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A'BSTRACT \ 

'0 

• 
, , 

)Aspects ôf t.he nes ting ecol..ngy of t.he "E3:3 t,cl:n 
• # 

(Sialia sialis) were studied during 1984 and 1985, AM ~nalY:3is uf 
---~-- ------ \ 

egg mea:3Urèlllents .revealed that clutch·' si,-~c in ~lign.:i ficantly 
~ ~ 

, çOfrel,ated wi th . egg length (p < 0 00 1) , width (p < 0,0 t } nnd 
'" , 
weight. (p < 0.001). Egg s.iz~ deC'rC.:lSèl.i as clutch 0.,1;:'0 dp,crens!;)cL 

Hatching success and ,egg wid~h wetë s-igniflcant.ly ('orn~ lnl.ed/-~ n.' 
i <1 

1984, wi th . wider eggs being more likely 'l'lti:3 ...... 

relationship 'did not .exist in 1985.' Eggs ia 1904 

significantly CP < 0.001) widel.' thnn eggs in 19U5, but Cm! 

lengths wel"e the same in bqth years Egg slzés for the study area 

were simjlar'to those recordeJ in the literature. 

Lin'ear measuremen.ts and weys-hts of nestl ings were c",-)ll1pared 

for 
~ r 

t.hUSè survi ving to f l eclging and -,t:..hose üy,ing dlll·t tin the 

~esiing period. There were no significant differences in tnrsal, 

antebrachial, bill or longest primary J engLhs ""ud w:sLl ine 
" 

weights at the ages of 0 and 4 day~, but by 11 ddys 6f age 

" survivors had significantly )ügher measurements Uian non-

survivors. Growth rates for a11' b irds were cal ~u ta !.c:d Ll~3 j ng 
'il 

Ricklefs' (1967) method'. Sury i vors had sigrd f j can L ly hi ghe r 

growth rates than non-survivors Mean ~rowth rate for 1984 did 

not dif~er. significantly from ·1985. There WéiS no :::Jil1nificant 
. 

difference in growth'rates f~r ~lfferent brond 51z05. 

rates fqr the Eastern Bluebird in the study area'were simjlar to 

l' thosè recorded in the li ter'iiture.' 
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, c--- RESUME 

. 

, L'écologie de la nieJifjçation du Merl'e Bleu (É21all.f! 

~~é étudié au cours des étés 1984 et 1985, Des 

;\1),-31 y~;t:;j de varj ance ont montré une association ,signif icati ve 
- , 

(:n Lrn , l il. tni Ile de la couvée et la longueur dA l'oeuf (p < 

() ()Ul), J.-, ]nt'G('ul' de l'(>(--:uf .(p < 0',01) et le pcdclf, de l'oeuf (p 

.' () (J01) La Laille des oeufs a diminué avec une diminution de la 

1,,\ i II r; la COUVÔt:: El! j984, une relatlon" ~jignif j ca tj ve a 
.. 

t,ouLcfok; été étab} ie entre la lRrgeur de l'oeuf et le succès. 
. 

d'éclo~,j!)n, Les ueufs 1eR ,plus larges ont eu un plus haut succès 

d' f;C 1 o'ïÏ <lI). 'CO L Le rclat ion n'"a pas été trouvée en 1985, Les oeufs' 1 

'.:L;lÎUllL c)it!,ldficativ(~mont (p < 0.001) plus larges en 1984 qu'en .. 
il n'y Rv;it' nuéune différence entre les 

1 • 
longueurs, 

• ! 

d lmellS i OllSt c1e2i o~pI 3 recuei lli s au si te étudi é sont 

!;fjll1lX\l ablcq aux valeurs présentées dans la littérature, 

Lo~ Jnesures lin~ajres et les poids ont éte comparés entre 
..... 

1 e~l cd 5 iLion::; qll.i on t survécu jusqu'à leur ~remier envol et ceux .. 
t III i :3unL Illurt~ au llid. Aucune "clifférenc~ significative n'a été 

U u\1 de: 4 jouni 

(:eux groupes lorsque le,~ oi :ill.1ns. sont agés de 

Tontef ois, l ursque qeux -ej at tciftne.nt \11 jours, 

11'.0 01:, i 110115 qu i ont. survécu étaient signif icati veillent plus 
fi 

L0~ courbes de croissance ont été cal~ulées â partir de 

fnl'!nlllc de Ricklef~ (1967). Les oi"'s i lIons qui 
III .l--

ont survécu 

av <, i.t.'ll t 'Ull taux de l~roi ssance signi f icati vement plus élevé que 

Pur cofltre, les taux de croissance n'étaient pas 

~ltr8 1881 et 1985 et ne 

iii 

variaient pas en fonction de 
/ 
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. . la t,ai Ile de la couvée'. Au site étudié 1 len taux de croisnanco du • 
• Merle Bleu sont similaires ~ ceux ~ugg6ré~ dans la Iltt0rqture, 
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'Literature Review 

General-Life Hi~tory . ~ 

'l'he Eastern Bluebird \\.Q-i31i~ .§.l~lj&) of the- thrush 
. " 

family 

Tu rd i J;w j f5 flati va La North America, breeding in every state 

llnd pl'ovinc..e east oi' the Rocky Mountains except Newfoundland 

(Zeleny 1916). Itn range, incl~ding breeding an&wintering areas, 

cxtends frbm southern Canada south to the West Indies and 

Nj CCl raguû. BI uebi.rds are migra,tory. During the sp~ng migration, 

Lhoy i'ollow the warmer temperatures nortIï, al'riving in their 

. broeclj ng a reas in February or March. The f aIl migration rou-te is 
, 

dJifLcult ta define. Sorne Eastern Bluebirds spend the winter as 

f:il' I1c>rth él~) Point Pelee anJ Toronto, Ontario, but most winter 

f rom the north-central United Sta,tes southward (Godfrey 1976). 

'fho wave-like southwGrd migration begins as the insect supply 

'dccrCRses, with the birds breeding in Canada moving perhaps to 

Nl)j' th Caro] inû, the North Carolina birds lnoving to Elorida and 

Lht' FIor idn birds moving( to the Cari bbean (Bent 1949, Zeleny 

~ lD'7ü). 

southern 

EGstern Bluebirds begin to breed as ea~ly ?S February in 
'. 

1 areas such as Tennessee (Laskey 1939) and as late as 

Ap~'i l in more northern areas such as Michigan (Pinkowski· 1977). 

t'la les generally arrive onvthe breeding si tes a few days earlier 

tblln the Jemales (Bent- 1949), Once a pair bond has been formed 
t:o , 

t.he mGle leClds the female to potential nest sites and sbe chooses 

(_ t hl' niost sui t<.l.ble one after man y inspection trips to the si te. 
, 

Court.!3hip feeding oi' the female by the male takes place prio! to 
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nest construction and may continuë throu~ho~t thé nestir~g p~riod 

(Hartshorne 1,962) . • ... ,. 

