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\]Aspects 6f the nesting ccolovgy of the ‘Eastern . Bluebird~
. r - .
N ' rs
(Sialia sialis) were studied during 1984 and 1985, Am“analysis ot

~

’
egg measurements revealed that clutch® size is significantly
. Y

2

correlated with ~egg length (p < 0 001), width (p < 0.01) and

. » ~ \ ., N
weight (p < 0.001). Egg size decreased as clulch size decreased.

Hatching success and.egg width were significantly oorrclated/hln:
. . ) :

1984, with =~ wider eggs being more likely t? hateh. - Thiss

relationshi * did not .exist in 1985H.- Fggs 1n 19084 Ware

v .
~

significantly (p < 0.001) wider than eggs in 1985, but eug

/

lengths were the same in both years Egg sizés for the study area

A Y ‘ -
) 4
were similar 'to those recorded in the literature.
Linear measurements and weyghts of nestlings were compared

v 3 .
for +thouse surviving to fledging and those dying during  the

nesting period. There were no significant differences in tarsal,

. v

antebrachial, bill or 19ngest primary Jlengths and nestling

weights at the ages of 0 and 4 days, but by 11 days of  age

survivers had significantly higher measurements {Han non-

] o N

survivors. Growth rates for all birds were calculated using
i B %

Ricklefs’® (1967) method. Survivors had significantly higher
growth rates than non-survivors Mean growth rate for 1984 did

not difger~ significantly from-1985. There was no gsignificant

difference in growth 'rates for different brood sizes. Growth

rates for the Eastern Bluebird in the study area'were similar to

those recorded in the literature:
-~ 1

ii’
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« « L’écologie de la nidification du Merle Bleu (Sialia

5) a _ été étudié au cours des étés 1984 et 1985. Des

I3 M ‘

joe

sial

analysés  de  varjance ont montré une association significative

N\
entre v la, taille de la couvée et la longueur de 1’oceuf (p <

0 0ol), Ia ]nrgeur de 1'oeuf (p < 0.01) et le poids de l1’oeuf (p

N v

< (0 001) La tallle des oecufs a diminué avec une diminution de la

N -

taille doe la couvée n 1984, une relatﬂpn significative a
N

. .
toutetfols été  établie entre la largeur de l'oeuf et le succés

d'éclosion. Les oveufs les .plus larges ont en un plus haut succeés
Ad'éalosion. Cette relation n'a pas été trouvée en 1985. Les oeufs
) N

cLajent  sipgnificativement (p < 0.001) plus larges en 1984 qu’en

- a

1985, mais 11 n'y avait! ancune différence entre les longueurs.
’
~ . ) < '
Ly dimensionsy des ogufls recueillis au site étudié sont
’ - &

semlflables aux valeurs présentées dans la littérature.

Les  mesures linéalires et les polds ont éte comparé§ entre

les oisillons qui ont survécu jusqu’'a leur premier envol et ceux
L4

Y

o

. . P oL . 24z
qui sont morts au nid.  Aucune différence significative n'a été

tronvée entre ces deux groupes lorsque les oisill?hs sont agés de

~

w

. - . o Yo7 \
0 ou de 4 jours Foutefois, lorsque geux-ci attelgnent 11 Jjours,
leg olsillons gul  ont.survécu étaient significativement plus

n
prands Les courbes de croissance ont été calvulées a partir de

Ja formule de Ricklefs (1967). &es oisillons qui ont survécu
. N

avaient 'un taux de croissance significativement plus élevé que

[
les  autres. Par cofitre, les taux de croissance n'étaient pas

1

différmdﬁé é@tre 1884 et 1985 et ne varialent pas en fonction de

- /
P . M

n
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General Life Bistory 4
The EKEastern Bluebird RSialia sialis) of the thrush family

{ ~ .

Tardidae s nativé to North America, breeding in every state

<]

and province east of the Rocky Mountains except Newfoundland
(Zeleny 1976). 1lts range, inciuding breeding andcﬁinéering areas,
extends from southern Canada south to the West Indies and
Nicaragua. Bluébi;ds are migratory. During the sp¥yng migration.

/
they fobllow the warmer temperatures north, arriving in their

.breeding areas in February or March. The fall migration route is

A}
difficult to define. Some Eastern Bluebirds spend the winter as

far north as Foint Pelee and Toronto, Ontario, but most w}nter
from the north-central Unitea States southward (Godfrey 1976).

The wave-like southward migration begins as the insect supply

‘decreases, with the birds‘breeding in Canada moving perhaps to

North Carolina, the Ngrth Carolina birds moving to FKlorida and

the Florida birds movingl to the Qaribbean (Bent 1949, Zeleny

1976). ’ .
Fastern Bluebirds begin to breed as eagly as Februarxy in

southeyn areas such as Tennessee (Laskey 1938) and as late as

v

April in more northern areas such as Michigan (FPinkowski . 1977).

’

Males generally arrive onV%he breeding sites a few days earlier

than the females (Bent 1948). Once a pair bond has been fornied
- N
the male leads the female to potential nest sites and she chooses

the most suitable one after many inspection trips to the site.

-

Courtship feeding of the female by the male takes place prio? to

v '
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nest,construétion and may continue throughout thé nestihg period

(Hartshorne 1962). : oo . -

Eastern Bluebirds are cavity nesters and have been found in

. X . 3 ) , - w )
many diffeFfent types %f holes including tin cans, rural
drain pipes and jars as well as the more orthodox

le
holes in trees and man-made nest boxes (Bent

mailboxes,

hollow fence posts,

1949). The actual nest is cup-shaped and consists of fine dry
' »,
grasses. The interior of the cgﬁ is either l}ned with {finer

-
grasses or is left unlined. The female builds the nest in
‘three to five -days Adlthough males have Been observed Dbringing

2

nesting material to the cavity iHamilton 1843, Bent 1949), they

generally drop' it before entering or exi@ from the cavity

carfying thé same piece of material ‘

Easte;n Bluebirds are usually monogamous, .but polygyny 1is

occasionally observed (Gowaty 1983). Gowaty attributes the

) 2
lmonogamous breeding system-to breqding synchrony among bluebirds

aﬁd to the dispbrsion.of %he nest sites. Gowaty (1983) conducted

an expériment in which males were removed from breeding females.
No differences were found in the number of eggs laid, number of

young fledged and subseguent reproductive success belween paired

r~

and‘%ingle females.

-

Bluebirds often begin, to lay their eggs on the day

following nest comﬁhetion, although several days ‘'to a week may
b .

_ elapse before the first egg is laid. One egg is laid each day,

; \ .

generally in the morning -~ The eggs are usually light blue in

- °

colour, but clutches of white eggs also exist (Laskey 1939).

N\ .

The .

{




average slze of 50 eggs measured in the United States National

Muzseum in Washington D.é. was 20.7 mm X 16.3 mﬁ. The longest,

widest,, shortest and narrowest eggs measured 22.9, 17.8, 17.8 and

DR 71

1H.2 mm respectively. Clutches usually consist of three to six
apps, with Tive being the most common (Bent 1949). In areas where
o
2,
two clutches are laid the second clutch often has one egg less

than the first Incubation begins with the'ya§ing of the last egg
and lasts for 12 Lo 13 days (Bent 1949, Hartshorne 1962, Zeleny
1876). Although 50&@ authors have reported that Aales partiqipate
in incubation (Smith 1937 in Laskey 1939, Bent 1949), Hértshorne
(1962), founq that a &a]e may sometimes sit on the eggs for a few

minutes when the female has left the nest, but he is incapable of

P

providing enough warmth to incubate. This statement is based on

an overnighl observation of a male sitting on the, eggs. All the

~.

N

egps were cold in the morning. * .

The eEES almost always hatch synchronously, but
. \

occasionally one egg will hatch a day later. Both. parents feed
the young although 'the :female makes more trips to +the nest

(Pinkowski 1978). According to Pinkowski (1878), recentl§ hatched

young are fed soft prey items. such as spiders and Lepidoptera

larvae As they grow, Orthoptera and earthwormstalso begin *to

é - 1 k )
forpdw pavt of  their diet. Fruilts are fed only very rarely

(Pinkowski 1978). The feeding rate increases as +the nestlings
matutre, then declines shortly before fledging (Pinkowski 18975).
. . , :

Ea&tern Bluebird nestlings remain iﬁ‘the nest for 15 to 20

days (Zeleny 1976). When they emerge?® from the nest cavity bhey

»
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. | [ \

fly to the nearest trée where they may remain for several days.
Bluebird fledglings-are not iAdependent upon lecaving the nest.
Tﬁey are taught to forage mainly by the male, although the female
participates *to a limited extent. The male feeds Lhe fledglings
q until they become igdependent while the femaRc builds a neust for
the next brood. Indegendence is achieved a week to Len days after
fledging (Zeleny 1976).
The Eastern Bluebird has been found to raise at ]eashvztwg ’
broods per year throughout most of its range (Peuﬁull ]970;
Pinkowski 1975). In some southgrn areas such’as Tenn;sscc‘it may
even be triple-brooded (Laskey 1943) Bluebirds in the northern
- - part of thelr range may rai;e only one broé% per season Peakall
‘(1970) found that bluebirds ére single-brooded in Canada, triple-
brooded in the central paét of their range and doublu"brouded in
the extreme south The length of the breeding period appears +to
coincide with the highest greeding density, which is in  the
centrarwpa;t of their range
Feeding techniques and diet of bluebirds have bheen
described by Bent (1949) and Pinkowski (1978). Insccts form the
main part of thq bluebird’s diet. Bluebirds 5e§rch for their prey
by scqnnihg the ground from a feedibg perch,' When a likely iteme
has bégn spotted the bluebird drops to the ground. The prey is
either consumed on the spot or carried back to' the perch. If
vegetation in the area is too high, bluebirds alter their feeding
technique . toward gleaning or aerial captures. As insectc become

scarcer towards fall and winter, fruit becomes more important in



3 .
J) s ) .
the diet. . Bent (1949) stated that Eastern Bluebird food consists
< -
of 68% animal and 32% vegctable matter, Orthoptera being the most.
important. prey items., Lepidoptera, Coleoptera, , Hymenoptera,

Hemiptera and spiders are also consumed. Pinkowski (1978) found

the same items in his analysis in Michigan, but Orthoptera were

sccond Lo Lepldoptera larvae as the most important food -Atems.

