea number (Table 2). The lat-
blow fly pupae and adults (a total of 10 specimens) that haveer relationship was essentially unaffected if an outlier brood
been found in tree swallow nests so far have been identifiedvith unusually long tarsi (16.5 mm; Table 2) was excluded.
as P. sialia (Bennett and Whitworth 1992) by Dr. Terry Mass, wing length, and tarsus length were not significantly
Whitworth, although other blow fly species may also beassociated with blow flies (Table 2), and the latter result was
present. No larvae or prepupae were found, possibly becausmchanged if the outlier for tarsus length was excluded. Be
freezing made their bodies undetectable among nest corause separate species of ectoparasites could have eumula
tents. tive or synergistic effects, analyses were repeated with both
Previous research has suggested that there is a negative residual fleas and residual blow flies as explanatory-vari
lationship between feathers and fleas in tree swallow nestables but, in no case, were significant associations with-ecto
(Winkler 1993; both variables were log¢ 1)-transformed parasites observed; associations with brood size remained
in all analyses to improve their fit to normality, as assessedaignificant.
with Shapiro—Wilk tests); the number of fleas was not signif ~ Larger broods begged more intensaly=(0.38,P = 0.02).
icantly lower in nests with more feathers £ —-0.15,P =  Thus, brood size was included as a covariate in general lin
0.31) and was also not related to dry nest mass (.13, ear models involving begging. Begging intensity was not
P = 0.37). Moreover, the number of feathers in nests withsignificantly related to fleas (Table 2) or blow flies (Table 2).
blow flies (mean + SD = 79.1 + 34.0) did not differ from the Analyses of begging intensity were repeated with both resid
number in nests without blow flies (mean + SD = 76.9 + ual fleas and residual blow flies as explanatory variables and
93.5;t test:t = 0.2,P = 0.15). A significant positive relation brood size as a covariate, but combined ectoparasite loads
ship was found between number of feathers and date of initiwere not related to begging intensity.

ation = 0.30,P = 0.04). Larger broods were fed more frequently by their parents
(r = 0.38,P = 0.02). Thus, brood size was included as a
Ectoparasites as explanatory variables covariate in general linear models involving parental feed

Summary statistics for principal variables appear ining. Feeding rate was not significantly related to fleas- (Ta
Table 1. Mean nestling mass was lower in larger broeds ( ble 2). Feeding rate was slightly higher at nests with blow
—-0.32,P = 0.03). When a lightweight outlier brood was-re flies present (Table 2). Analyses of feeding rate with both
moved (mass = 15.6 g; none of this brood fledged), the relaresidual fleas and residual blow flies as explanatory -vari
tionship was still significantr(= 0.37, P = 0.01). Neither ables and brood size as a covariate produced similar results.
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Fig. 2. Change in flea numbers collected from nests relative to Fig. 3. Relationship between average mass of all nestlings from

date of first egg. a nest and residual begging intensity (derived from a regression
—_ against brood size).
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Table 2. Results of general linear models testing for relationships with ectoparasite numbers.
Overall model Brood-size covariate
Explanatory
Response variable R? P F P variable F P
Mass 0.13 0.05 6.1 0.02 Fleas 0.1 0.71
6.2 0.02 Blow flies 0.0 0.84
Right-wing length 0.00 Fleas 0.0 0.96
0.01 Blow flies 0.6 0.46
Right-tarsus length 0.01 Fleas 0.2 0.63
0.00 Blow flies 0.0 0.85
Begging intensity 0.25 0.007 9.4 0.004 Fleas 1.0 0.32
0.26 0.005 11.0 0.002 Blow flies 15 0.23
Feeding rate 0.14 0.07 5.8 0.02 Fleas 0.0 0.88
0.23 0.01 5.9 0.02 Blow flies 3.9 0.06
Note: Explanatory variables are based on residuals; see Rexalues for the overall model are the same as
for the explanatory variable when there is no covariate.
Interactions among focal variables 0.04,N = 37); heavier nestlings begged less. Parasite- vari

In this study, the primary interest was in whether the-neg aples and covariates were not retained in models analysing
ative effects of ectoparasites on growth were compensater effects on wing or tarsus length.