Eastern Bluebirds are cavity hesters and have bel)tl f()lInd in 
.' 

many di1lte~ent types ~f holes including till cnnu, l'urnl 

mailboxes, drain 

hollow fence pqsts. 

1949), The actual 

. 
pipes and jars .as well as the mul't:~ urthodl)x 

l .. _ 
holes in trees and lllfln-made nest boxos (BenI, 

nest is pup-shaped and consisLs of f i 1I'(~ dry 
"-

grasses. The interior of the CjP is either lined wiLh f i n'~ r • .,.,. 
grasses o:r is left unlinec1. The female builds the ne::.-i't Jn 

, 

three t~ five~ays &lthough males have beon observed bringing 

nesti!1g ma terial to the cavi ty _( Hami l ton 1913, BOllt U149), they 

generally drop i t before entei'ine or exi t f rOIll the eavi ty 

èartying thé s~me piece of matJria~ . , 

Eastern Bluebir,ds are usually monogamous-, ,but FO] ygyny i5 

occasionally observed (Gow~ty 198'3), Gowaty attriouLo5 thë 

~ J 

monogamous breeding .system"to bre~ding synchrony among bJuebirds 
.' 

anQ ta the dispersion of the nest si tes, Gowaty (198~:I) conducted f 

ân expèriment in which males were removed from broeding fcmnles. 

No differences were foun~ in the number"of "eggn 1aid, number of 

young fledged and subse~uent r~productive'succes5 beLween paired 

o ,,-
and single f~males, 

Bluebirds ~ften begin. to lay their egg~ 0n the day 

following nest compl',etion, al t~ough severa] days 'to a Wf!f)K mny 
t. 

elapse before the first egg {s laid. One egg 13 lu id e~ch day, 
,J , ~. 

generally in the morning . The eges are usually l icht b lue, in 

colour, but clutches of white eggs ,also eXlst (Laskûy 1939), The. 

" l 
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average size of 50 eggs measured in the Onited States National 

Muspum in Washington D.C. waB 20.7 mm X 16.3 mm. The longest, 

Vl.i'deGt. 1 shortest and narrowest eggs measured 22.9 , 17.8, 17.8 and 

1!).~~ mm reflpec:tive]y. CJutchcs usually cQol)sist of three to six 

Cl!l15 , wi t.h :rive being the most common (Bent 1949). In areas where 
'V"~ 

Lwu cl Il tche.s are la j d th,~ S ticond cl utch often has one egg l ess 

LbdIl t.he f irst Incubation begins wi th the .l.aying of the last egg 

,:md last,f) for 12 t.o 13 days (Bent 1949, Hartshorne 1962, Zeleny 

19'16). Al Lhough sorne authors have repo-rted that males partici};>ate 
\ 

in incubaLion (Smith 1937 in Laskey 1939~ Bent 1949), Hartshorne 

(1962), found that. [\ male may sometimes sit on the eggs for a few 

lllinuLe~3 whon' the female has lef t the nest, but he iB incapa~le of 

Pl'oviding c!1ough warmth to incubate. This statem,ent is based on 

• ail ovcrn i Gh L l)L~)erva tion of a ma 1 e sitting on the( eggs. . - AlI the" 

eggs wero eold in, the morning. 
''\ 

'\ 

The allllc>st always hatch synehronous l y 1 

\ 
but 

occ3sionally one egg ~ill hateh a day later. Both parents feed 

t.he young al Lhough . the J f emal e makes more trips to the nest 

(Pinlww!..,ld 1978)-. According to Pinkowsl~i (1978), recently hatched 

young an~ f ed soft prey items. sueh as spiders and Lepidoptera 
~ 

1 arvae As they ~row, Orthoptera and earthworms also begin to 
1. 

fOl')lI,parL of "l.heir diet. F'ruits are -iect 'only 'very rarely 

(1'illkow:31d 1978). The feeding rate increases as the nest!ings 

mn tui.'e. then dec l:i l1es shortly be-f ore f le,dging (Pinkowski 1975). 
{ 

Ea~tern Bluebird nestlinis remain iJ the nest for 15 to 20 

days (Zeleny 1976). When they .emerge~;from the nes-t cavity they • 

j 

, , 

1 



l 

( \ 4 

,~ 

fly to the nearest trée where they may remain fqr several days . 

.. Bluebird fledgl ings" are not independent upon lanv ing the He~it. 

They ar~ taught to forage mainly by the male, [l1 thollgh thn Ct'maJe 

participates 'to a limited extent, The male f ecds the f It'dgl inHg 

until they become independent whïle t.he femalc blllld~3 CI lle~lt l'QI" 

the nex t brood. Indefendence is achieved a week to U'n d"y~; "f 1,0 r 

fledging (Zeleny 1976). 

The Eastern Blucbird has been found Lo r;\j ~w aL 10;:,::, L' '~tW() 

broods per year throughout mos t of i ts rauge (Pe<t!w 11 IH'lO, 

" Pinkowski 1975). In sorne southern areas 5l\ch as Tennt:f-i!Jel~' i t. mny 
, 

even be triple-orooded (Laskey 1943) Bll.lebirds in Lhl: norLhorn 

(1970) found that bl uebirds are single - brooded in C2uwda, Lrj plc­

broocled in the central pal~t of their range and doub l t:--LrclC >ded in 

the extreme south The length of the Lreeding period nppcars to li . 

coincide wi th the highest breeding clens i ty , wh l ch j~) ln the 

" central\ part of their range 

Feeding techniques and diet of bluebird8 havl~ 9t:!en 

described by Bent (1949) and Pinkowski (1978). Inscct5 form the 

ma.i.n part of the;, bluebird' 5 diet. Bluebirds se~rch for their prey 

by scanning the ground from a feeding perch. When a likt-:ly item" 

has 
, ") 

been spot ted the bl uebi rd drops to t.he eround, 1'h0 prey i 3 

ei ther consumed on the spot or carried back to' th(; perch, 1 f 

ve"getation in the area is too high, bl uebirJs pl t.er thei r feeding 

technique, toward gleaning or aerial captures. As in!3ects become 

scarcer towards fall and winter, f ruiot becom(:!s muré :i Inportant in 

, 
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the diet. Bent '(1949) stated that Eastern Bluebird food consists 

t-
uf 68% anima] ~nd 32% vegetable matter, Orthoptera being the most. 

important prey items. Lepidoptera, Coleoptera, 0 Hymenopt~ra, 

I/f-JmipLnr:i and ~)piJers .'ire a1so consumed. Pinkowski (1978) found 

the 5amq j Lems in his analysi,s in Michigan, but Orthoptera were 
'-

!1ncnnd t,o rJepidoptera larvae a.'3 the most important food --items. 

r.eS~3 l'roquent taxa included Coleoptera, Annelida, H'ymenoptera, 

DiI-dopodél ~ffjcl Bom--iptera 

E.::ts "Lern' BI uebi rd populations declilled steadi ly throughout 

North Amel'ica during the past 30 to 40 years (Pealçall 1970, 
, 

Zt:.,luny 1976) Tills occurrence can be traced to mans' aetivities. 