Lless frequent taxa included Coleoptera, Annelida, Hymenoptera,

Diplopoda &nd-Hemiplera .

e

Fastern Bluebird populations declined steadily thrqughgut
.North America during the past 30 to 40 vyears (Peakall i970,
Zeleny f976) This oocuérence oantbe traced to mans’ activities.
Favourite biuebird habitat consists of open fields sﬁrrounded by
fence posts, shrubs, trees or Bstumps. Apple orchards are also
prefarred sites ﬁBent 1949, Zeleny 1976). Many of these areas
have Dbeen modified so theyeare noe longer suitable for bluebirds.
Favourite nesting sites once included holes in rotting trees and
old wooden fence pests. —Modern -agricultural practices have
dictated +the clearing of vrotting trees (Bent 1949) and ' the
replacement of the old wooden fence posts by the less expensive
and more durable metal ones. The reduction in the number of

available nest sites has led to fierce competition among the

cavity nesters. Bluebirds have been displaced by Tree Swallows

(Tachycineta bicolor), House Wrens:(Troglodytes aedon) and the

t

introduced European Starlings (Sturnus -vulgarls) and House

’ The establishment of "Bluebird traals"” has somewhat




¥

alleviated the problem of nest-site ‘competition Nest boxes,

readily accepted by cavity nesters, have been set up  all  over

eastern North America At first, competition remained a problem
¢

for bluebirds as the preferred sites were often occupied by moro

aggressive Tree Swallows. However, setting up the boxes in palrs

with about 3 m between them climinates this difficulty Tree
Swallows will not nest Sext to each other, but will acceptl
bluebirds as neighbours. The same is truce of blueblrds Halt &f

the box?s are thus potentially available for the bluebirds

Starlings can easily be excluded from the boxes by  making  bLhe
entrance holes too small for them House SPHYF;WS rom%inh a
problem. They will build a ncst on top of a blueblrd neat,
containing eggs or ki@l bluebird nést}ings and often their
parents too (Zeleny 1976). Nest site defence by the male bluebird

is generally timid Some males dive towards perceived intruders

to their nests while snapping their bills, but  others simply

2

a

remain in nearby trees and give warning calls (Laskey 1939)
Eastern Bluebird populations have been incréasjng

gradually since the establishment of the Blucbird trails and more

detailed gtudies of their biology may provide information

facilitating their restoration to former levels of abundance,

Zeleny (1978) stated that migratory flocks of Eastern Bluebirda

once consisted of several hundred 'individuals, but now there are

usually fewer than 20 in a flock.

-
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Measurements of Growth.
i

Growth data usually consist of measurements df length.or
mass of different body parts _(Ricklefs. 1983). Lack (1968)
proposed  that growth rates result as a balance between- the fast

srowbth  necessary to reduce risk of predation and slower growth

"t

4

that «llows parents of altlricial .young to raise larger numbers.

Rioklefs (1984) agreed that variation in altricial growth rates

- ) T, . . '
may be explained by the above hypothebid, but retained his former

stand (Ricklefs 1968) that altricial and ppecocial young grow as

¢ [ ~

fast, as possible within the physiological constraints on tissue

-}

growth. Frecocial species grow more slowly because their tissues
are more moture than altricial tissues and the rate of cell
dlvislon declines as btissues mature Avian nutritional

requirements and the length of the pre-fledging period depend on

the growth pattern (Sedinger 1986).
- g

The easiest and perhaps the most comprehensive way in

which to 1look at growth is to look at the relationship between

A\l

nestling weight and age. Growth for most birds is sigmoidal

(kVCgpnor 1984). Rateéd of weight gain are small at- first, then

~

t hey increase and finally level off at a welght close to that of

. the adult In some species the leveling off may occur long before

the adult weight has been reached (0O’ Connor 1984).
, A basiec ¢ assumption’ underlying interspecific
comparisons of growth is thal each species has a characteristic

and #inherent growth pattern (Ricklefs 1967) Ricklefs (1967)

developed a graphical method for calculating growth parameters by
%

S
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\\\ creating growth curves using .body welghts. Intraspecifico

1

comparisons of growth patterns may help to show up differences in
the inherent growth pattern and this may give c¢lues .Lo the
v . n

nutritignal state of the growing organism \
‘ [l
The basic technique behind Ricklefs’ (1967) graphical

.
v

method is that the raw body weight data are vreplaced by
e - -~ . N v
conver§ion factors, transforming the sigmoid pgrowth curve to a

' st¥aight 1line.- The slope of this line }s proportional  to the

e

overall growthh rate. Rather thgn ;ftting a curve exactly 1o

\ c&mplex growth data, Ricklefs (1967Y¥ prebenps three  general faed

>
i

equations Whili these ‘equations give a more generalised it

they are _ better for comparative purposes brecause {fewer

)
.
independent variables are involvgd than in precise equatlions

have any biological significance or be realistic models of  tLhe

growth process; but they can be used for roligblu intra- and
interspecificocompérisons (RipkLefs 1967)

The three curves mentioned above .are the ]oaist}c, the
Gompértz and the von Bertalénffy. ﬁﬁﬁ% differences between  the
three curves are as follows. The inflection poluts of the
légistic,  the Gompertz and the voﬁ Bertalanffy curves ocaur when
"50%, 37% and 30% respectively of the asymplotem have  been
reached. The growth rate is slowed and prglonged in relatively

later stages of growth jn the Gompertz and von Bertalanffy curve:s

as opposed to the logigtic curve (Ricklefs 1367).

'

~/

Each cquation has only one rate constant. ' The equatlons may not

1 o
:g Ricklefs (1968) .found that the growth data of  most -

«
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passerines fit the logistic curve. He presents the logistic

Y
' )

cyuations ay follows

-

Cumulative growth (W) '0 . . a,
1+be-Kt
’ &
Absolute grovth rate (dW/dt) KW(1-W)
g \
kelataive prowth rate (1/W . dW/dt) K(1-W)_
Inflection point (Wi) "1/ .
whire. . , -
W welpht of growing organism P
a ~ {final weight (asymptote) achieved
K — coustant proportional to overall growth rate
© - base, of natural logarithms
b - constant which Lranslates time axis such that time t is equal
= 1 for logistic equation

to rmero at, the inflection point b

whose gréowth curves are fitted by the same equation can

[

Species

bhe  compared using the value+-K, gsince K is independent of body

-

®

sine.
These egquations describe the body weight as a function of

Conversion factors are substituted for weight to transform
! %
the curve Lo a straight line. Derivations of the egquations used

Lime.

Lo oblain the conversion factors are found in Ricklefs (1967).

