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Influence of intraclutch egg-mass variation and
hatching asynchrony on relative offspring
performance within broods of an altricial bird

Pierre-Paul Bitton, Russell D. Dawson, and Erin L. O’Brien

Abstract: Rates of growth and size of nestlings at fledging have important consequences for future survival and reproduc-
tive success in many passerine birds. Within broods of altricial species, these characteristics are often influenced by size
hierarchies established early in the nesting period due to hatching asynchrony and within-clutch variation in egg mass, but
the concurrent effect of these factors is poorly understood. We investigated the relative influence of these variables on
nestling performance within broods of tree swalloWagchycineta bicolor (Vieillot, 1808). Nestlings that hatched earlier

within nests were heavier and larger than their later-hatched siblings at 4 days of age. Similarly, earlier-hatched nestlings
grew their ninth primary flight feathers faster and had longer ninth primaries just prior to fledging than did later-hatched
siblings. Differences in egg mass of siblings also contributed to mass and size hierarchies at 4 days of age, but did not af-
fect any other difference in sibling performance. We conclude that within-clutch variation in performance of offspring is
determined primarily by size hierarchies resulting from asynchronous hatching. Intraclutch egg-mass variation appears to
have little effect on performance of siblings and may be best explained by proximate constraints on females.

Résume : Les taux de croissance et la taille des petits au nid au moment de I'envol ont déguemses importantes sur
la survie future et le suceereproductif chez de nombreux passereaux. Dans leSggaties espes nidicoles, ces caracte
istiques sont souvent influenee par les Hiarchies de taillestablies fa durant la peiode au nid acause de I'asyntde

de I'eclosion et de la variation de la masse des oeufs dans lneerperte; cependant, les effets concourants de ces fac-
teurs restent mal connus. Nous avonsdée les influences relatives de ces variables sur le ®iacenid chez des poes
d’hirondelles bicoloresTachycineta bicolor (Vieillot, 1808). Les petits qui @osent plus tbau nid sont d’dge de 4 jours
plus lourds et plus grands que les oisillons denmedratrie ‘€los plus tard. De frae, les petits @os plus pfeocement de
veloppent leurs neuviees feniges primaires plus rapidement et paksst des neuviees feniges primaires plus longues
juste avant le moment de I'envol que les autres oiseaux de la fratrie qiclost @us tard. Les difiences de masses des
oeufs dans une fee porfe contribuent aussi aux harchies de masses et de tailleBdge de 4 jours, mais n’affectent
pas les autres performances de la pamrfdous concluons que la variation de la performance des petits au sein de & porte
est deerminee principalement par les higrchies de tailles miltant de I'asynchronisme de ¢ksion. La variation de la
masse des oeufs dans la persemble avoir peu d’effets sur la performance des petits d’umeenporf@ et peut s'ex-
pliquer le mieux par des contraintes proximales chez les femelles.

[Traduit par la Reaction]