Favourit~ bluebird habitat consist~ of open fields surrounded by 

crees or 'Stumps. Apple orchards ~re also 

pref~rred sice~ ~Bent 1949, Zeleny 1976). Many of these areas 

• huve beeu modified so they are no longer sui table for bluebirds. 

Fnvouri te nestillg si tèSOnce included holes in rotting trees and 

l)l d woollen fence pG-S-t.s. ----Modern - agri cul tural practices have 

dictateJ the clearing Qf rotting trees (Bent i949) and' the 

replacement of tl~ old wooden fence posts by the less expensive 

and more durable metal ones. The reduction in the number of 

ava!lablc ncst sites has led to fierce competiti6n among the 
/ 

cav! ty nesters. Bluebirds have been displaced by Tree Swallows 

European Starlings U21!d.rn1!~' .Y:.'Jl.g;u:.i~) and House 

"', 
~)p~rrOHs (E~~§.~r. QQm~§.:tiQld§,)' (Bent 1949, Zeleny 1976). 

The c!3tablishmcnt of "Bluebird traolls" h3S somewhat 

c' 
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alleviated the problern of nest.--ni te 'competi t i on Nent boxes, 
J 

readily accepted by eavity Hesters, OVOl' 

eastern North America At first, compeLitlon n~l1ldilled Il problom ' 

fol.' bluebirds as the preferred ~it,e~ Hù-re ofLen ("!l'cupi,·d by more 
~ 

, 
aggressive Tree Swallows. Howevcl", !3eLting up the box,'!' III pnir!, 

with about 3 m ~et.ween them eliminet-Le'3 Ud:\ dl r J i l~lll Ly 

Swallows will not 
e) 

nest next to each other, but. Hill 

bluebil'Lls as neighbours. The 5i.lllle i 5 Lrur: ul' b l Ut:bl t'tI 'j Il;J. l l' ô f 

the boxes are thus poten tj al1,y ava)lnble for Ul',- b 1 \Id) i n\[1 
~ 

Stétrlings can easily be excluded Irom Lite bI)Xt~!3 by rnaltlnn \.110 

cntrance hales too small l'or thern Ilou~; ~; L; pa l' "( lW~) 
), " 

n:IIl<l 1 1\ n 

problem. They will bui1L1 a rll: st un l.o!> uf a blu,·blrd w:!\ L 

containing eggs or lüfii l bluebird nesU ings and of Len thn1r 

parent.s too (Zeleny 1976), NGst sH.e clefeYleu by Ule maJ!: hlllf~bird 

is generally timid Sorne mn"les dive towai&s perceivod InLruders 

ta their nests whi] e snapp ing thoi r bi l fs , bu LoU)!.: t"3 :, j mp] y 
., 

remain in nearby trees and gi ve warn ing CD 11 s (Lank'JY 1 ~n~)) 

Eastern Bluebird population!:> have incr(~L.\!_d fig 

gradua'lly s inc~ the es tabl ishment" ,of the BI uebi rd trél il!; and moro 

detailed studies of their biology may pruvjde:: jniormaUon 

facilitating their restoratlon to former levets of ahundance, 

Zeleny (1976) sbated that migratnry flocl{s of Ea'Jtorli 131uob irdn 

once consisted of several hundred îndi vidual '3, but ~ow tllore are 

usually fewer than 20 in ~ flock. 

.. 

-_ .. " .. --~--~-----
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Measurements O"f G'rowth, 
, 

Growth data usually consist of measurements of length or 

maS5 of djfferent body parts (Ricklefs 1983), Lack (19&8) 

pr!.lpo~11;d thétt growth rates result as a balance between' the fast 

groHLh lwces:.:;ary to reduce risk of predati0!l and slower growth 

Lila L ;tJ 1 ()w~) parcn Ls of all.d ci a l,young 1..,0 raif1e larger numbers, 

Hi !!lcll' f !-,' (198/),) aerecd t.hat variation in al tricial growth rates 

Illdy lJi> ')X]i' 1 ai nell by t,he aboya hj:'pothe~is , but retained his former 

:, Lanù ( Hiddef:3 1968) that altricial and precocial young grow as . , 
[<1:11. a.s po:::.siole wi l.hin -Lhe physiological constraints on tissue 

gl'owl.h, Precocial specj,es grow more slowly because their tissues 

are morc' llJ.-_ Lure t,h,::m al tricial tissues and the rate of cell 

dl vif510ll declines as tissues mature Avian nutritional 

.n~qu i rcmCll Ls and the 1 ength of the pre-f ledging peri où depend on 

t.he growth pattern (Sedinger 1986), 
'\ 

The cash-st and perlfaps the Inost comprehensive way in 

which -Lo look al. growth ls to look at the relationship between 

nestli ng weight and age, Growth for most birds is sjgmoidal 

1984), Raté~ of wçight gain are s~all at"first, then 

t hl'Y lflcre3se .:lm! finally level off at a Height. Cl05è t6 that of 

t.}}(' ~,dul t ln some sp~cies the leveling off may occur long before ., .' 