Ricklefs (1967) described the technique for ‘using the

growth equations in six fairly simple steps. The first one is to

estimate the asymptote, or final weight, of the growth curve. The
. /

1

values for growth are then calculated as percentages of the
) “~ -

4 . .
ast.imated asymptote. The: conversion factors corresponding to

these percentages can be’read from a table presented by Ricklefs

(1967). These factors can be plotted as a function of %ime. If a
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straightf}ine is obtained, at  least through the lower half of the

'

graph, the equation choscn is appropriate. If the relationship is
straight through the lower half of the graph, but rises or talls
off sharply in the upper half, the estimate of the asymptolLe may

have to be refined. Once a straight line has been obtalned the

slope is measured. Thes slope is divectly proportional to the rate
N

constant, K, of the growth equation

Ricklefs (19671 also presented a formula which can be usad
for interspecific comgarisons of species with different pgrowlh
equations. The amount of time needed to complete a certaln amount™

of growth is calculated. The standard time interval used is the

time needed to complete growth from 10% to 90% of the asymptoto

\)

It is calculated by the formula tio-so = g0~ Ciro
- dW/dt

C represents the conversion factor for the appropriate cquation
This is a reclprocal of the growth rate and varies directly with
the temporal features related to growth such as lenpgth  of

incubation and nesting periods. .
rl

The logistic, Gompertz and von Bertalanffy models are

quite specialised because they have fixed infleckion points.‘

Richards (1859) developed a model encompassing the three
mentioned above. The Richards model has a variable inflection
point specified by the shape parameter, n. The logistic model is
represented by anw®n of 1. An n value of or close to O reprcesaents
the Gompertz model and an n value of -0.3 represents tLhe von
Bertalanffy model . Tﬁe Richards model is often c¢onsidered
superior to the other three because of its flexibility and

\

.
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.

bucaus? the subjectiveness involved in Choosing'one of the other
three is eliminated (Zach et al. 1384). bonversely, a drawback
to the Richards model is that it is more complicated to use.

chh et al. (1984) compared the Richards model to the
]gaistic, Gompertz and von Bertalanffy models. Daily body masses
and primary feather lengths of Tree Swallows were used as test
data  No significant "difference between the Richards and the
lmﬂ\ﬁtlc mpdcls ‘was found for body mass. Because the Richards
model has rarel; been used in the analysis of growth curves, Zach
éh al (1984) were n?t able to properly evaluate the usefulness

of this model. Tree Swallow data do not indicate clear

supariority for any of the three models. ¢
1 i 1 'y

Several usgful indices through which furtheﬁ‘analyses can
\

be carried out are obtained from growth models. The +two main

indices are the growth rate constant and the asymptote. Other

-indices include the time needed to reach 99% of the asymptote tand

the time required for growth between 10% and 390% of the asymptote

(Zach ¢t al. 1984). These values permit intra- and interspecific

comparisons which may lead to a more thorough understanding of

avian ecology. \ E
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) Introduction )
Studies concerning intraspecific variation in ldying
Q
\ \
datés, "clutch sizes and egg sices (e.g. Kendelgh et al., 19586,

Coulson et al. 1969, Howe 1976, Murphy 1978, Batt and DPrince
1979) -have been conducted on many species. Intraspecific
variatioﬁ in laying dates of .the*Mallard (Anas QLQnyanQhos) mHy

result from adaptation to local ecological conditions (Batti and

Prince 1979). Individual consistency may be due to a differential

ability to find food (Perrins 1970). No «clear relationships

between clutch “and egg sizes have been found. In a stﬁdy by

Kendeigh et al. 1956) larger clutches of House Wren egEs Were

found to have larger eggs within each clulch sequence.  No
significant differences in the average length, width, shape or

calculated wvolumes were found between eggs in  different size

’

clutches, but larger clutches contained heavier eggs. The authors
were unable to explain the biological meaning of this. Howe
(19768} found that mean egg weight per clutch of the " Common

Grackle (Quisgscalus guiscula) did not vary significantly with

4 N

clutch size, bubt he hypothesised that a larger sample might have
shown a reduction of mean egg weight in larger - clulches. The

conclusion reached by all authors above is that genctic control

o

is an important factor in laying dates, clutch size and c¢gg size

Detailed studies of these three factors in the Eastern Bluibird

have not been conducted.

&

Muh can be learned about the adaptive significance of
&

growth' patterns by looking at intraspecific variation (Ricklefs

\

-

~C
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1069) .« Growth may be affected by various conditipns. Time of year

may have a different effect on different species. Ricklefs (1968)

ualculatcd growth rates for European Robins (Erithapué _%ybecula)
muasbréd by Lack and Silva‘(1949) in Oxford. Late broods grew
faster than early broods. Early and late broods of the Great Ti%
(Farus major) in Oxfgrd (Gibb 1950 in Ricklefs 1968) and the
Eur&penn Starling in  Czechoslowakia (Hudek and Folk 1961 in
R}cklofs 1968)=»prew at the same rates. However, . the asymptotes
for late broods of all three species mentioned above were lower.

The same results were found for exceptionally early broods of the

Woodpigeon (Columba’ palumbus) (Murton et al. 1974).

L4

Geographic location .may also have an effect’ on growth
rates (Ricklefs 1968). European Starlings in Scotland grew 4%
nmore  slowly Lhan those in Czechoslovakia (Dunnet 1955 and Hudek
and  Folk 1861 in Rickle 1968). Chipping Sparrows (Spizella

1837, Walkinshaw 1944 and Dawson and Evans -1957 in Ricklefs

19883. Yellow-Headed Blackbirds (Xanthocephalus xanthocephalus.)
grew  26% more slowly in Utah than in Washington (Fautin 1941 and
"Willson 1966 in Ricklefs 1968). “

Growth ‘may be affected by brood size. Broods of five
Euyopean Robins grew faster than any other brood sizes (Lack and
Silva 1849) Single Woodpigeon young grew 14% more slowly and

‘

attained 10% higher asymptotes than Woodpigeons in broodg of two

(Mur%on el al. 18974). Young in large Dbroods of “the Pied

Flycatcher (Muscicapa hypoleuca) were lighter than those in

- T 7 6’
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smaller Dbroods. Crossner (1877) found that growth rates for

smallerd breods of the Europcan Starling were hipher than  tLhe

rates for artificially increased broods as long as tlie amount. of
food available was Lhe same for all brood sices. - However, large

broods provided with extra food increased their growth rates to

the levels of the smaller broods .

Despite all the factors that may affcct g‘%wth rabeg, Lhey
’ ¢

'

51111 remain surprisingly constant for each species. hLack and

Lack (1951) showed that young of the Common Swift  (Apus apus)

'

suffer under conditions of fluctuating food availability not only

through welght loss, bul also in ]inqur dimenslions auch as wing

2

length. However, the rate ofﬁgrowth, which is proportional to the
slope of +the +transformed growlh’ ™ curve, apparently  remuaing

1
constant. It 4is only the magnitude that changes. Unless severe

~

starvation takes place growth rates remain the same.
Growth of a wild population of Eastern Bluebirds has mot

been  studied in great detail. Pinkowski (1975) measurcd and

2 ‘
“~

ohserved thEiyoung of bluebirds from a Michigan population lkept
in captiviiy. He calculated the growth rate wwsing the method
described by Ricklefs (1967) Hamilton (1943) mcasured three

broods in New York and Gowaty (1983) exumined a few broodis in

Southi Carolina. Ricklefs _$ﬂ968), using data from two  of  the
. £ .

broods meaoured by Hamilton (1943)< caleculated the growth rate for

the [LFastern Bluebird. His value of K = J.484 is quite cluare Lo
o4 ' )

that of Pinkowski (1975) who calipulated a rate of K = 0.488 for

his captive broods.
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The , purpose of this sgudy was to gather information about

+

aspects of the Dbreeding ecology of the Eastern Bluebird in
sonthwestbern  Quebee and  to maﬁe comparisons with the studies
p ’ «<

mentioned  above Comparing aspects of the life history of the

Iasbeern Bluebird in Lthe Hudson-Rigaud region of Quebec to  those

of Fastern Bluchirds in other geographical areas may show whether .

hhvfw are  Lignificant differences between areas. The most

:

suitable  repgions in which to concentrate efforts to re-establish
» 4

Iastoern  Bluebirvrds may be found and it may also be determined
A@ N ®
whe-ther thelr decline is perhaps a natural one Their preferred

habitat is man-made and it is possible that populatians increased
Sl

Lo unnatural levels as land was cleared by settlers. With the
@

?
increase  of urban areas and a subsequent reduction in favourite
’ ¢ v

) L4

bluehird habitat the population levels Nay be returning -to. what

a .

Lhey OHUG WETe. . K
Thes ijut rart of this‘study dealt with examining " egg

measurements The purpose of this was to see whether egg
mensurenents arce affected by varying external conditions. Several
researceh questions were developed, including whether: .
1). egg size will remaln constant regardless of’clu&ch ,

size \
2) egg siie will be the same in 1984 and 1985 .
3) the size of ¢ggs that hatch will be thensaquaé that

of egaps that,do not hatch” '

<

4) . egg size for southwestern Quebec will be the -same

as  egg sizce recorded in the literature for more

Y

o
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. > southern latitqdes . - ‘L\_ .
The second part of‘this~study dealt with the growth of the
. : N ‘ v ~ -~
Eastern Bluebird. The aim was to determine factors that might

affect growth rates-of this. species. . The hypothesis to bg tested g v

' ®
was that growth rates of the Bastern Bluebird will vary under

- changing external conditions. "Predictions arising from thig

\

hypothesis were: . o
. 1) Growth rates wiliqbe 1qyer for individuals in larger
N broods. o °” ) N , \ .
¢ . 2) Growﬁh r;tes will differ for 1984 and 1485

young. . .
Ixternal conditions such as temperature and fdéod

availabilit& are vuanlikely +to be identical 1in two

'

breeding seasons.. and growth rates may reflect these

differences-

3d) Growth rates for Hudson-Rigaud Eastern Bluebirds will

T

differ from those recorded in the literature -for

N . New York affd Michigan. .
The last aspect of growth rates }ooked gt Wwas a.compgrison
Between Lhe growth rates of young surviving to fledging and  the

growth rates of young dying while still in the nest. It would be
expected that non-survivors would have lower growth rates-because
they are dying of factors sucﬁlas starvation or disecase:. The
résearoh question was whether growlh rates of young surviving to

fg fledging will be higher than those of young dying while still in

the nest.
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) Study Area

The study waé conducted\in the Hudsbn-Rigaud area /of

sou}hwestern _Quebec (45°25’N;T74°17'W) (Fig. 1). © Covering
approximately 50 km2, Vaudreuil county consists mainly of flat or
gently rolling land lying at an elevation of 42 m = 680 m_ above

) 3ca level. The highest spot in the area is 200 m high Mont
Riéﬁud, located al the western edge of the county. To the east of

the mountain lies the sandy plain of St. _Lazare with anqelevation

of 60 m - 120 m‘abéve sea level. Riviére Raquette, one of thregr

main rivers in the county, drains into the Ottawa River at the

.narthern border of Vaudreuil county (Lajoie and Stgbbe 1951).