Introduction time the entire clutch has hatched, it is not uncommon in
, - - some species for the first-hatched chick to be twice as heavy
_The relative performance of siblings within broods of al- 55 the |ast-hatched chick (Zach 1982; Krebs 1999). The en-
tricial birds is often a.functlon of sibling comp_etlt'lo'n, which suing mass hierarchies have been demonstrated to disadvant-
can be affected by size and growth rates of individual nestyge ~|ate-hatched nestlings and affect their prefledging
lings (Stokland and Amundsen 1988; Neuenschwander et aherformance (Lago et al. 2000). This has important fitness
2003). To a large extent, the establishment of size and maggpiications, since a nestling’s mass just prior to leaving
hierarchies within a nest is determined by the degree ofne nest is a strong predictor of postfledging survival in sev-
hatchm_g asynchrony (Krist et al..2004). When parents stargyg| species (Magrath 1991; Monros et al. 2002).
incubating beforg clutch completion, eggs that are laid first |, addition to hatching asynchrony, differences in egg
are among t_he flrs_t to hatch and, consequently, have a heagass \ithin a clutch also have the potential to contribute to
start on their siblings (e.g., Clotfelter et al. 2000). By theg;,¢ hierarchies. Egg mass varies with laying sequence in
numerous bird species (review in Slagsvold et al. 1984),
And this variation may have adaptive value. Laying a rela-
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rates of last-hatched chicks (Wiala 1997). In studies that scale, and their right tarsus was measured 4 times (nearest
have investigated sources of variation in egg mass of tre6.01 mm) with digital callipers. We calculated the average
swallows, Tachycineta bicolor (Vieillot, 1808), an altricial of the measurements of tarsus length and used these values
passerine, both Zach (1982) and Wiggins (1990) observetbr all analyses. Since ninth primary feathers of most nest-
significant increases in egg mass with laying order. As a relings do not begin growing until after 6 days of age, we
sult, Wiggins (1990) suggested that this investment pattermeasured length of primary from 8 to 16 days of age using
may be strategic and would allow females to reduce the ruler (nearest 0.5 mm). We then calculated growth rate
mass hierarchy caused by hatching asynchrony. The undetonstants for body mass, ninth primary, and tarsus for each
lying assumption that variation in egg mass within a clutchnestling within a brood using methods described by Dawson
has performance consequences for nestlings, however, was al. (2005). We used logistic, Gompertz, and linear models
not tested. Indeed, the relative importance of egg mass artd describe growth of mass, tarsus, and ninth primary, re-
hatching asynchrony in determining offspring quality in spe-spectively, which allowed us to test how egg mass and
cies of altricial birds is poorly understood. In this study, we hatching asynchrony influenced nestling development.
examined how hatching asynchrony and variation in egg

mass influenced the mass, size, and growth of siblinggVithin-brood comparison

within broods of tree swallows. Because we often lacked precise information on hatching
time of the last-hatched chick, and thus could not include all
Materials and methods nestlings within a brood in our analyses, we compared the
performance of a pair of siblings, one of which had hatched
Study area and field procedures from a relatively small egg and one that had hatched from a

The study was conducted from May to July 2003 nearrelatively large egg. We compared the performance of these
Prince George, British Columbia, Canada ‘@3N, nestlings within a dyad by calculating the difference in egg
122°33W). Birds nested in boxes that were mounted 1.5 mmass, hatching time, and performance characteristics (size
above the ground on fence posts, in an area mainly comand growth) between them. For each pair of siblings, we
posed of open agricultural fields with patches of mixed derandomly assigned whether values associated with the nest-
ciduous and coniferous forest. Tree swallows arrived on thding that hatched from the smaller egg would be subtracted
site near the end of April and began initiating clutches infrom those from its sibling coming from a larger egg, or
late May. vice versa.

Starting in mid-May, nest boxes were inspected every 1- Within broods, mass hierarchies established by hatching
2 days until the first egg was found, after which every boxasynchrony are a function of feeding time, with the first
was checked daily. On the day it was laid, each egg wakatchlings being fed while other siblings are still within
weighed to the nearest 0.01 g using an electronic balancieir eggs (Zach 1982). For this reason, for nests where
and numbered with a nontoxic permanent marker accordingnembers of a dyad hatched on different days, we calculated
to laying sequence. After clutches were complete, nests werdifferences in hatching time excluding nighttime (2200 to
not visited again until 2 days before the predicted hatchind500). Also, because we wanted to analyse the effect of in-
date, at which time they were visited at least once per daytraclutch egg-mass variability, we converted absolute egg-
When the eggs showed signs of hatching (i.e., star cracks),rmass difference to a relative difference in egg mass. This
piece of fine thread was glued around the longitudinal axigelative index was calculated as the difference in mass of
of each egg to temporarily restrain the chick (Mayoh andthe two eggs in a dyad, divided by the mean egg mass of
Zach 1985). Nests were then visited hourly from dawn tothe clutch. This procedure eliminated the effects of among-
dusk (approximately 0500-2200 PDT) to determine time ofclutch egg-mass variation.
hatching. When a hatchling had pecked around the girth of
the egg, the thread was removed, and the chick was givestatistical analyses
an individual identification mark using a nontoxic marker. e described the pattern of variation in egg size with lay-
These marks were refreshed as needed, usually every othi@gg sequence using Spearman’s rank correlations and tested
day. Although chicks were often able to free themselves bewhether egg mass and hatching times within a dyad differed
fore we removed the thread, we were able to match allising Student's tests. We investigated the early influence
chicks with their €gg in 33 nests (aII clutches five—sevenof egg mass and hatching asynchrony on mass and |ength
eggs). When the penultimate egg had hatched, the threas} tarsus of nestlings at 4 days of age and the influence of
was also removed from the remaining egg to avoid furthethese variables later in the nestling period on growth rates
disturbance of the nest. This prevented us from determiningf mass, tarsus, and ninth primary, and size (tarsus, ninth
the exact hatching time of the last chick and, therefore, totaprimary) and mass of nestlings at age 16 days. For each var-
asynchrony of most nests; however, our goal was to comigple, we used a general linear model with differences in
pare chicks differing in hatching time (see below), and thisegg mass and hatching asynchrony as independent variables
did not require that we determine total hatching asynchronyas well as the interaction term. In addition, we included
We defined hatching date as the day the first egg in a clutchatching date and brood size in each model because these
hatched; hatching time of the first egg was time zero. two factors have been shown to influence the effects of sib-