Lhl' aduJ t wei trht. has beon reached (0' Connor 1(84), 

A basic ;:; as sumpt ion' underlying interspecific 

t'l)lllparisons of grow-Lh i5 that. each species has a characteristic 

:md :fÎnherènt growlh pat torn (R i cklef s 1967) Ricklefs '(1967) 

doveloped a graphical method for calculating growth parameters by 
~ 

- . 
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creat~ng growth curves ~sing, body weights. 

cùmpal'isons of growth paLt,erns may ht.~lp "Lo show up diff~'l'eJll't~:1 in 

the inherent growth patt.ern and this méiy giVl' cllw~) t.~) Llw 

~iutrl tiQnal s"Lo.i~e of "Lhe growing organ] ëlIn \ , 
The basic technique behind HLcklefs' (l~Hi'l) gr;q>ldclll 

~
nethod is 

.J. co verSIon 

t'hat the raw boùy weight ùatu ;:(l'l-~ n'pl,\cml, by 

factors, transforming the !.5igmui cl ~r()w Lh ('UI'Vf' Lo n 

stt'cüght line.' Tlw ~)lope of this Une' i3 proporLJunal 
6 ' 

tu th(~ 

ov.:erall growth rate. Ratber than f!Lting [\ clIrvo nx,\<'Lly i,n 

cOlllplcx growth data, Ricklds ('19;7/prè"en~s LI:,.,.", " ... ~"."'Ill,,,,d_ / 
eqnations Whil\ these 'equation,s [I~ve a more I{cn!~l'[\l L,ed '1' li" V -
they are botter for comparative purpo~cs be,ca\I~\(' f (~we t' 

~ 

independent variables are involvtd than in pree i ~ie eyua LJ 011:1 

Eo. ... ch equa tion has ~Jnly one ra Le cons tan t. . The Olilla L lOIl:"1 may rio': 
have any biological sjgnificunce or be realiGLic modn15 01' \'h,~ 

growLh process~ but they can be used fol' reliabJt~ lnLr3- ::.Incl 

interspecificQcomparisons (Ricklefs 1967) 
1 

The three c1urves menU oned above 
. ' 

,are the l or{i :it, je, 

'..-1.!;t-. 
Th~ <;li f f eronce 5 br: tW()(;J1 Gompèrtz and the von Bertalanffy. 

th~1 

the 

three curves are as follo,w~L The inf leçtion pol ilL:; (lf the:! 

logistic. the Gompert~ and the von Bertalanffy curvûs uc~ur when 

'50%, 37% and :30% respectively ;1' the asymptob~~l haVI: b(:!cn 

reachûd. The growth rate i5 sloWf~d and prolonged in n')iltiv/:ly t, 
later stages of growth it the Gompertz and von Bf1rtalanffy CUrV(~~l 

as opposed to the logiSiic curve (Ricklefs 1967). 
./ 

Ricklefs (1968) ,found that the growth ~bta of IllO:Jt· 
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passerilles fit the logistic curve. 

l!t!U<JtlO1l5 dS fol] oWS 

Cwnulative growth (W) 

A~~olute groyth rate (dW/dt) 
@ 

HL:1aLJvc Gl"owLh l'.1.te (l/W . dW/dt) 

JnflecLion point (Wl) 

He presents 

-9-,-_ 
1 +be- Kt 

KW (l-W) 

K( 1-W) 
• 0 

1/2 

~ 

the logistic 

W vlU)r;hL uf growi'ng orgallisnl Ov. j 

d - fln<11 wr~ight (asymptote) achieved 
r [{ -- C'()w3t;mL proportion.1.1 te> overall growth rate 

f' - lJd!5(~1 of na tu l'al logari thms 
il - L'()n:.::t.:mt which tr.1.nslates tillle axis such that time t is equal 

t,o :~c 1'0 n L the inf lect ion point b = 1 for logi stic equation 

::';PL!C ies who!:3e gr(~wth curves are fi tted by the same equation can 

"'t bt~ compL'll"ed using the va.lue·· K, since K 15 independent of body 

( 

The::.ie equ.1.tions describe the body weight as a function of 

lime. Conversion factors are substituted for weight to transform , , 
the clIrvc 1,0 .1. S traight lj ne. Derivations of the equations used 

- . 
1,0 ubluin the conversion factors are found in Rick1ef.s (1967). 

, 
Rlcklefs (1967) described the technique for using the 

grow-th equations in six fairly simple s,teps. The .first one is to 
-

è~tlmute the asymptote, or final weight, of the growth curve. The 
1 

v.1.1ucs for growth are then calculated as percentage~ of the 
~ 

. r i e:31.1.m.1.Lol asymptote. fhe' convers ion factors corresponding to 

t.hese percentages can be ;:,ead from a tablè presented by Ricklefs 
1 

e 

(1967). These factors can ~e plotted as a function of time. If a 

r 
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straight }>ine is obtaincd, at' least through the Lower hnlf or t.ho 

graph, the eq\l;=ttion chosell i s appropriate. If the rel at 1.on:'1h i p \ ~ \ 

straight through the Iower half of the graph, but ris~g or fl\ll~ 

off sharply in the upper haIf, the estimate of the u'è'ympt.l)Lt' mny 

have ta be ref ined. Once a straight l ine has beC'll ob Lnlned t.ht~ 

slope is measured. The' siope is di rectIy pl'OPO! ti on;\ 1 to Llw l'~' t.l~ 

constant, K, of the growth equation 

RickIef[, (1967) also presentcù a furmula whj ch Ci\ll br' l\~H!d 

for 
-\ . 

interspecific comparisons of species with differenL growLh 

equat ions. The amount of timo needec.1 to complete a cc rtéd Il cunouli t" 

of growth is calculated. The standard "Lime interval Il'sed i fi the 

time needed to campl ete growth i rom 10% te> (10% of LlH: ,wymp to Ln 

It is calculated by the formula tlo-so - Q~o_-__ CJo 
dW/dtJ 

C represents the conversion factor for the approprialc equnt.inn 

This i5 a recipl'ocal of the growth rate and varies cU n~cLly wi t.h 
, 

the temporal features related ta growt-.h such <:\5 lenp, th of .. 

incubation and nesting periods. 

The logistic, Gompertz and von Bertalanffy mocJel~ are 

qui te specialis;d because they have f j xed inf lec4J. on pointf3. 

Richards (1959) developed a model encompa~)sing the three 

mentioned above. The Richards model has a variable inflection 

point specificd by the shape parameter, n. The logis tic müd8~ in 

represented by an~ of 1. An n value of or close ta 0 r~prcsont~ 

the Gompert,z model and an n value of -O. 3 repn:~sents the von 

Bertalanffy model. T~e Richards model i5 often con~idered 

superior ta the other three bccause of its flezibitity and 

\ 
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l)(~cau.se Lbe subjecti ven~ss invol ved in choosing one of the ot,her 

threC'! 15 el iminated (2ach ç:t .91..:.. 1'981). Conversely, a dra.wback 

Lü the Hichards model is that i 1.. i."i more eomplicated to use. 
't. 