The soils of Vaudreuil reflectrtheir glacial origin and
their subsequent submersion by the Champiain Sea. ‘The +till
déposited by the glaclers consists of particles of ’all siéeé,
from the tiny clay and lime’ to thecmuch larger sand and gravel.
Much of the acidic so0il belonging to the Podsol and prwn
Podsolic groups was formed from rocks 'not containing any
limestone (magnesium carbonate and calcium carbonate). Features

of the vegetation and climate have further contributed to the

acldity of the soil through the promotion of leaching of soluble -

4

elements (Lajoie and Stobbe 1951).

"~

: The climate of the Vaudreuill area can be classified as
temperate and quite moist. The,vegetapion consists mainly of

deciduous jtrees such as Red Maple (Acer rubrum) and ash (Fraxinus

éi ) spp.) mixed with Red Oak (Quercus borealis), White Birch (Betula

papyrifera), some pine (Pinus spp.) and Fir (Abies balsamea).
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Figure 1. A map of the study area,” including towns around which .
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bluebird boxes were set up. .
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The whole region is primarily)agricultural (Lajoie and
Stobbe 1951), which gonstitutes ideal breeding habltat, for
bluebirds (Zeleny 1976). The Provinde of Québec Society for  the
Frotection of Birds (PQSPB) has set up 66 nest boxes on fence
po§ts surrounding various fields such that there Lg at least one
tree within 25 m The dimensions of the hoxes are 13 X 13 x 256
cm. Starlings cannot fit through the 3.8 ¢m enlLrance hole as

recommended by Zeleny (1976) ?ho boxes have been sel up in pairs
approximately 3 m apart to reduce competition for Lheﬁ‘from the
more aggressive Tree Swallows

The study area comprised various agricultural flelds,
either cultivated or used for - livestock. Bluebirds used six
different fields. The f&eld with the densest population  of
bluebirds was a cattle pasture with a fairly sbLeep slope leading
down to a field in which hay was,cut‘\twice each  gummer. The
dominant Qegetation consisted of various grass specles (IPoacea)
interspersed with Birdsfoot Trefoil (Lotus corpiculatus).  Small
deciduous trees and shrubs like Slaghorn Humac (uhﬁg typhina)
and hawthofns {Crataegus sp.) grew aroung the perimeter of  the
field. Soil in this area has been classificd as  Rigaud stony
gravelly loam which is developed on till and derived mainly from
quagtzite and gneiss. It belongs to the Great Joil Group df Brown
Podsolic soils. Thirteen nest ' boxes were set up around thiq&
field.

The sécoﬂd and third fields were level and fairly <stone-

¥

free and surrounded by a mixture of coniferous and deciduous
\ o
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Lroees The soill -wad Ste. Rosalie clay in the second field,
Lelonpging  te  the Great So1l Group of Hydromorphic soils. St.
N »

Amable lowmy sand from ithe Groundwater Podsol soils, found in the

third fi1eld, originates from sandy alluvial deposits ove; c%ay.

Hny was cut in the second field once each summer. There were ten

boxes sel up around the perimeter. The third field, surroundedmby

cipht  boxes, was used several times a week b; a poleo club and
hence had short grass at all times.

' The  very large fourth field was divided into several

sactions and was used to grow alfalfa (Mgdioggo sativa) and hay,

® as well as being a pasture for dairy cows (Bos taurus). The soil
was o well -drained Ste. Sophie fine loamy sand, a light textured
soll  developed on water-deposited and sorted minerals and

-

belonging to the Gredlt Soil Group of Podsols. Fifteen boxes were

. located in Lhis  field which was surrounded mainly by mature

.

conifers (Abies balsamea, Tsuga canadensis, Pinus sp.).

The soil in the fifth field was also Ste. Sophie fine

loamy sand mixed with stones. One side of the field was 1lined

with shrubs and several large ocak trees (Quercus sp.). Hay was
. :

harvested twice each summer Five boxes were mounted on ‘the

ssurrvounding  fence posis. The sixth field was similar, but its
uncut  grass was used by horses (Eguus caballus) It contained
. Five boxes.
LY
14
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- 'METHODS AND MATERIALS

The study todk place from mid-May to the end of July - in

1984 and from laﬁé April to mid- August in 198D, Boxes wore
monitored 1from‘theabeginnfug of April in both yeura. The first
step was to locate all the nest boxes of the PQGFB  "Bluebird
Trail”. Measurement of ﬁhe eggs was the next  Lask, Frior Lo

incubation the width at the widest point and the lenpgth of  al4d

]

1

eggs were recorded using calivers, In 1985 the epgirs were welphed

U

using a triple-beam balance. An attempt to welgh the epps Ln 1984
was abénd&ned because a Pesola spring scale prov;d Lo, be  Loo
sensitive to air currents. Boxes were uhccke% every second  or
third day to minimise disturbance.
An  attempt was made to colour-band  the adult females
while +they sat on their eggs in 1985 It 1is eaﬁily possible Lo
catch the females while they are sitting on their nests Lagkoy.
(1939) found ghat brief handling of the birds did  not  cause
desertion. However, three of the four femalcs banded during early
incubation in the Hudson-Rigaud study did not rethln Lo their
nests, so the banding operatltion was sioupped
Using calipers accurate to 0.05 mm, {he following
measurements were taken on the young bill length, antebrachial
length, tarsal length, length of longest primary, skull length
and weight (Olendorff 1972, Pinkowski 1975). Olendorff (1972)
dofiggd the measurements as follows.

BILL LENGTH - the distance from where the culmen emerges from the

cere to the tip of the upper mandible ns measured



)

{

-~ T

k]

o by the arc from the cere to the tip

ANTERRACHTAL  LENGTH - the distance from the elbow to the wriséﬁ
o ~

\

The elbow was located by finding the
notch bopwoon the distal end of the

humerus and the proximal end of the ulna

TAROAL  LENGTH - the distance from the heel ﬁo the joint between

the distal end of the tarso-metatarsus and the

’
[

third toe
LIENGTIT OF  LONGEST FRIMARY - the distance from where the shaft
giits the 'skin dorsally to the +tip

of the feather

~

M 1

\ ¢
The young usually defecate upon being handled, so weights

recorded  are  without faccal sacs. Weights in 1984 were taken

using  a 5o Pesola spring scale,” but they tended to vary with
v

wind strength. Hence, the Pesola scale was abandoned in favour of

[ize!

a triple-beam balance accurate to 0.1 g and placed in a
cardboard box to shield it from the wind
Originally it was planned that measurements would start

cither on the day of hatch or the day after and’then to tonduct

M .
measurements  every second day. Inclement weather did not always
fillow this, so measuréments were taken as clbse to the schedule
as possible. They were taken at approximately the same time each

&

day (between 8:QO am and noon) in order to keep intervals between -
measurements constant. Data were recorded until the nestlings

were belween 13 and 17 days old.
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All linear measurements were analysed for three different,
Eroups. (1) all young, (2) those surviving to fledging and (3)

the non-survivors. Nearly fledged young known to have died oas a

,

result of predation were included waith the survivors on  tho

v

assumplbion that they were growing normally. The averapge dJdally

itntcrease of cach body part was calculated for the three groups of

?irds. In order to compare the growth of survivors and non-

survivors, a t-test was used to compare the mean lengths on tLhe

day ‘of hatch, age four days and age 11 days, which was  Lhe
highest age reached by nan-survivors. Before the t-tests were

porférmed, homogeneity of variance for the groups at cach apge was
tested using an F-statistic (Sokal and Rohlf 1869)

Welghts were analysed in a munnertjdcntjcal t.o lenpgths and
were also used to calculate growth rates following Ricklefs
(1967) technigue. Growth rates were delermined and analySed for

each individual, for each brood size, for each year, and for

.
-

survivors and non-survivors.
) v
The homogeneity of wvariance of survivors versus non-
survivors was checked. Variances for years were homogeneous, but,

variances for survivors versus non-survivors were not. The: means

of the survivors versus non-survivors were toested for aquality

of means of two samples whose variances arc asqaumed to be unequal

(Sokal and Rohlf 19689). The homogeneity of variance of the
different boxes was calculated using Bartlett's teost for

homegeneity of variance (Steel and Torrie 1380)
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‘ / RESULTS pu
lnih}ation of Laylng, Cluych Size and Egg Sg;e
The: nesting season\started almost one month later in 1984

!
Lhan in 18485, The earliest laying date in 1984 wasy13 May. The

peak  laying period in 1984°took place during the first half of

June (Fige 2). A smaller peak occurred towards the middle of May.