Nestlings were measured every other day, from 4 daysing competition (Arroyo 2002; Neuenschwander et al.
after hatching until they were 16 days old (just prior to 2003). We used a backward stepwise procedure to eliminate
fledging, which begins at 18 days of age). At every visit, nonsignificant terms for each model, always keeping differ-
each chick was weighed (nearest 0.125 g) using a springnces in hatch time and egg mass in the final model. Our
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Fig. 1. Mean mass of eggs (+SE) of tree swallowachycineta Fig. 2. Relationship between the relative difference in egg mass of
bicolor, according to order of laying. Numbers of nests are indi-  sibling tree swallows in a dyad (see Materials and methods for de-
cated above error bars. tails) and difference ind) mass andk) length of tarsus at 4 days
1.92 ; of age. To illustrate the relative contribution of variation in egg
12 mass to differences in mass and size, we removed the effect of
- hatching asynchrony (see Results) by calculating the residuals from
> 1.88 1 36 regressions between the differences in each variable and differences
% 49 in hatching time; these residuals are presented in the figures.
©
£ 184 % @ 2, o o
o O O
49
S 49 é 3 1]
XS
c 1.80] 49 49 < O O 0o
S (‘T[) 5 0 O O
S C} g 01 CQ@ O O
1.76 (} %) B E O Q @
g £ 1 o O O
1.72 — - - - - - - S
1 2 3 4 5 6 7 c 2y 0 ©
Laying sequence -3
sample sizes for mass and size of offspring at 16 days of (b) 3
age, as well as for growth rates, are lower than those for
: ® 2 | O
mass and size at 4 days of age because many completeg = @)
broods died during the nestling period as a result of unsea- @ §> 1. 0O 00
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asynchrony and egg-mass variation on nestling survival. 5= O
Nonetheless, the variables we included in our analyses are © 2 §O
known to be related to fitness in passerine birds (e.g., Ma-
grath 1991) and specifically in tree swallows (McCarty -3 . . . . . .
2001). All statistical analyses were performed using SPSS 15  -10 -5 0 5 10 15
(Noruds 2000). Results were considered significant at the
0.05 level, and we present means + 1 SE. Relative difference in egg mass (%)
Results such that those hatching earlier within a nest and coming