Z<\ch S1.t ~l. (1984) compared the IHchards model ta the 

I~~igtic, Gompertz -and von Bertalanffy models. Daily body masses 
, , 

f.md prillwry feather lengths of Tree Swallows were used as test 

da L~\ Nf) Sigllif icant 0 di fference between the~ Richards and the 
\ 

It)gl~~tlc modcls W3S found for body mass. Because the Richards 

ml Hh:~l h.::l:3 ral'el~ bean usecl il! the analysis of grüwt11 curves, 2ach 

(lèS1) were not able to properly evaluate the usefulness 

t.h Ü, model. Treo Swallow d3ta do not indieate 

~mpnrlurj ty for a'"ny of the thr~e models. 
s.\ 

Several useful indices through which furtheJ ?nalyses 
~\ 

clear 

can 

be carried out are obtained from growth mod~ls. The two main 

indice!;) are the I.1rowth rate constant and the asymptote. Other 

~Ildices include the time needed to reaeh 99% of the asymptote ~nd 

the time required f'or growth between 10% ànd 90% of the asymptote 

(Zach Q.:t. gl. 1984). These values pern~t intra- and interspecific 

cumparisons which may lead to a more thorough understandi~g of 

aviall ccology. 

- \ 

! 

~ 
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Introduction 
, 

concerning intraspecific variation in Idying 
\\ 

\ 
clutch 5i30S and egg 0izés (e,g. Kende\uh g1 ~l~ 19fi6, 

Coulson ~1 ~l~ 1969, Howe 1976, Murphy 1978, Batt. nnd rrhlUo 

1979) ·have been conducted on m.:lny species . Intr~J!Jpoci r je 

. 
variation in laying date:.., of .the 'Mallard U\.!.!.ê.;?' 2LJ}_~.YxllY:llQb()!,-) mllY 

resul t f rom adaptation to local ecological candi ti on~; (Ba tt, Ilnù 

Prjnce 1979). Inùividual consi5tency mny be due Lo a c1jfl'erentL1J 

ability ta fird food (Perrins 1970). No clear relationshlp!3 . 
be'tween clutch {7 and egg 5i'ze8 have bean- foun,cl. In .:l ~)tlldy by 

Konde igh ~t .ê.1-'-. 1956) 1 arger cl utches of House Wron 'eeg!, woro 
, 

found to have ] argor eggs wi tld n ençh c lu teh :3uquence. No 

significant differences ln the average longt,h, w-idth, shape or 

calculatec1 volumes were found between eges in di fferent 5i20 

\ 

clutches, but larger clutches contained heavier eegs. The authOY5 " 

were unable to, explain the biological meaninG of tld [J. H0WO 

(1976) found that me an eg~ weight pel' clutch of th.~ Common 

Graclde 

clutch Slze, but he hypothesised that a largcr 5é.\mpJ e nd ght have 

shown a reduction of mean egg weight in lareer - cluLche~. Tho 

conclusion reached by aIl authors ubave i5 that geneUc control 
o 

is an important factor in layinr dates, clutch size and ceg ~izc 

" Detailed studies of these three factors in thp Eastern Blu~bird 
~ 

have not been conducted. 

Mu'€h can be le.:lrued about the adaptive significance of 

growth patterns by looking at intraspecific variation (Ricklefs 
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1069) ." Growth may be affected by various oondi tions. Time of year " . 
lIIay have ü different effect on different species. Ricklef s (1968) 

Cét l culated growth rates for European Robins CE±:l.th.S!p!'!'§' ~be.Qul.S!) 
, 

1fl(':<I:ïU.r~d by Lack and Sil va (1949) in Oxford. Late broods grew 

fCt~;Ler Lllan carly broods. Early Glnd late broods of the Great Tit 

(J~~ŒU~;_ m~d<d.±:) in Oxf,9,):d (Gi bb 1950 in Ricklef s 1968) and the 

Starling in Czechoslo~akia (Hudek and Folk 1961 in 

H i.cJdof s 1868) ~'grew a t the same rates. H0wever,. the asymptotes 

fur late broods of aIl three species mentioned above were lower. 

The parne results were found for exç;:eptionally early broods of the 

., 
Geographie locat~on >-may also have an effect " on groV{th 

rates (I{icld~fs 1968). European Starling5 in Scotland grew 4% 

nHn't~ :jlowly than those in C3echoslovakia (Dunnet 1955 and Hudek 

Folk 1961 in RickleJ 1968). Chipping Sparrows (fu2i~~llÇ! 
n~~~Q~in~) in New York and Michigan grew at the same rate (Weaver 

18:3'1, Wallünshaw 1944 and Dawson and Evans ~1957 in Ricklefs 

erew 26% more slowly in Utah than in Washington (Fautin 1941 and 

Willson 1966 in Ricklefs 1968). 

Gro~th may be affeeted by brood size. Broods of five 

European Robins grew fa~ter than any other brood 5izes (Lack and 

Silva 1949) Single Woodpigeon young g~ew 14% more slowly and . ~ 

attained 10% higher. asymptotes than Woodpigeons in bro"od5 of two 
. 

(Murton §1 ~l~ 1974). Young in large broods of ~the Pied 

Flycateher (tl.1J§.Qi.Q~J2~ h~J2Qleu.QQ) were lighter than tho5e in 

• J 



l 

, 
,\ 

14 . ~ 

. 
sllIaller broods. Crossner ( 1(77) fOlltHl l.hat growth ,rntes for 

, 
ra tes for arti f icially increûsed 0 t'oods n~; lonB HS t.liü ;UllOUll L. of 

[CJod available was Ülë SéiIne fur all brood si:3e~). - Howcvcr, large 

broods provided wi th extra food increa5ed Lheir growLh l"di,(-)!3 to 

the levels of the smaller broocts 

51-111 l'Clllain surprislngly constant for t.'ilch sl-lc(~le!..~. I,~\(~l~ and 

Létc}~ (19fl1) ~ihowed that young nf the Common Swift (!\ru!'} ;tPUfJ,) 

:311ffel' under conditions ~f fluctuating food ,av:ülrdd 1 ity nuL only 

lcngth. However, the rate of~ growth, whicll is proporLiolwl Ln tl)C , 

slope 6f the transformed growLh" cul've, 

• 
con~.:;tant . It is only the magni tude that chanees. Unl ':S~) ~)cvere 

starvation take::3 place growth rates remain the 3amr::. 