. > 1 . 3 N »
Six of 12 c¢lutches in 1984 consisted of five eggs, and six nests
conbtained  four eggs each. The average clutch size for 1984 was
4 50 + 0.522 (n=12 nests).

The » firot egg of the 1985 season was laid 20 April. The
cnd  of April, Lgo middle'of May and the middle of June were the
main periods of epgg laying in 1985, The secason was considerably
longrer than in 19%4 (Fig 2). Thirteen of the 22 nests completed
in 1985 conbtained five eggs, si% contained four eggs gach and one
cluteh  each of six, three and two eggs were laid. The average
cluteh  size  for 1985 was 4.55 + 0 858 (n:2éd The mean clutch
sice for 1984 and 1985 combined was 4 53 + 0 748 (n=34).

Egg width ranged from 15.00 mm to 17.21 mm with%g mean of
16.08 1 0.543 (n=149). Lengths ranged‘from 19.09 mm to 22.84 mm
with a mean of 21.61 + 0.917 (n=149). In 19885, the lightest egg
welghed 2,45 g while the heaviest egé weighed 3.60 g. _Mean\ egg
welight, was.e 3.05 + O 258 (n=72).

Egg sizes for the different clutch sizes are presented in

Table 1. There does noﬁ appear to be a relationship between tﬁe

~morphological measurements of the eggs in either breeding season.

°

The lightest, egg is no: th shortest nor the most 'narrow. The

- °
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Figure 2. Number of eggs laid per five-day period in 1984 and
LY
« 1985 for the Eastern Blubbird (Sialia sialis) in

southwestern Quebec. ) ’
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Table 1. Average egg sizes for each clutch size for the 1984, 1985 and 1384 +

1285 breeding seasons for the Eastern Blueblfa’(81alla sialis) in
southwestern Quebec -

CLUTCH LENGTH (mm) WIDTH (mm)
SIZE 1984 © 1985 1984 — » 1985
1 .
L
.2 - 23.45+0.54 ( 2) 15.05+0.34 ( 2)
. 3 . 22 09+0.07 ( 3) - ‘15.3810.21 ( 3)
4 20.86+0.77 (23)x 20.68+0.75 (23) 16 40+0.38 (23) . 16.19+0.75 (23)
"5 20.82+1.098 (30) 21.12+0.91 (64) 15 58+0.28 (30) 16.15+0.61 (64)
S . 21 7720 21 ( 8) 16.53+0.27 ( 6)
* average,_standard deviation, (sample size) ’
I N ‘ ~
-~
4

8¢
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heaviest epg 13 neither the longest nor the widest. In 1985 the

5
S f N

TirhLeost, cpp and the widest epg of the season were laid in the
ame box,  bul<nobt in the éamc cluteh., The ﬁeaviest egg and the
narrowest oy were laid in the same two-egg clutch. This was the
soeond uluuuh\of a female which had successfully reared a brood
of fi;u. In 1984 the lungestaggg and the widest egg were laid in
the  same  clubch and both h@tghed. The eggs in all successful
clutches  (clubches  in which at least one egg hatched) hatched

¢7

afLber an incubation period of 12Rto 13 dayo ,

In 1984, neither egg length nor wiéth were correlated with
cluleh size (p o> 0.05). A slgnificant relationship wasr found
betweon hatqhing success and egg width in 1984 (p < 0.058),with
widgr crprn being more likely to hatceh The mean width for
unhatched eggs was 16.39 mm, while those that hatched had 2 mean

- ‘ o
width of 16 L8 mm. There was no significant relationship between

Lhatching success and either egg length (p > 0.10) or clutch size

,

(p > 0.0L).
In 1985, “clutch size was rglated to egg width (p < 0.01).
Hatlhiug success was not influenced by egg length (p > 0.05), eég
width (p > 0 Uﬁj, or cluteh size (p > 0.05). A highly significant

B

positiive relationship (p < 0.001) was found between egg weight

amd oluteh sizce. Both egg length and egg width were positively .

correlated with clutch size (p < 0 05). Hatcﬁing success was not

~

related to egg weight (p > U.05). .

-

A combined analysis for 1984 and 1985 together suggests

that c¢lutch size was sfgnificantly correlated with egg length

-
4

2

4
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(p <« 0.001).and wddth (p < 0.01)," but not with hatching success

(p > 0.05). Eggs in 1984 were signiflcantly (p < 0.001) wider (x

= 16.50 mm) than in 1985 (; = 16.14 mm). There was no difference
' _ &
between '1884 and 1885 lengths. ) 8
P .

Measurements of Young v
Measuremeuts of young and the adult females caught and

.

'

banded are sunmaricsed in Table 2.

S ,
- . - L&

Tarsus Length . .

¢

The tarsus length of young Eastern Bluebirds increased

approximately 3 5~-fold from the day of hatching until the last

-

measurement before fledging. The young appear Lo achieve thelr
full tarsal length before ieaving the nest (T&ble 2). o«

The period of greatest aVe;age dgily increase in lengtlh
occurs between the thi%d and the tenth day of *life (Table 3). The
pattern of overall increase in taréus length for 1984 anq 1985
can Dbe seén in Fig.3. G;owth appears to leéél off between day 8

»

. '» "
and day 11. The largest increase 1n one day was 2.82 mm between b

and 86 days of age in 1985. -

There was no  difference dn the tarsal lengths of  young
survjvihg Fo fledging age and these dying while still in the nest
on  the day-of hatchifg. The same was true for the lengths at 4
days, but by 11 days, the Highest age for which tlicre were non-
surwivors, there was a-significant difference . (L=6.501, df =27 p <

4 R L
0.u01), The tarsi of survivors were significantly longer than

those of non-survivors.

" Ty
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Tasle I Meazurementis of Zastern Sluebird (S1al:s z1alig) adult females and young at hatchaing and just pricq/to
fledging 'day 1€) in couthwestern Quebec [
{ 1
TARAMETER ( AT HATCHING PRICE TO FLEDGING ADULT FEMALTS
RANGE MEAN SE n RANGE MEAN SE n RANGE & MEAN st n
}
Tarsus (mm) 5.321-8 12 7 086 0 73 /_22 18.75-22.384 20.97 1.17 15 21 27-25 18 23 07 1 40 &6
r/\ v — 2
Antebrachium (mm) 5 31.-7/83 689 0 63 22 29 46-30 85 29.28° 1.28 8 .27 22-31 13 *29.18 1398 -5
- A
-y [4 v Al .
B1il {(mm) 2.94-6 19 3.83 0.63 22 6.48-9.50 8 07 0.75 15 11 24-16.60 12.57 204 6
= Ve
Longest primary (mm) 5.24-10.21+ 7 39 1.47 11 45 88-60.31 53.80 4,25 8 72 72=94.45 86.43 8 22 5
N - / * —
3kull (mm 11.12-12.30 +-17 32 0.5? 4 25.41-26.55 25 05 1.65 4 27.10 eeeo ~--=-- 1
' .’ e &£
Weight (g) 1.80-3 g0 2.78 0 54 22 25.9-30.00 27.9 1.37 ] 32 50-32.80 32.865 0 21 2
* first day on which Primary can be measured (day 5) I /,
: g
~ - 1
n /’2 - h . N -
~
" ' } 5 ")
F-3 hens > =
v
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Table 3. Average daily increase in tarsus, antebrachium, bill ‘and longest primary
feather lengths for 1984 and 1985 combined for the Eastern Bluebird
(Sialia sialis) in southwestern Quebec. .

TARSAL LENGTH ANTEBRACHIAL LENGTH BILL LENGTH PRIMARY LENGTH
AGE n INCREASE INCREASE INCREASE n -  INCREASE
(days) —  m) e o e ot e
o 2 ”
1 26 0.79 . 0.27 0.29
o 2 19 1.0a. 1.30 ‘ 0.53 )
3 17 2.53 ’ 2.85 0.52 :
4 21 - 0.90 0.06 . 0.29 .
5 21 1.69 2.95 q*\ 0.50 11, ]
& 16 2.18 ' 2.36 "0.33 - 7 3.09
7 24 1.34 2.50 . 0.69 15 4.01
8 25 0.84 1.6 0.08 13+ 3.81
N n . J
9 20 1.24 2.568 0.17 9 4.66
10 » 19 - 0.81 2.176 0.35 15° 5 22 |
117 . 24 -0.08 -0.46  _° 0.04 17 0. 96 -
12 13 -0.41 n 0.79 I N 72 11 f 95
13 16 1.46 . 1.85 1.15: 12 10. 27
14 20 -1,08 . -0.49 D ~0:37 19 -3.01 .
15 15 0.46 - 1.18 030 11 9.38
16 __& 0.32) . 08 ' 0.00 8 2.87
17 5 0.53 = 0.62 - o '0.39 5+ ° 3.54
18 2 -0.18 . -0.31  -0.44
19 4 -0.80 1,79 -0.31 T
° ) 0
;
? ¢ | L
a o )
¢ ) P
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Antebrachial Length \
Th~ prowth of the antebrachium closely parallels that of
Lhiee Loarous for Lhe tirst eight. days of 1ife. Values for each déy

JVP'VuVy close for the two body parts (Figs 3 and 4). However,

W ler  the  8Lh day  Lhe antebrachium becomes Jlonger than the

: .

taran,.  The leveling off of growth for the antebrachium ﬁ§ less
ohviouws than  that of the tarsus. The most rapid growth 'occurs
e tween  days & and 13 (Table 3) The largeét average increase
GVer e ong day period was 3 94 mm from the 4th ts the 5th day in

> N
1984 Antebrachial prowth appears-lo be complete at the time of
el departure Mdables 2. - .