from relatively large eggs were heavier. Similarly, greater

The mean mass of all eggs (293 eggs from 49 clutchesyifferences in egg mass 29 = 9.42, P < 0.01, Roartial =
was 1.79 + 0.01 g (range 1.49-2.12 g), with the largest egg 50; Fig. 2) and hatching time K29 = 63.02, P <
in a clutch being on average 0.14 + 0.07 g (7.8% * 3.9%)0,001,R i, = —0.83; Fig. &) were associated with greater
heavier than the smallest egg. Similar to patterns previouslyjfferences in length of tarsus at 4 days of age. At 16 days
observed in tree swallows (Zach 1982; Wiggins 1990), theyf age, however, only difference in hatching time appeared
average mass of eggs increased significantly with the ordeg influence variation in mass of siblings, but this relation-
in which they were laid, both when all clutch sizes wereghip only approached significance (hatching tinfs 1) =
pooled for analysisrg = 0.89,n = 7, P < 0.01; Fig. 1) and 407, P = 0.059, Roartial = —0.43; €gg massF 1g = 2.43,
when analyzed by clutch size (#fl values < 0.05). Within  p = .14, Roartial = 0.35). Similarly, hatching asynchrony
the dyads that we compared in this study, the heavier €0}, 1) = 24.15,P < 0.001,Ryaqiar = —0.76; Fig. 4), but not
had an average mass of 1.82 g, while the lighter egg avelggg™ mass Ri1e) = 0.02, P = 0.88, Ryaia = —0.04), was
aged 1.72 g (pairedsy = 11.31,P < 0.0001). Time elapsed sjgnificantly related to differences in length of ninth pri-
between hatching of the two eggs in a dyad averaged 3.24 gary between siblings at day 16. Difference in length of
0.99 h (range —6.52 to 17.48 h,= 33) and differed signifi-  tarsys at 16 days of age was not related to either differen-

cantly from O (one-sampletest: t;z5) = 3.26,P < 0.01). ces in egg massF( 17 = 1.56, P = 0.23) or hatching time
(F1,177 = 1.35, P = 0.26), but the interaction between the
Nestling performance two terms was significantF(; 17) = 5.25,P = 0.04). To in-

Differences in both egg mas${,q = 6.06, P = 0.02, vestigate the nature of this interaction, we separated the
Roariial = 0.42; Fig. 2) and hatching time Ry o) = 87.66, data into two groups based on whether the difference in
P < 0.001, Ryartia = —0.87; Fig. 3) were significantly re- egg mass was larger or smaller than the unsigned average
lated to differences in mass of siblings at 4 days of agegifference in egg mass and analysed the effects of hatching
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Fig. 3. Influence of the difference in hatching time between sibling Fig. 4. Effect of difference in hatching time of sibling tree swal-
tree swallows included in a dyad (see Materials and methods for lows included in a dyad (see Materials and methods for details) on
details) and difference iraf mass andk) length of tarsus at 4 days the difference in length of ninth primary flight feathers at 16 days
of age. We removed the effect of egg mass by calculating the resiof age.
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asynchrony separately for the two groups. If the difference Difference in hatch time (h)

between the egg mass was small, there was a trend for
earlier-hatched nestlings to have longer tarsi at day 16, bubjscussion
this relationship only approached significanég; g = 4.93, .
P = 0.054,R2 = 0.35). In contrast, if the egg mass differ- Influence of hatching asynchrony and egg mass on
ence was large, there was no relationship between differeriestling performance
ces in hatching time and differences in length of tarsus at The difference in hatching time between sibling tree swal-
16 days old Fpg = 1.41,P = 0.27,R? = 0.15). Iows. explained a !arge proportion of the observed cjifferen-
Differences in growth rates of mass were not influencedces in structural size at 4 and 16 days of age. Nestlings that
by either differences in egg masBf(11; = 0.52,P = 0.49, hatched ea_lrher W|_th|n a nest perfo_rmed t_)etter throughout 'ghe
Roartial = —0.21) or hatching timeF; 1, = 1.15,P = 0.31, prood—rgar!ng penpd compargd with 'ghelr !ater—hatched sib-
Roarial = —0.31). Likewise, there was no significant relation- lings. Similarly, differences in hatching times seemed to
ship between differences in egg mas$, (1 = 2.80,P = have influenced Iong.—term d|fferenc_;es in mass between sib-
0.12, Ryartial = 0.45) or hatching timeFy 11 = 0.24,P = lings, and the magnitude of hatching asynchrony was also
0.63, Roarial = —0.15) and differences in growth rates of associated with the differences between nestmates in growth
tarsus. We did find, however, a significant relationship be-rates of ninth primary flight feathers. In contrast, within-
tween difference in hatching time and differences inclutch variation in egg mass had detectable effects on the es-
growth rates of ninth primariesF(; 12 = 5.13, P = 0.04, tablishment of brood hierarchies in the days following hatch,
Roartial = —0.55; Fig. 5), but differences in egg mass had nabut this effect was not maintained throughout the nestling pe-
effect Fj1,12) = 0.01, P = 0.96, Ryanial = —0.02), suggesting riod. Therefore, nestling performance primarily reflected dif-
that earlier-hatched nestlings were able to grow their feathferences in hatching time. Although sample sizes for some of
ers faster than later-hatched siblings. these tests were limited, our results are in accordance with
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previous studies that concluded hatching asynchrony isnass within clutches increased with laying order (Fig. 1), a
more influential than egg mass in mediating nestling com-pattern previously reported in tree swallows (Zach 1982;
petition (e.g., Krist et al. 2004) and likely represent trueWiggins 1990) as well as in other altricial passerines (e.g.,
trends. Briskie and Sealy 1990; Cichoh997; Cichdnet al. 2003;