Growth of a wi Id population of Eas tel'n DlueLirds bac.:; 'not 

oeen stuc1icd in ereat, detail. Pilll{uwski (18'15) lrJeél"lul't:d und 

observed th~young of blucbirds frolll a Michigan population ke'pt 

ln caplivjty. He cal culated the growth ra te 'u:üng th,::: Ill(-Lhocl 

describcd by Ricklefs (1967) Hamilton (1~~43) In(;a!..';urcd Lllr(j(: . , 

broud.s in New York and Gowaty (188~3) ex~milied a f(:oH br'Jud; in 

~Jollth Carol i na. Ricldef s j.J 9GB), lU:; l ng dét ta f rum i,WIJ 1 d' U'Jf~ 
~-:I 

lJruod:.:, lllè'w.Jut'od, by II.::.tlld ltun (1~-l13)' ,-:.::dcu1.tL,::d tllc! l~t"AILlI }';d,l' f(Jt' 

the Easterll Blue1Jlrd. His value of TC = ,),184 i!..'; ql.dte (~l()';(: tü 

th.:tt 
. ~ 

of Pinlwwski (1875) wh,) (~al';Culétted a i'at(~ I)[!( -:: fJ,4ei~ fur 

his captive bru()ds, 
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The .. pUrI,JODe Ç>f this stuùy was to gi'J,ther information about 

1l~)p0ct~J of the breeding eeo'logy of the Eastern Bluebird in 

:J(111LliW(:~lLc:t'II OLl':bec f-ind to ma0e comparisuns witl} the studies 

J';;I:, L, 'l'JI Hl lll:b j rd j n U10 Hull:.., 011 -Hi gauJ region of Que bec to those 

Id' . Jr:a~, j,f'T'U B 1 Ut)l) i l'dG ln other gt'"iograph ical areas' rnay !'>how whether 

t-, Il t ' l' t ' Ct ri: , } i (!; Il i fic LI li t cl i f f 1 ~ l' elle t.:: ,Cj b e t, w e e n a no! as. The must 
J 

fd.li t,',ldn Y/!giml!; jn wllich to COllCt"!ntrate cff,orts to re-establïsh , ~ 

Jt:;I:lI,f'l'l) Inltt..:bj nb m,1Y be foutlll alJJ ii.. Illay al~o be determined 
.b-

wh" t.llc r t.he ir ùecline is perhaps a natur'al one Their preferred 

I!;Ù) L L~I Lis m;-m -mellle élnd i t i-s poss i bl e that populat ions inereased ." . 
L.) Illt"n;t!,ll]',d ll~vcls ns lnnd was cleûred by settlers, \'li th the 

i IllTt!,!:W uf uroan é.lrèa~ and a sub:3equent reduction in favourice , 

bl p,:llll'd habi ta t the population lev.els Ï3ay be retl:lrning' to. what 

TIH' fjr!Jt paet of this study dealt with examiuing egg 

The purpose of this was to see whether egg 

IllL':t:JUl'r:lllen 1.,."] arc a Cf ected by vat"yj ng ex-Lel'nal condi ti,ons. Several 

J'(:~~r':ll'ch questions were ùeveloped, ineludirtg whether; 
. 

1). cgg ;.->ize will renwin COllstant regarclless of~ clutch 

5 i Zf~ 

2) egg .5i:::t~ will Le the sam~"'! in 1984 and 1985 . .. 
3) the size' of Cf,gs that h:'itch will be the same as that. 

uf cggs that,do not hatch" 

4) . egg size for southwestern Quebee will be the ·same 

~S egg Sl:3e recorded in the litcrature for more 

of 

. , 



Eastern 
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southern latitudes 
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'4 
The second part of'this ·study dealt with the arowth 

, '\ 
BI uebird . Thq aim was to determine factors thf\t 

16 

of the 

might 

affect' growth rate.s"of this. species. ,The- hypothesis to be t.etlteù 
'(> 

wan that growth rates of the Eastern Bluebird ~ill vary under 

cllonging ex ternal cOfHll tions. . Predicti ons al' i!:d ng fro!ll thir;s 

hypothesip; 

1)' 

\' 

2) 

young. 
, ' 

Exter'nal condi tion:J such as temperatul'/'; l.1lld f(50d 

\ 

availability ~re unlikely to be identical in two 

bl'eed~ng season"s, , and growth l'n'les Illay ref lec:t thefle 

differences~. 

3) Growth rates for Hudsun-Rigaud Eastern Bl'uebirds will 

differ from those rec'brded in the li terature ,for 

New York a~ Michlgan. 

'. The last aspect of growth r-atef.> lookl~d at wa~3 a cumpari :Jon 

oetween the geow1..h rote~') of Yl)Ung svrviville Lu f lc:deiuî! :..lnd the 

ffrowth rates of young dying while 5till in the llcst. It, Hould be 

expCfcted that non-~_;urviV0rs w0uhl }lavê luwc:r gruwLh r;:ltu', -beCé.\U:H! 

they are dying of factors such as starvation or dl [;13(.1:':;/;, The 

research question wa:.3 wbe thcr grow"Lh, ra Le~..: qf young ;:,UJ'V i v j hg ta 

l fledging will be higher than those of young dying whil~ !~till in 

the nes-t. 

• 
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The study was conducted in the Hudsbn-Rigaud areq rof 

50uthwestern ,Quebec (45 D 25'N;74 D 17'W) 
q 

(Fig. 1)., < Covering 

approxiuléltcly 50 km 2 , Vaudreuil copnty consists mainly of flat or 

gently ralling land lying at an elev~tion of 42 m ~ 60 ~, above 

!.'H . .:a lcvel. The highe8t spot, in the area is 200 m high Mont 

Rigaud, located at the western edge of the county. Ta the east of 
~ 

the muuntajn lies the sandy plain of St. ,Lazare with an elevation 
,) 

of 60 m - 120 m above sea level. Rivière Raquette, one of three 

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

" ,northern border of Vaudreuil county (Lajoie and Stobbe 1951). 

The 80il:3 of Vaudreuil reflect their glacial origin and 

-' 

~ ~ 

t.heir !3Ubneq~len t !3ubmersion by the Champlain Sea. 'The ti Il 

depo~j i ted by the glaciers eonsists of partieles of aIl sizes, 

from the t,jny clay and lime}'to thecmuch larger sand and gravel. 

Much of the aaidic soil belonging ta the Podsol and B'rÇ>wn 

Podsolic groups was formed fram rocks bot canta~ning any 
, 

limestone (magnesium carbonate and calcium carbonate). Features 

of the vegetatiori and climate have further contr~buted ta the 

acidi Ly of the soil through the promotiOl! of leaching of soluble' 

elements (Lajoie and Stobbe 1951). 

The elimate of the Vaudreuil are a can be classified as 

temperate and quite moist. The.vegetation consists mainly of 

dC'eilluou,~ ",t.ree~ such 3.:3 Red Maple (A.Q~f: .!:.\d!:Œ.1:dm) and ash (Fr~~lnu.§ 

~ipp.) mlxed with Red 0.:11'; (§;).\der.Q.\d.§ :Q.Q.!:~~11§), White Birch (;eetul~ 

P!.Î1:'.l:: .. L~i.Qr9», some pi ne Crin.1:d'§ sP'P.) and Fil.' (A:Ql~§ :Q~l.sam~.9,). 