A two-way “analysis of variance comparing survivors and

non, sarvivors showed that there is no difference in antebraohia%{
\

1

lenpth, a0 and 4 Jdays of age, but Lhere 1is -a significant
difforvnyv at. 11 days (L=4.70, df=27, p < 0.001), with survivors

having lonpger antebrhehl *than non-survivors

Bill Length -
Thé bill length deoes not  increase as  rapidly as
antebrachial and tarsal length (Table 3). It begins to level off
al. about 11 days of age (Fig.5). \_N‘N\\\\ .
A two-way analysis of variance performed on survivors and
noen survivors  showed that there is no difference in bille length

at the ages of 0, 4 and 11 days The largest average increase in

Length in one day was 1 32 mm from 3 to 4 days of age in 1884.
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Figure

Pattern of increase in antebrachial lengtlh
1985 for +1he FEastern Bluebhird (Sialic
southwestern Quebec

The bars represent the range of yalues for

T S R

for 1984

sialis)

cach age.

The numbers represent the sample siz~ for each ape.
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Figure

3

Pattern of increase in bill length for 1984 and 1985
for the Eastern Bluebird (Sialia sialis) in
southwestern Quebec

The bars represent the range of values for each age.

X
The nunbers represent the sample size for each age,
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Length of Longest Primary

41

.

At the age of six days, 1., the day after which the

|

feathers first appear, there is no difference betweon the longest

\

primary of survivors and non-survivors. Ilow«;{m:r, by the age of 7
days a difference has become apparent (L=2.561, dt=19, p ~ 0 45L)
- +
At 9 days there is a significant differcence, with bLhe feathoers of
the survivors being significantly longer than those of the non
_ ~ ”
survivors (t=hH 499, df=-17, p <0 LO1), and at 11t days the

sitgnifrcant difference is still obvious (L-3 042, 4df-20, p <
<

0 01). The periocd of greatesl growlh geems Lo continme until the

age of 10 days (Table 3) The larpest lncrease occurred from 14

to  1H  days of age in 1985 with these primarics 1nercasing  in

length by 11 72 mm

Weight

& v

-

The young birds reach close to adult welpght while ot
1in the necst (Table 2) Weipght increasced very rapidly to an apge of
9 days and then increased at a Jower rate (Fip. 6) The two way
analysis of variance for differences in weight Between survivors
and non-survivors follows the same pattern as for Lhe linecar
measurements. There is no difference. at hatch and at 4 days of
age, but by 9 days there is a significant differcnce (4 6 106,
di=26, p < 0 001) The larpgest weight incrwasoauvvr o one day

period occurred from age 11 days to age 12 days in 1984 4
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Pattern of weipht increase for 1984 and 1985 for the

Eastern RBluehird (Sialia sialis) in southwestern

Quabeac,
e d
e bars represent the range of values for each age.

The numbers represent the sample size for each age.
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Growth Rate . \

The:  growth rates of all nestlings were .calculated for

-~

hoth  field seasons. :Calaulating the rate with an asymptote of

203 ) opave Lhe best line for the data. Ricklefs (1967) method
. ‘. |

involves fitting the best line by eye through the converted |body

. . ] . \
we 1ppht, data The  value™ of 27.35 was chosen by obtaining, the

ave rage of  the  highest welight  attalned by all surviving
individuals Values surrovunding this average of 27.44 g were

tricd until the one giving the longést straight line was

-~

determined. Survivors had a significantly (p < 0.001) higher mean

°

prowth  rate (K = 0.439) than non-survivors (K = 0.300). No

[ ’
Jbrnificant difterence (p > 0.05) was found between the ' mean

-

prowth rates of 1984 and 19856,

-

Ty  compare tlhe pgrowth rates of different brood sizes,
anly  broods  In which all. nestilings reached fledging age were

e

inclnded.,  There was one brood each of c¢lutch sices one, two and
three,  seven broods of four and three broods of five. There was
ne sianificant difference (p » 0.10) belween the growth rates of
the different brood sizes when the mean value for each brood size
wan  used. The average growth rates of each brood size were as
follows 1 K= 0.513, 2: K = @ 469, 3: K = 0.436, 4: K= 0.414
and 5: K = 0.444. A Spearman Rank Correlation test performed on
these five values revealed no significant differences (r = 07, p

?

DL, :

\

[N
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Age at Nest Departure _ B
’ N . * ’ h
Allithough precise ages at  nest  deparbure wero not
v

obtained, it can be said with certainty that no young left  the
nest before the age of 168 days. Most broods (n=7) left aftoer a
minimunm of 17 days of age and at least two bYOCW“IQPfL after a

minimam of 18 days. . b o
« L

Although almost twice as many nests were built in 1985 as
2 7 -

1n 1984, only filve more young were fledged (Table 4).

“

Predators, Parasites and Weather -. ;

Two nests were.destroyed by predators shortly before the
: b

o .
yvoung were,due to fledge Two ryoung were found in the nuegt  box

.

, ‘ .
with broken necks at an age of 189 days The other two members of

the clutch had disappeared, but whelher they were also preyed
upon or whether they fledged is not known. In the second nest
three members of a clutch of five were dismembered in  the ne«t

box. The other Lwo ygﬁng disdppeared. The most likealy predator of

these boxes was a Raccoon (Procyon lotor) The young in two other

-

boxes apparcntly died of starvation after the: - parents

-

disappearsd, possibly as a result of predation by an American

Kestrel (Falco sparverius). The bird was seen close Lo the nest
boxes on several occasions. The young 1n one box disappensred one

by one at one-day intervals. It could not be determined  whether

this was a result of predation or whether they died of di<iéase

and were removed by the parents. Starvation was nol a cause  of

their death Both parents were observed feeding the young. {7

»



Table 4 Ha<ching, fledging, nes<tling and nest success for the ETastern
Pluetird (Sialia sialis) in the Hudson - Rigaud region of
southwestern Quebec. .

e

YEAR o ' 1984 1385 1984+1985

NO. OF NEST 12 N 22 34

NO. OF EGGS LAID 54 - 100 154

NO. OF EGGS HATCHED 30 " 53 83

NO. OF YQUNG FLEDGED . 28 ® 30 55

. ‘ 4

HATCHING SUCCESS (%)* 555 6" 53.0 £3.9 P

FLEDGING SUCCESS (%)+ - " 46.3 30.0 " 35 7

NESTLING SUCCES (%)” ) 83.% 56.6 . 668 3 )

NEST SUCCESS (%)t ’ 66.7 36.4 47 1 )

x¥Hatching succe#s percent of eggs that hatch e

+Fledging success

“Nestling success percent

f##{Nest

[

sSuccess

¢

2

[

young whach hatch

to

fleugaing

'percent of eggs proeducing flédga& young ¢

FLEDGING X 100
HATCH

percent nests which fledge at least on% young

sw

I~

34
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&an; bluebird broods ' were infested with blowfly

J(Calliphora) larvae. These maggots were usually attached to the
tarsi, " but in heavily infested nests they were also on the

- *
abdomen, wings and head of the birds. However, Lhis heavy

infestation occurred in only 2% of the nests and the magpots were

’
v

removed when the birds were two days old. They did noi recur.