In tree swallows, females usually start incubating afterRutkowska and Cichor2005). This pattern is consistent
laying their penultimate egg (Robertson et al. 1992), andvith the brood survival strategy, which suggests that species
eggs may hatch over a period of up to 4 days (Zach 1982)with asynchronously hatching clutches may decrease the
Although documenting total hatching asynchrony was not énortality rate of last-hatched chicks by laying relatively
goal of our study (see Materials and methods), we nonethdarge final eggs (Slagsvold et al. 1984;"vgla 1997). The
less showed that differences in hatching times of sibling$rood survival hypothesis implies that within-clutch egg-
played an important role in their relative performance withinmass variation has consequences for brood mass and size hi-
a brood. These differences are most likely due to the facgrarchies, but this assumption has rarely been tested.
that nestlings which emerge first are fed before the other In an experimental synchronization of incubation onset,
eggs hatch, and these first-hatched nestlings are able ®utkowska and Cicho(2005) showed that nestling survival
maintain their initial advantage. Whittingham et al. (2003) probability was positively related to egg mass in synchro-
have shown that parental provisioning of food to nestlingnous broods but not in asynchronous broods. In contrast,
tree swallows is not influenced by nestling size, sex, or pathere was no evidence of long-term effects of egg mass on
ternity but rather by begging behaviour and proximity to thenestling growth. This last finding concurs with correlational
nest entrance. Similarly, Leonard and Horn (1996) foundstudies that have examined the influence of intraclutch egg-
that large and small nestlings were fed at similar ratesmass variation (e.g., Stokland and Amundsen 1988; Magrath
Mass hierarchies throughout the brood-rearing period ar&992; Vituela 1996; Magrath et al. 2003; Krist et al. 2004),
therefore probably not controlled by parent favouritismincluding our own, which have shown that egg mass had an
but rather are likely a direct effect of hatching asyn-effect on the initial mass or size of hatchlings, but did not
chrony. influence hierarchies over the long term (but see Rosivall et