for by increased parental feeding. Such compensation was
tested for with general I|_near models that had a grov_vth '”de)biscussion
as a response, brood size as a covariate, and residual fleas,
residual blow flies, nestling begging intensity, and parental No substantive evidence that ectoparasites affected tree
feeding rate as explanatory variables. First, multicollinearityswallow nestling growth or begging intensity was found.
was tested for among explanatory variables. Broods thatloreover, we were unable to detect parental compensation
begged more intensely were fed more often by their parents the form of increased feeding rate to nestlings with higher
(r =0.52,P = 0.001). Because of collinearity between theseflea loads. Parents tended to feed nestlings more frequently
variables, residuals from a regression of parental feeding they had higher blow fly loads, but we highlight this with
rate against begging intensity were used in subsequent anaaution because of the number of tests conducted (Rice 1989)
yses. and because more thorough analyses failed to detect this re
Variables with the lowesE values were iteratively dropped lationship. Previous studies of other host species have found
from general linear models until only significant associationsthat parents increased feeding rates to nestlings with higher
remained (Alisauskas and Ankney 1994; Sorci et al. 1996)flea (Christe et al. 1996) and blow fly (Hurtrez-Boussés et
With mass as the dependent variable, only residual beggingl. 1997) loads; however, slowed nestling growth was also
intensity was retained in final models (Fig.1B35= —0.34,P =  observed in these studies. In contrast, but consistent with the
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overall results presented here, previous studies on tree swadt al. 1997; Saino et al. 1998). In any case, if reallocation to
lows failed to show effects of ectoparasites on nestlingspecific kinds of growth occurs when nestlings are parasit
growth or parental feeding rai®ogers et al. 1991; Rendell ised, effects on growth opposite to those predicted may oc
and Verbeek 199§, even thoughparasite loads higher than cur.
those seen in this study were observed. Because blow fly larvae feed primarily at night (Bennett
One explanation for the insignificant effects is that theand Whitworth 1991), nestlings may be hungriest at dawn,
ectoparasite loads observed in this and in other studies (blowhich preceded the measurement of begging intensity in this
flies reviewed in Johnson and Albrecht 1993) are often in study. Thus differences in begging intensity between nests
consequential to nestling energy budgets. Low ectoparasit@ith and without blow flies might more profitably be cem
numbers could result from cleaning out nest boxes each yegrared earlier in the day or by experimentally preventing
(Mgller 1989), althought empirical evidence of this is equiv feeding until such time as measurements could be taken.
ocal. For example, Mappes et al. 1994 foundrefleas in  However, blow flies were found in only 13 of 47 nests,
cleaned nest boxes. Moreover, even if nest boxes had nethereas fleas were found in 38 nests. Because of their higher
been cleaned out, there are several studies that failed-to dprevalence, fleas may be a more important ectoparasite in
tect effects of naturally occurring ectoparasite loads on aviathe study area. Another methodological issue is that only the
reproductive ecology (e.g., Whitworth and Bennett 1992;acoustic components of begging behaviour were measured,;
Lee and Clayton 1995). This low level of virulence (the de it is possible that visual components of the behaviour could
gree of harm caused) could arise for a number of reasongrovide more precise information about parasites, which in
First, parasites may distribute themselves in an ideal freéurn, would affect parental feeding.
manner (Fretwell and Lucas 1970), so that they avoid the |f Jow virulence is characteristic of ectoparasite communi
danger of killing their host, which could compromise their ties, demonstrating their effects may require manipulation
transmission success (also see Dufva 1996). An ideal fregxperiments that increase their numbers (e.g., Richner et al.
strategy may be especially applicable to particularly mobile1993; Christe et al. 1996). However, manipulations do not
ectoparasites (Heeb et al. 1996; Rendell and Verbeeke)996 always result in higher parasite loads (Rogers et al. 1991;
Second, parasite populations are probably limited by densitymerino and Potti 1998), possibly because of density-dependent
dependent factors, including diseases, starvation, cannibalisictoparasite survival and emigration. For these reasons, ma-
predation, etc., so that collectively they are seldom virulentnipulation experiments will not be straightforward in the ef-
Third, hosts may influence ectoparasite density by choosingects they generate. Moreover, manipulations to increase one
nest sites that are relat|vely free of ectoparasites (e.g., Browparasite may lower the numbers of another, potentially un-
and Brown 1996), by adding green plants that affect ectomeasured, parasite species. These may be some of the rea-
parasite populations (Wimberger 1984; Clark 1991; but segons why manipulation experiments have been no more able
Gwinner et al. 2000), or by other behaviours (Pacejka et ako detect effects of parasites than observational studies (Mgller
1996) or immune responses. 1997).

A second explanation for not observing significant effects There are some alternative hypotheses to the ones ex-
of ectoparasitism is that weather and other conditions wergressly tested. First, it was assumed that higher ectoparasite
benign during the year of the study, so that all nestlings wergoads would cause more begging; however, some parasites
relatively free of other kinds of stress (Howe 1992; de Lopedecrease hunger (e.g., Crompton 1991) and, by association,
et al. 1993; Dufva_l and Allander 1996; Allander 1998; ||m0nencou|d presumably reduce begging intensity. However, the
et al. 1999). During our study, from May to the end of July, data do not reveal a relationship between begging intensity
precipitation totalled 74.0 mm, compared with a 38-year avand ectoparasite load. It is possible that increasing-ecto
erage of 219.4 mm for the same period. Moreover, for theyarasite loads reduce begging intensity (via anemia and con
same 3 months, mean daily temperatures were 3.6, 2.9, argquent weakness) at the same rate as actual nutritional
1.9°C warmer than the 38-year average. It is possible thaieeds increase, so that no relationship is detected. However,
these represent benign conditions, so that parents had fRe growth indices detected no greater nutritional needs (but
trouble providing more food than nestlings could assimilatesee above). In any case, in situations where there is an asso
(Lepczyk and Karasov 2000); in fact, several studies havejation between ectoparasite load and parental feeding rate
found that tree swallows are capable of raising extra-nest(Christe et al. 1996; Hurtrez-Bousseés et al. 1997), parents
Ilngs without apparent_surwval or reproductlve costs (DEmay be re|ying on cues other than beggmg intensity to de
Steven 1980; Wheelwright et al. 1991; R. Shutler and Gcide how often to feed their young. This hypothesis requires
Clark, unpublished data). On the other hand, parents produdgrther investigation. Second, parents may not increase feed
larger clutches when food is abundant (Hussell and Quinnejng rates to nestlings if they themselves may become parasit
1987), and dry weather may have reduced insect numbersised in the process; a similar hypothesis has been invoked in