[ '

! One entire b{ood pf five died after a day of heavy rain
0 2 o
and cool temperatures (130 C). The _nesting matevial was wel and

|
the young appear to have died as a result of this. The male-

parent was secen at the box the following day, but the female was
N - not‘seen again. ‘ \
{ B
Two predators responsible for the destruction uf GUNs were
"~ House Wrens and House Sparrows One beox exhibited classic signs
of House Wren predation, with five piercéd sggs (Zeleny 1976) and
a House Wren was found in a box 25 m awayi House OGpartrows
destroyed +two bluebird nests by building their own nests on top »
. ' o

.of the bluebird eggs. A _third suspected predator was a Red

Sguirrel (Tamiasciurus hudsonicus). Five broken eggs were  found

@ S

Cd
belo¥ a nest box and a squirrel was frequently in the ared

. ! There was an interesting occurrence at one of the nests

) }

' during the 1985ﬁbrecding season. A clutch of Lwo epgs containing
both the heaviest and narrowest e¢ggs of the season, was found in
a box in which %\brood of five had been reared; The five young
and the pa;ents were often seen ground the box and it was assumed

- P .
hd that the female had laid these eggs as her second clutch.,  The

. female seemed to disﬁppear during the last days of incubation and

. o -

©y
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the only birds seen around the box after this time were two'

[l

Juveniles from the first brood.
direct.ly at the box, but were never seen carrying any food items.
" egg. hatched, but the hatchling died in  an

W

Only the heaviest
Its weight at hatching

aemaciated condition four)days after hatch.

was similar-to the hatching weight of other young. It appeared as

[ v v »
' though the two Juveniles were attempting to raise the hatchligg,
but that they did not yet have the experiencé to 20 so0.
=
¢ I
- ?» . - °
L p ‘
) E - ‘1’ 3 }
© ‘ 1 ’ .
\ ,“,
\
% T

L L P
©

These two birds were often seen {

a
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The one monith discrepancy in laying datlks between 1984

.

and 1985 is difficult to exblain The weather in,yhv mouth of
April was similar in both years (PO;GOHQJ records)  The dates for
the 1885 breeding scason 1n Lhe study area colnecidis closely with
those given by Peakall (1970) Peak periods of gy laying  in
April, May and June 1985 are the same as  Lhose x‘u*pm‘i,ml' by

Peakall o(1970) for Quebec and Ontario. Thé 1984 period of peak

- o

laying in the study arca was identical to Lhe peak laying  period

in Feakall’s study. The small peak in mid-May was also reported

by Peakall.
Clutch sizes for the Hudson-Rigaud region during Lhe 1084
. - 1
and 1985 Dbreeding seasons wWere very close to  the Canadian

average. The normal clutch size for the Bastern Bluebird is four

/

‘

to six eggs, with five being the most common (Laskey 18539,

o

Hamilton 1943, Zeleny 1976, Pinkowski 1977). Peakall (1970) fowund
the average clutch size for southern Canada at the peak of the
breeding season to be 4.35, wilh an overall av ~age of 4 18

0 79 (n=51 nests)

,
The range of egg welights in this study was slipghtly widor

than the range reported by Hamilton (19473) for bluebirds nasting
(3
in New York. Hamilton found egps to weilgh between 2 LY poand 3 22

R
g, while the eggs weighed in this study ranged from 2 4L ¢ to

3.60 g. lowever, the range in thizs <tudy covers a much  larger

.

sample size (72 versus 24) The mean =g welpht for 72 cpps Jin

this study was higher at 3.05 ¢ than Hamalton’s mean eppg welpght




/ -~ -
of 2,91 g for 24 ecggs. .

¢

Twelve to 13 days were found to be the normal incubation
puriud- in this study Burns (1915 in Hamilton 1943) has said that
the incubation ' period for bluebirds is 12 days. Hamilton (1943)
tound 13 Lo 14 days &glbo more accurate for the birds he studied.

The }ojntjunnhipu between egp measurements and clutch
slae and hatuhgng suceess were not very clear. There was a highly
vipndfireant  positive relationship belween egg weight and  c¢lulch
HSizer,  but,  not furl egr welght and hatching jsuceess for the
bLlucebhird:n In uoufhern Quebee.  Quinney (ms. } found +that egg
welght did not  vary with clutch size in hi§ study of Tree
bwaltows o Ontario. Kendeigh eb al_ (1956) found that larger
clutehes of Lhe House Wren contained heavier eggs, but they were
unabla to explain this phenomenon Howe (1876) did not find this

relationship for Common Grackle cgés, but thought that egg weight

would probably decrease in clutches larger than five Coulson et
al . (196Y) found large intra- and interclutch variations in egg
sise for  the Shag (Thalacrocorax aristolelis). The lack of -a

correlation  between ogy weight and -hatching success for this
blucbhird study agrees with the findings of Schifferli (1973),
whone study on the Great Tit revealed the same result.

6tcrcasing cepgg weight with decreasing clutch size was a
finding opponite to what ;as axpected. It yould seem lik%ly that
females would either pdt pheir energy‘reserégs (protein and fat) .
into  a largo.u%utch of smaller eggs or a small clutch of largér

epys Slagsvold et al- (1984) stated that variation in the size
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¢

of birds’ eggs may reflect the condition 'of the epp-laying
female The results from this study may indicate that Lhe fqmulcu
\1aying smaller clutches have tfewer reserves,available Laying a
{

smaller clutceh” than the normal one of five may mean  Lhat  the

L.

A
2 0 4 1t 0 . » 3]
female 1s in less than prime condition and is capable of laying

aonly smaller eggs However, according to Lundberpy and Vaisanen

(1979, it 1s more advantageous to produce one  opygr less  ir

.

unifavourable conditions than to decrease eppg sine beocouse amaller

eggs lead to decreased survivorship of yvoung.
. d

'
]

EFastern Bluebird nestlings appear Lo albain almogt,

.

complete growth in tarsal and antebrachial length by  the  {ime

they fledge - The bill and the longest primary feather  of

fledglings are shorter than those of the adults., The weipght  at

-~

5 to that of the adulls, but that some:  of

F

fledginz is also clos
this welght is lost is likely as young bluebirds begin to expend
energy foraging on their own. O’Connor (1976) found that nestling

Blue Tits (Parus caeruleus) and Great Tits vary greatly in

weight. The heavier young probably have extra subcutanecns  fat
which acts as a food reserve while the young are leurnind Lo
forage on their own He stated that the heavicr young are more
likely to survive than the lighter ones. Welly (198?) says that,
young that leave the nest at close to adult welght often  have
extra fat reserves that help them to survive periods of food
shortage as they reach indépendenoe.

The tarsal growth of the young bluebirds in th¥s study is

°
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‘e '

similtar Lo the tarsal growth of the captive young in Pinkowski’s
(1975) atudy Avierage tarsal length at hatching for the Hudson-

lorpand bluebirds was 7.38 mm with the most rapid period of growth

heginning, on the third day. Tarsal. lengths at day 1} were
approxamalely 20 mm The average tarsal length at hatching for the
Michipan  young was 603 mm By day 4 the térsi were growing at
thh}r Quut rapid rate. At day 14 they had reached 21-22 mm in

both studices o ' P

% N

The antebrachial lengths for the Hudson-Rigaud bluebirds

©

wore  comnparced  to the tarsal lengths and it was found +that thg/
-

antebrachi exceeded the tarsi in length by fledging age, but both

appendages wore close to adull length, whereas the bill was still

congiderably  shorvter The young bluebirdsiare fed by their

d

parents  after fledging, but they are responsible for their own
fuvomutjon. It is likely that adult lengths for the antebrachi
and tarsi are more important than adult length for the bill.
! ¢

The weight range for ﬁewly hatched bluebirdi in  this
study was similar to the weiéht range in Pinkowski's (1975)
mthdy in Michigan (1.7-3.1 g as opposed to 1.8-3.8 g).
The  rate of welght gain in this study seemed to continue until
the age of 8 or 9 days. The weight continued to increase after

this, but it did so at a lower rate. The asymptote was found to

Le 27.35 3. It occurred at 13 days of age. Pinkowski found that

s

’

the rate of weight gain levels off after 5 days. The pattern of
welght increase for the Eastern Bluebird can be compared to that

of  other species. Lack and Silva (1949), working with nestling

°
<
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Burupean ERoblins, found the welght 1ncrease durimr the firast, 10
days of life to be extremely rapid. During the flrst O days an
average increase of 2 5 times the initlal welght was found, while
over the wholé 10 day period the robins increased thelr initial
weight by up tollCl'Limes The nestling weipght curve constructed
by Pitkowski (1875) leveled off an¥d approached an asymptote of
NT.2 g atran age of 12 days The hecaviest welght reached by a
nestling in Pinkowski's study was 31.8 g for a 14 -day old female,
while in this study it was 31.5 g fg; an 18-day old bird

Large differences in welght may occur for each day in
Eastern Bluebirds. A range of 6,79 g was found at age 4 days in
1954, the lightest bird welghing 8.21 g and the heaviest 15,0 g
A range of 10.63 .2 was found at age 8 days in 1984. Several more
suck differences werg~recorded for both 1984 and 1985 All birds
mentioned are individuals which survived to fledging. Large
differences in weight occurred for several ages in  Kuropean

.5

[l

Robins {Lack and Silva 1948). It was found that at age of
days the lightest Furopcan Robin weipghed 7.8 g while the heaviest
weighed 14.1 g. On day 9 5 the lightest weighed 14.9 ¢ and  the
heaviest 21.9 g.

Differences in  the lincar measurements and  weights  of
young surviving to fledging age anditho§e dying ‘on or before the
11th day of 1life were are not apparent at hatchlng‘ It~wa% not
possible to predict which individuals will survive by cxamining
hatchling méasurements. A difference was still not agparanh aven

on %he fourth day. Only by the 11th day was there a significant

A 4
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ditterence  boetwecn  the measurements of  survivors and non-
garvivors., A difference  in the length of the longest primary

-«  showd up  on the 7th day. Significant differences in weight

{. ’ -
aoceurrod by the bh day.