Unlike mass hierarchies that seem to have been mairdl- 2005). Many of these studies have concluded that intra-
tained until the birds fledged, patterns of structural growthclutch egg-size variation has little adaptive value and invoke
were not as consistent. In this study, differences in hatchingroximate constraints on laying females to explain these
time explained a large proportion of the differences intrends. Indeed, heritability estimates for egg size are high
length of tarsus at 4 days of age but not at age 16 days. I{77% in tree swallows and generally over 60% in most spe-
stead, hatching asynchrony had a long-term influence on theies; see Wiggins 1990; Christians 2002), indicating that
growth rate and prefledging length of primary flight feath- variation in this trait is largely due to genetic factors. In ad-
ers. It is probable that control of feather growth is less condition, factors such as changes in temperature before or dur-
strained than growth of bones such as the tarsi. Previou§d the egg-laying period (Saino et al. 2004; Hargitai et al.
studies on tree swallows have shown that tarsus length i2005), changes in food availability or quality (Perrins 1970;
highly heritable (Wiggins 1989) and that bone growth mayBidwell and Dawson 2005), and evolutionary pressure for
be limited by the availability of specific nutrients such aslaying early (Slagsvold and Lifield 1989) could induce var-
calcium (Dawson and Bidwell 2005). This would reduce theiation in egg mass. As noted by Krist et al. (2004), differen-
influence that factors such as hatching asynchrony and ecgfS in the relative importance of these constraints at the
mass have on growth of tarsus. In addition, Michaud andndividual or population level could be responsible for the
Leonard (2000) demonstrated that long-winged nestlinggliversity in patterns of intraclutch egg-mass variation ob-
fledge before short-winged nestlings and suggested th&erved in birds. Confirming these ideas, Ardia et al. (2006)
there is a risk for short-winged nestlings to be left behindfound that egg mass and egg composition in tree swallows
when larger siblings fledge. Similar findings were obtainedwas highly influenced by a combination of environmental
by Johnson et al. (2003) when investigating the fate of lastconditions, food availability, female quality, and allocation
hatched offspring in tree swallows. They found that size-trade-offs during the egg-laying period. Taken together,
disadvantaged nestlings gained mass and grew their primaﬁ)ese results seem to indicate that females have little control
feathers more slowly than their earlier-hatched nestmate®Vver resource allocation to individual eggs within the same
and, as in our population, they also observed that lateclutch and that adaptive explanations of within-brood egg-
hatched nestlings had shorter primaries just prior to fledginass variation must be invoked with prudence.
ing. Nestlings that hatch first, therefore, seem to outcompete
their later-hatched siblings by prioritizing feather growth asAcknowledgements
opposed to allocating resources to other processes. Sincewe thank M. Krist and two anonymous referees for valua-
length of feathers at fledging has also been found to affechle comments on a previous version of the manuscript. We
postfledging survival in tree swallows, this strategy wouldare grateful to A. Castle and G. Sanders for allowing us

likely increase the nestlings’ fitness (McCarty 2001). access to their properties to conduct field work. This study
. o . was funded by the Natural Sciences and Engineering Re-
Isintraclutch egg-mass variation adaptive? search Council of Canada through an Undergraduate Stu-

Although some studies of passerine birds have shown thatent Research Award to P.-P.B. and a Discovery Grant to
there are fitness consequences associated with egg-mass vatb.D. and by additional funding from the Canada Foun-
iation among clutches (e.g., Styrsky et al. 1999), the effectglation for Innovation and British Columbia Knowledge
of within-clutch variation are less clear. In this study, eggDevelopment Fund.

© 2006 NRC Canada



1726 Can. J. Zool. Vol. 84, 2006

References Mayoh, K.R., and Zach, R. 1985. A new method for matching

Ardia, D.R., Wasson, M.F., and Winkler, D.W. 2006. Individual Mclz;a;(r:thllnjg;Wzlt(?otlhe\l;a(?%?;n(:iﬁndgxtﬁooa_sgslﬂin tree swallows
quality and food availability determine yolk and egg mass and Y, 2 : 9 9

egg composition in tree swallowEachycineta bicolor. J. Avian ggir.olsos 1”&22;%'&?_28%2;85ffg[t('ﬁl;;{a/lg'ONT 2 (} 7CGO_.1290'
Biol. 37: 252-259. do0i:10.1111/j.2006.0908-8857.03624.X. . : 12.0.CO:2.