'( ,. 

.\ 
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Figure 1. 
l 

( 

• 

,: 

t 

A map of the ~tudy area, including towns around which 

bluebird boxes were set up. 
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The whole region i3 primarily agricultural (LaJoie and 

Stobbe 1951), which constitutes ideal breedlng hRblLnt 1'01' 

blueb±rds (Zeleny 1976). The Province of Queoue ~)()ch't,y for tltfl 

Proteetiun of Blrds (PQSPD) has ~leL up GG Jle~.L bLlX~'~; on r~'l\ct) 

tree witllin 25 m The dimensions of the hoxefi 1\1'(\ 1:3 X l:l x 25 

cm. Star l ings eannot fit thruugh the 3.8 cm en Lrancc h~) 1 t~ a~1 

recommenJed by Zeleny (1976) Tho boxes have becn t50L \lI,} in pnirs 
\. 

approximately 3 Il) apart to reduce competi -Lion for Lhem\ f rom the 

more aggressive Tree Swallows 

The ~) Lully area v comprised various agricul -Lund fields 1 

ei-Lher cultivated or used for, livestock. Dluebirds used six 

different fields. The field with the denses"\" pupuLatilJ!I of 

bluebirds was a cattle pasture wlth il fairly sLeep slope leading 

t 
down to a field in which hay was, eut \. twice eadl .5ummer. Thf~ 

dominant vegetation consisted of variou:3 gnws ~}peci05 (Po<lCea) 

interspersed wi Lh Birds.foot l'refoiJ (Lutu.s .QQ1.:Jl.hr;uJ';:t.tI):j). 
ru ------

f3ma 11 , 

~ deciduou s trees and shrubs li 1\:12 S laghonl Sumac (Wl~~0. _Lypb~n~) 

and hawthorns (ç!:!;rk9.~g!dâ sp.) grew around thn perimetçr of tllt) 

field. Soil in this area has been c13s~;ified [\:3 Hlgaud ~51,1)ny 

gravelly 10am which 15 develop·eû on Lill and derived rnajnly frrJITl 
, 

quartzite and gneiss. It be]ongs ta- the Great Soil Group of BrCJwIl 

Pod901ic 50115. Thirteen nest' boxes were set up nround thi\.. 

field. 
, ' 

The second and third fields were ]evel and fairly ',"LOf1(:-

free anp surrol1nded by a mixture of coniferou~; and d'-!ci Juuu:.:; 

" 
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The' ::.;oi l ·w<.·d Ste. Rosalie clay in the second field, 

!J/:} (jllgilJ!Z t~ the Great SOlI Group of I:!ydromorphic soi-ls, St, 

Alllilb 1 u l U~tllly ~13nd [rom the G.roundwater Podsol g~ils, found in the 

L1lil'd field, originates frorn sandy alluvlal deposits over clay, 

llity Wil.'~ cu L j Il the :.>cconcl f j el cl once each 5 ummer. There were ten 
~ 

b()x(:~~ ~)() t. UJ-> around the perimeter, The thi rd field, surrounded by 

t; i /',111, boxe:::s, was useù several times a week by a polQ club 'and 

h';ll'.;O haù fihorL gl'ass at aIl times, 

Tbe very large fourth fjeld was divided into several 

~)nc Li ons <1nd was usèd to grow alfalf a (l'1ed icago sati va) and hay,· -----p - ---'---

The soil 

~ophie fine loamy sand, a light textured 

\ 
sorted mineraIs and 

Ile' 1 ()ll/iillg to t.he Grcrl'L SOlI Group of Podsols, Fift';een boxes were 

J \l,l . .") LI~d in LhL3 f ielù which was surrDoundeù mainly by mature 

'l'lw soil in the fifth field was also Ste, Sophie fine 
" 

lO:\lny ~3and mixed wi 1,h stones. One side 0 f the field was lined 
, 

w i th shrubs and several Lu-ge oak trees (~1!Ç.;rcu§. sp,). Hay was 

l!;d'vCS Led twice each SUllllner Five boxes were mounted on ~he 

'Slll't'oundj Hg fence posts. The sixth field wa~ similar, but its . . 
It contained 

( 
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METHODS AND MATERIALS 

The study tool~ plClce from mid May tl) the t'lld l)[ ,Tu l Y" ln 

1984 and fram lute April ta mid- August in 1985. 
o 

moni tored f rom, tJ10 beginn illg of Apl.' il in both YC'H l") . Thu (' i r:lt. 

step was to locD.te aIl the nest boxos of the r(~[~FH "lllu.-bird 

'l'rail". Measu rêment of the egg~) wa~) t..he nex L L,eJk c 

incubation the width at the w idest po int and the l t'ng Lh ur Il 11-

eggs Wel'G re"'cordecl USiHg o.:d i {jer::i. 

llsing a triple-boam balance. An attcmpt Lo wt'i gh the' ('!~n:) ln l Bll4 
( 

was aballdonecl becausc 3. Feso] a spr ing ~\ca le pruvt!d Le> bt: Loo 

serisitive ta air currents. Boxes were checl<;ed eve l'y fj(:cund or 
\ 

th i rd clay tu minimi::iI~ dif.:dJu rbanco. 

An attt~mpt wa's made ta culour- b.:md th,~ adtl! t r(~rnnl(-:~ 

wltile they sat on 1,hoir egg:3 in 19U!5 

"catch the femalos while t..hey are .sittine 011 t..huir n(-:,L'J 

(1939) found t,haL brief IlnndllnG of U}t~ bil'ds di d lin\' (!aU:l'1 

desertion. However, Lhrt-~e 1)[ Ult~ iuur felllal{~~) balld.·r] c1urllli1 t·"r]y 

incubation in the Hudson--Rieaud stuùy di cl HoL rr:L\ll n L() 1,11(:1'1' 

nests, 50 the banding opera1,lo!l wa~) stupp(-!d 
~ 

Using calipers accurat..e to a.Ob mm, th.: fnllow1 ng 

measurements were tal~en on th(~ younl-~ 

length, tarsal lengt..h, length of longes1, prlmary, !jkull l (;ngth 

Clnd weiGht.. (Olendol'ff 1972, P lnkowski UFlt,). 

d/~fined the measurements as follows. 

cere to the tip oi the upper rnandiblr: as rnr;;;lsured 

( , 

1 
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I\In'lWIU\CIJ rAI, LENGTll the dl 5 t.ance f rom the e 1 bow 1.,0' the wr i st. 
CP ~ 