A third explanation for not detecting effects of ecto mate choice (Borgia 1986; Borgia and Collis 1989). How
parasitism could be more efficient use of nutrients by paraever, feeding rates were not affected by parasite loads. Third,
sitised nestlings, so that less food was lost to egesta or akectoparasites increase the amount of food nestlings require
heat. A related possibility is that nestlings respond to -ectoto reach fledging, this would reduce fitness value of these
parasitism by allocating more energy to growth of tissuesyoung to parents (e.g., Forbes 1993). Because no effect of
such as feathers, that will allow them to leave the nest (angarasites on nestling growth or feeding rate was seen, the
the parasites) sooner, rather than investing in tissues associatg@ta do not permit an evaluation of this hypothesis. How
with other functions, such as immunity (Hurtrez-Boussésever, because tree swallows may only survive long enough to
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breed once in their lives (Robertson et al. 1992), they mighBennett, G.F., and Whitworth, T.L. 1991. Studies on the life history
be expected to maximise their efforts regardless. of some species d?rotocalliphora(Diptera: Calliphoridae). Can.
Brood size was positively related to nestling begging in  J. Zool.69: 2048—2058.
tensity (also see Henderson 1975; Leonard et al. 2000); thigennett, G.F., and Whitworth, T.L. 1992. Host, nest, and ecological
pattern could arise simply because more nestlings make relationships ofProtocalliphora (Diptera: Calliphoridae). Can.
more noise or because nestlings in larger broods weigh less J- 200!.70: 51-61. .
(Cronmiller and Thompson 1980; Nur 1984; this study; Benton, A.H.,_and Shatrau, V. 1965. The hird fleas of eastern
R. Shutler and G. Clark, unpublished data). Both brood size North America. Wilson Bull.77: 76-81.. ,
and begging intensity were positively associated with parenB0r9ia, G. 1986. Safin bowerbird parasites: a test of the bright
tal feeding rate. Heavier nestlings might be expected to have M2lé hypothesis. Behav. Ecol. SociobigB: 355-358.
become so from more intense begging, but we found tha orgia, G., and Coll_ls, K. 1989. Fema_le ch0|c_e for parasite-free
they begged less. Although causality cannot be ascribed, this garl]e saltzln l?ovsverl;)lrt():i_s lggfjﬂg e4v50LI1ut|on of bright male plumage.
suggests th.at heavier n.eSt"ngS had enough nutrients for growg}ov‘ina\é Rcoa.ndol?acrlgvvlr? Ml B 1;96 éoloniality in the cliff swal
:rr:f[js t(h;;nzggglriegnghg;éisnsigé]; egz de}lr']gyhl%r;)glfr(;(r)atnr;e dgi?:) low: the effect of group size on social behavior. University of

) Chicago Press, Chicago.
et al. 2000). However, Leonard et al. (2000; M.L. Leonard,Christe, P., Richner, H., and Oppliger, A. 1996. Begging, food

personal communication) found that begging was still more o isioning, and nestling competition in great tit broods in
intense in larger broods after controlling for brood size and  fegted with ectoparasites. Behav. Ecail.127—131.

feeding rate, suggesting that something else (e.g., the congjark, L. 1991. The nest protection hypothesis: the adaptive use of

pet|t|ve SOC'aI enVII‘OI’]ment) a|SO Contl‘lbuteS to thIS re|&tI0n plan’[ secondary Compounds by European star“ngsB'rd_

ship. parasite interactions: ecology, evolution, and behavigdited by

This study illustrates the complexity of ecological rela  J.E. Loye and M. Zuk. Oxford University Press, Oxford. pp. 205—

tionships between hosts and parasites. Carefully controlled 221.

manipulations are needed to evaluate these relationships, aotton, P.A., Kacelnik, A., and Wright, J. 1996. Chick begging as

though we caution that field conditions will make it difficult  a signal: are nestlings honest? Behav. E¢ol178-182.

to perform manipulations that provide easily interpretableCrompton, D.W.T. 1991. Nutritional interactions between hosts and

results. parasitesIin Parasite—host associations: coexistence or conflict?
Edited byC.A. Toft, A. Aeschlimann, and L. Bolis. Oxford Uni-
versity Press, Oxford. pp. 228-257.
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