Arroyo, B. 2002. Sex-biased nestling mortality in the Montagu’s Michaud, T., and_ Leonard, M. 2000. The_ _role_ of de\_/elopment,
harrier Circus pygargu. J. Avian Biol. 33: 455-460. doi:10. parental behavior and nestmate competition in fledging of nest-

1034/j.1600-048X.2002.03028.x. ling tree swallows. Auk,117: 996-1002. doi:10.1642/0004-

: : Do 8038(2000)117[0996: TRODPB]2.0.CO;2.
Bidwell, M.T., and Dawson, R.D. 2005. Calcium availability limits . .
reproductive output of tree swallow34chycineta bicolor) in a Monros, J.S., Belda, E.J., and Barba, E. 2002. Post-fledging survival

i . 5 . ) of individual great tits: the effect of hatching date and fledging
ggggg‘ggg?ﬁ%&‘g;ﬁg?g 'ALAF;”OG'(%?'Z 200254 dor101642/0008- 6. Oikos9o: 481-488. doi: 10.1034/.1600-0706.2002.11909.x.

Briskie, J.V., and Sealy, S.G. 1990. Variation in size and shape Olf\leuenschwander, S'_’ Brin_kh_of, M'W'G". !(olliker, M., and Richner,
least flycatcher eggs. J. Field Ornithéll: 180-191. H_. 20_03. Brood_ size, S|bI|ng_ competition, and the cost of beg-

Christians, J.K. 2002. Avian egg size: variation within species and glng n gre;eg Ets Rarus major). Behav. Ecol.14: 457-462.
inflexibility within individuals. Biol. Rev. (Camb.)77: 1-26. 0i:10.1093/beheco/arg025. . o

Cichon M. 1997. Egg weight variation in collared flycatchefs Noruss, M.J. 2000. SPSS advanced statistics user's guide. SPSS

cedula albicallis. Ornis Fenn74: 141-147. Inc., Chicago. ) . . .
Cichoh M., Dubiec, A., and Stoczko, M. 2003. Laying order and Parsons, J. 1970. Relationship between egg size and post-hatching

offspring sex in blue titsParus caeruleus. J. Avian Biol. 34: mortality in the herring gulll(arus argentatus). Nature (London),
355-359. doi:10.1111/j.0908-8857.2003.03201.x. 228:1221-1222. doi:10.1038/2281221a0. PMID:5487258.

Clotfelter, E.D., Whittingham, L.A., and Dunn, P.O. 2000. Laying Perrins, C.M. 1970. The timing of birds’ breeding seasons. Ibis,
order, hatching asynchrony and nestling body mass in tree swal- 112: 242-255.
lows Tachycineta bicolor. J. Avian Biol. 31: 329-334. doi:10. Robertson, R.J., Stutchbury, B.J., and Cohen, R.R. 1992. Tree
1034/j.1600-048X.2000.310308..x. swallow. In Birds of North America. No 11Edited by A. Poole,

Dawson, R.D., and Bidwell, M.T. 2005. Dietary calcium limits size - Stettenheim, and F. Gill. American Ornithologists’ Union,
and growth of nestling tree swallows in a non-acidified landscape. ashington, D.C., and Academy of Natural Sciences, Philadel-
J. Avian Biol 36:127-134.doi:10.1111/j.0908-8857.2005.03406.x. _ Phia, Pa. .

Dawson, R.D., Lawrie, C.C., and O’Brien, E.L. 2005. The impor- Rosivall, B., Szddsi, E., and Todk, J. 2005. Maternal compensa-
tance of microclimate variation in determining size, growth and  tion for hatching asynchrony in the collared flycatctigcedula
survival of avian offspring: experimental evidence from a cavity albicallis. J. Avian Biol. 36: 531-537. doi:10.1111/j.0908-8857.
nesting passerine. Oecologia (Berlj4: 499-507. doi:10.1007/ ~_ 2005.03458.x. . .
s00442-005-0075-7. PMID:15891832. Rutkowska, J., and CichorM. 2005. Egg size, offspring sex and

Hargitai, R., Took, J., Tdh, L., Hegyi, G., Rosivall, B., and Sko ha@ching asynchrony in _zebra finr_:hé'aeniopygia guttata. J.
I6si, E. 2005. Effects of environmental conditions and parental Avian Biol. 36: 12-17. doi:10.1111/j.0908-8857.2005.03469.x.
quality on inter- and intraclutch egg-size variation in the col- Saino, N., Romano, M., Ambrosini, R., Ferrari, R.P., and Maller,
lared flycatcher Ficedula albicollis). Auk, 122 509-522. A.P. 2004. Timing of reproduction and egg quality covary with
doi:10.1642/0004-8038(2005)122[0509:EOECAP]2.0.CO;2. temperature in the insectivorous barn swalld¥irundo rustica.