The [act thal, non-survivors groy,normally for the first
fow days, "a period daring which rapid growth is  taking place,
sappren b that  Lhey may be normal at hatching. The parents ~for
everal o of the non-survivors disappeared, perhaps abaqdoning them
in favour of utdrting‘a new brood. However, the normal growth of

. .

Lhene broods  suggests that this might not have been  the case.
Miny broods were intested with'blow-£fly (Calliphora) larvae, but///’—
bl infestation ot mon- survivors was not heavier than that of
survivors.,  The parasitised birds generally had only two or three

magitobs  on their bodies at one time The main reasons for

nesbLling  deaths appeared to be inclement weather and starvation

due to abandonment by the parents

The Hudson*Riﬁaud blucbhbirds in this study grew at a rate

R

of K = 0 439, with an asymptote of 27 35 g. Pinkowski’'s (1975)

captive  Michigan bluebirds had a growlh rate of K = 0.488.
<

Ricklefs (1987) calculated a growth rate of K = Q 462 for

Lluebirds measured in New York. The asymptotes were measured at

‘

Lﬂ’gl g and 27.5 g respectively. At first glance it may seem
unusual  that  the most northerly birds should have the slowest

4

growth rate. Expectedly, the rate should be higher because of the
4: shorter breeding season. However, FPinkowski (1975) reported that

bluchirds in Michigan are double-brooded. Peakall (1970) also

PN
g =
.




¢y

fougd that blueblivds are auub1u~broodcd throughout most of thelr
range. With only two exceptions the birds in the Hudson-Rigaud
area in thig.study did not attempt to raise two brood%, Poagalibly,
this is the reason for the lower growth rate The parcents may not
feed thelr young as vigourously as those birds dc?tincd Lo ralse
multiple broods‘ According to Quinney (148868) the parents may be
expending less energy without rveducing the total costn  of
producing a fledgling Although he goes on to say that. it is
advantageous\to the young to grow as quickly ao possible in order
to reduce the risk of preaation while st;ll in tLhe nest,  prowth
rates are held in check by physiological factors and by  the
provisioning ability of the parents. The growth pattern may be
adjusted to balance the energy budget of the family group
(Ricklefs 1968). Bluebirds, being cavity nesters, can afford to
have a slower.growth rate. Hole-nesting speciles generally grow atl,
a siower ra than open-hesting species because  the prudutioﬁ
pressure on cavity-nesters is nol as great.

The fact that there was no signifiéﬁnt difference  in
growth rate between broods of different sizes was  interesting
Crossner (1970) studied different brood sizes of  Lhe European
SlLarling and found that individuals in large broods (up to size
10) reached the same weights as iﬂdividuals in smaller broods as
long as a large supply of food was present. Ricklefs (1984) felt
that size of nestlings is rela%ed to parental care duridé the
growth period, but that final sizes of the body ;arts, attained

after fledging, depend on genotypic factors. Lack and Silva



55

(1449), did not calculate a growth rate for their European

Robins,  but did find a difference in average weights of broods
of  srae 3 and broods of size 7. Lees (1949) obtained .similar
results MurLon ct, al _ 1974) found that young Woodpigeons in a
brood  of 1. grew 14% more slowly than young in a brood of 2.
Mowever,  they attained 10% higher asymptotes. Young in large

broods appear Lo grow more rapidly, but reach a smaller size than
youry! 1in smaller broods,

Whien  young surviving to fled ing age in this study were’
compared Lo young dyving while still in the nest, the survivors
showed  a significantly higher growth rate which was quite close
1Y) Lhn rates given by Pinkowski &}975) and Ricklefs (1967).
Growlh of the non-survivors was significantly rgduced.

Approximate ages at nest departure for the Hudson-Rigaud
bluebirds are similar to that of 16 and 18.8 days reported by
Hamilton (1943) and FPinkowski (1975) respectively The youngest
birds Lo ‘leave the nest in his study were 16 days old and the
oldest, 22 gays old. Géwaty (1983) reported the fiedging age as
lying between 16 and 21 days of age.

Disturbing young bluebirds after 12 days of age
apparently leads to premature fledging (Hartshorné 1962,
Pinkowski 1974,1975, Zeleny 1976). Most of the bluebirds in this
study were handled up to an agedof 13 to 16 days and the fledging
ages  correspond closely to those in studies stshere the bluebirds

were not disturbed after 12 days. This finding contradicts the

abaove .
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Pinkowski (1977) found that nesting success was lowest

-

s
for “the earliest and the.latest nests. Spring and summer nests

e}
2%

in his study were 52.5% and 54 successful  respectively,
whereas 69.2% of nesls buill in the intermediate period weore
successful. However, because brood size was largest in the spring

nore young were fledged from spring clutches than from

inlermediate or summer clutches. The nests in this study 1in

.Hudson-Rigaud could not be divided into early and late periods,

but -the overall nest success for 1984 was 63.7% and for 1985 it
was 36.4%, wilth 25’and 30 bluebirds fledging. The 1982 and 1983
breeding seasons were more successful with 42 and 44 yourg
fledging respectively (Jackson *1982, 1983) It is possible that
the lower number fledged during the two seasons of Lhe study was
due to the disturbance caused by the observer, Predators

including House Wrens and raccoons were found to DbLe tLhe main

.

reasons for nest failure. Cold, wet weather was also a factor.,

f 4

Two broods were lost after a day of heavy rain, but it, could not

-

be determined whether this was due to lack of food or to Lthe cold
A\

N

Lemperature. )
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~ CONCLUSIONS
The beginning of this study dealt with the initiation of
laying, «<luteh size and egg gize of the Ea;%crn Bluebird. There
Vo no qppnran& reeason for the carlier start to  the breeding
rencon in 1986 The perjods of peak Jaying coincided swith those
reeportaodd by Peakad]l (1970) for Quebec and Ontario The breeding
qonaon in bhe study area started ITater and endesd earlier than the
brquinu seanons in Michigan (Pinkowoski 1975, 1377, 1878), South
- Garolina (Gowaty 1983) and Tepnessee (Laskey 1939, 1943). Clutch
stoe and ey size were similar to the sises  reported in the
literatuares, ,

The first aspect of FBastern Bluebird nesting ecology
laooked at was  the relationship between egg measurements and
varying exberaal, ceoenditions The answer«to the first research

question, whether epgag sice will remain constant regardless of

Slubeh sice,  was  negative Epg 2ize decreased as  clutch sice
Araranscd This wnexpected finding is difficult to explain, but
iL 1 possible that both cgeg sice and eluteh size reflect the
condition of the female
: : The second question, whether egg sine will be the sané for
1884 and 1085, could not really be covaluated. FEgga width was
sipnificantly Jdifferent for the two years, but egg length was the
same Thes Siauxficanﬂ difference may simply be an artifact.
The  Lhivd guestion must be evaluated in the same way.

Fepas that hatehed wore significantly wider than eggs that did not

hateh 1n 19841, but theve was no difference in 1985 Egg lengths
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did not differ. ‘

The last vescarch guestion for epgg measurements Jeconcerned

cgg  sizes in different geographical areas. Fag o for the

3

Hudsen -Rigand - clutehes jwers  within the  fsame afse as o that
\

reported by Hamilton (1943) and Bent {19

\

. - THe second aspect of Eastern Bluebird nestin ccolopgy

axamined [dealt with growth rates. The hypothesis to be fLedted was

-

that growth rates of the Eastern Bluebird will vary under

changingl external conditions. The firast prediction, was  that

'

growth rates will be lower for individuals in larpger broods, This
3

was  baced on the assumpbtion thal i1t slould be easier for parents

N é
to  fecd a small brood cefficiently.  This predicbion was  false.
There was no gignificant differonce between hroods of  one and
P . h .

broods of five. ¢
The sedcond prediction was that the growth rates f(;r 19\84

axld21985 young should differ  This prediction was false. Theyr-

was, no significanl dif ference belween the growth rates  for Lhee

two years. The calculated growlh rate appears to be normal  for

f+4
this area. It ‘:mulrl bLe expc«:tied that, a ipnificant,  differonce
vould exist if-a higher or lower rate were normal .,

The lant prediction, that growth rates will differ from

those recorded in thie literature for Hew York and Michigan, was
" *

not. tested statistliecally. Howeversg the calenlated  rates  are

o

quite <lose and it is likely that there ie no cignificant

difference Thr presc-are on Lhe bluebivds Lo grow o, gquickly naq
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possible in this areca becduse of the shorter breeding season may
7
bhe:  balanesd by Lhe pressure on the southedn birds to grow

.

quiclkly because {wo broods are raised. This may result in the’

similar growth rates for Lhe different latitudes.

The  =2nswer to the question whether growth rates of

’

survivors wonld -be higher than growth rates of* nol-survivors was

positive, survivors  had significantly higher growth,rates than

NO - SUTYLYors, indicating thal non-survivors ‘die from starvation

or dissnce.

Fastern Bluebird populations in the Hudson-Rigaud area,
while not increasing, scem to be holding their own. This study
helped  bto show that the birvrds seeim to be growing and developing

normally, but whether or not they survive to adulthood could not

agp

be determined.

o
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