Johnson, L.S., Wimmers, L.E., Campbell, S., and Hamilton, L. Funct. Ecol.18: 50-57. doi:10.1046/.0269-8463.2004.00808.x.

2003. Growth rate, size and sex ratio of last-laid, last-hatchedlagsvold, T., and Lifjeld, J.T. 1989. Constraints on hatching asyn-

offspring in the tree swallowTachycineta bicolor. J. Avian chronyandeggsizeinpiedflycatchers. J. Anim. Es&I837-849.

Biol. 34: 35-43. doi:10.1034/j.1600-048X.2003.02950.x. Slagsvold, T., Sandvik, J., Rofstad, G., Lorentsen, &d Husby,
Krebs, E.A. 1999. Last but not least: nestling growth and survival M. 1984. On the adaptive value of intraclutch egg-size variation

in asynchronously hatching crimson rosellas. J. Anim. E681. in birds. Auk,101: 685-697.

266—281. doi:10.1046/j.1365-2656.1999.00284 X. Stokland, J.N., and Amundsen, T. 1988. Initial size hierarchy in
Krist, M., RemésV., Uvirovj, L., Nadvorrik, P., and BurésS. 2004. broods of the shag: relative significance of egg size and hatch-

Egg size and offspring performance in the collared flycatcher ( ing asynchrony. Auk105: 308-315.
cedula albicollis): a within-clutch approach. Oecologia (Berl.), Styrsky, J.D., Eckerle, M.P., and Thompson, C.F. 1999. Fitness-
140: 52-60. doi:10.1007/s00442-004-1568-5. PMID:15118900. related consequences of egg mass in nestling house wren.
Lago, K., Johnson, L.S., and Albrecht, D.J. 2000. Growth of late- Proc. R. Soc. Lond. B Biol. Sci266: 1253-1258.
hatched, competitively disadvantaged nestling house wrens reld/ifiuela, J. 1996. Establishment of mass hierarchies in broods of
tive to their older, larger nestmates. J. Field Ornitfial.676—685. the black kite. Condor98: 93-99.
Leonard, M.L., and Horn, A.G. 1996. Provisioning rules in tree Vifiuela, J. 1997. Adaptation vs. constraint: intraclutch egg-mass
swallows. Behav. Ecol. SociobioB8: 341-347. doi:10.1007/ variation in birds. J. Anim. Ecol66: 781-792.
s002650050250. Whittingham, L.A., Dunn, P.O., and Clotfelter, E.D. 2003. Parental
Magrath, M.J.L., Brouwer, L., and Komdeur, J. 2003. Egg size and allocation to nestling tree swallows: the influence of nestling be-
laying order in relation to offspring sex in the extreme sexually haviour, sex and paternity. Anim. Behab: 1203-1210. doi:10.
size dimorphic brown songlariGinclorhamphus cruralis. Behav. 1006/anbe.2003.2178.
Ecol. Sociobiol.54: 240-248. doi:10.1007/s00265-003-0627-y. Wiggins, D.A. 1989. Heritability of body size in cross-fostered tree
Magrath, R.D. 1991. Nestling weight and juvenile survival in the  swallow broods. Evolutiord3: 1808-1811. doi:10.2307/2409396.
blackbird Turdus merula. J. Anim. Ecol.60: 335-351. Wiggins, D.A. 1990. Sources of variation in egg mass of tree swal-
Magrath, R.D. 1992. Roles of egg mass and incubation pattern in lows Tachycineta bicolor. Ornis Scand21: 157-160.
establishment of hatching hierarchies in the blackbiFdrdus Zach, R. 1982. Hatching asynchrony, egg size, growth and fledging
merula). Auk, 109: 474-487. in tree swallows. Auk99: 695—-700.

© 2006 NRC Canada