Thé e] lww WélS located. by finding the 

11otc11 bet,ween t.he dist.al end of the 

humerus and the proximal end of the ulna 

'J'AW;I\L LENGTH - the di~stance from the heel to the joint between 

the ~ist.al end of the tarso-metatarsus and the 

Lhird tüe 

]'1~NnTII Olt' LONGEST PHIMARY - the distanlc;e from where the shaft 

À'f:\ 
exits the'skin dorsally tü the tip 

of tbe feather 

\ 
The young nsually defecate upon beine handled, 50 weights 

l't)curùed <1l'e wlthout f <:Iecal sacs. Weights}n 1984 were taken 

tl.il nl~ <:1 !JO g Pasola spri ng seale, ~ bu t they tended to vary wi th , 
wind ~:iLn!n~th. Hence, the Pesola seale was abandoned in favour 01 

~ t.rlplc-bearn ~aranue accuratc ta 0.1 g and placed in a 

unrdbuarJ box tu shioJd it from the wind 

Orit,Unéllly i t was planned that measurements would 5 tart 

ld ther on the day of hatch or the day after an'd' thon ta 'conduct 

Il1tW:> U rcment s 

~thb, 
.1.'3 po~,sible. 

every socond day. Inclement weaiher did not always 

so mOélsuréments were taken as clbse to the schedule 

They wore taken at approximately the same time each 

Jay (bûtwoen 8:00 am and noon) in ordei to keep intervals between • 

1ll~~n:3Ul'Cm(>llts constant. Data were recorded until the nestlings 
• 

Hf·t'(~ bctwocn 13 and 17 days old. 
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AlI linear measurement.s were analysed for t.hree difforent. 

groups, (1) all young, (2) those surviving to fledgin[~'nnù (3) 

the non-survivors, Ncarly Iledged young known to hnve d i.e-d a~> .'1 

re5ul t of predation were illc1uded Wl. th the ~Hlrvl vu 1':--; on t.llu 

assumptioll that they WE:re growing Honna lly, 'l'lie ~,vt'r':'l['.~ d.3ily 
, 

illcreasc of cach body pEtrt. w.:ts calcul.:tLed for the t.llnH' gl'UUP!) of 
, 

bi nb . 
t 

In order ,to compare t.he growth of '3urv 1 vur:..> <ind non-

survivors, a t -test was used Lo compare the mcan l (,llgLh~i ')11 UH' 

day of lIateh, aeo four days and age Il ùays, 

highest age reached by non-.c;urvivors, Bcforc t.1l~; ) , 
t-t.e"t.!') wen' 

" 

pcrfc>nned, hOnlogenejty of varjance [LH' thf.~ gnHII>:3 ,IL 

, tcsted uSlng an F-statü,t.,ic (Sol<:Q land Rohlf 18G8) 

Weight.s werc .::malysed jn CI manner.hlcnUclll i,u 1(:1lIlth~5 and 

were a150 used to calculate growth rat.cs Iollnwine 

(1967) technique, Growth rates, were det.ennined anù analy--;:-;(·u for 

each individual, for each brood ~ize, for each Y!~(H', ,wd for 

survivors and non-survivors. 

The hOIn(Jgeneity uf variünce of ~jurvivor'1 v(:r~u,_; nun-

survivors was checked. 

véu~'i ances for 8urvl vors VerSus non <- sury i voré5 wc:}"! nu L, 

of the ~urvi vors Vf;r~us non - survi vor~3 werr' tJ~!3 Led for ';qual i Ly 

"of means' of two samples whose vari':Hlce~) Cire Ct'J'IUIlH::d Lü b,. u!JI~qurtl 

(SakaI and Rohlf 1969) , '1'11'3 1lomogm1ci ty oi vari Mle!: uf 

diflerenL boxes 
, [ 

was cédc~ulat.eù U!1J.ng BarLleLt';j L(:é3L for 

hOlnc't3cnci ty of variance (Steel and '1'o1'rie 1980) 
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RESULTS .-'f 

IniLiation of Laylng, Clutch Size and Egg S{~~ 
\ 

t 
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Th·~ nc:~ tlne ~;eason started almqst one month luter in :1984 
1" 

Lh;ttl li! 1~1U~i. The (~arlie!]t léiy.i.ng date in 1884 was\ 13 May. The 
, 0 

l)f:ak 1 ny i ne p~~r i od in 1984' too!c pl ace during the f irst half of 

JUlie (I!'iL~ ~). A fJllléll,ler IJeak occurreù towards -:'he miclùl e of May. 

fjix (Ji' 12 cJntches in 1981 consisted of five eggs, and six nests 

(~( ,n La i rJt~d fou 1" eggs each. The élverage clutch size for 1984 was 
. 

tl !l (J 1 O. S 2 ~~ (n - 12 ne s t s ) . 

'l'lit': ... fi r:->t ogg of the 1985 :5eason was laid 20 April. The 

l'lld of April, Ll~o middle' of May and U1e middle of June were the 

lIlitÏlI l'eriuds of I_'gg layine in 188~i. The ~ea~on was considerably 

2). TlJirteen of the 22 nests completed 

jn lUU!J L'unL.~li/lf:~d fiv(-: eüg:.3, si~ containoLi four egg::, ,each anù one 

,-,Intdl (,~,'..:h of six, three' and two eggs were laid. The average 

d li L v Il ::;) :3 C' for 1 a 8 5 w él S 1.!) 5 .± 0 85 S ( Il::' 2 2· ) The Illean clutch 

!;i ;'. \ ' J Il r l 9 8 4 a n Li 1 98 5 co m bill e d wa 5 il 5 3 ± 0 74 8 (11::: 34 ) . 

EGEr wiùLh r~nged from 15.00 mm to 17.21 mm witll"'\\~ me an of 

1 (î . :! t3 i O. f) <1 3 (n:: 1 -1 ~1) . Lengt.hs rangeù from 19.09 mm to 22.84 mm 

wiLl! .:1 ll10an of 21.01 .± 0.917 (n::149). In 1985, the lightest egg 

wc'iehed 2.,15 t{ whiJe the heaviest egg weighed 3.60 g, Mean egg 

Huieht. wa~ 3.05 :!::. Û' 258 (n=72). 

E:gg :31.:3en for the different c] u"Lch sizes are presented in 

There does no~ appear to be a relationship between the 

ml)rpho10gj cal meaSUl cmpnts l.,f the eggs in ei ther breeding season, 

Tht-' l ightes t. ~ ege i 5 no'::, th shortest nor the most narrow. The 
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Figure 2. Number of eggs laid pel' five-day period in 1984 and 
" 

~ 
1985 for the Ear.3tern Blu~bird (Sialia 1;11911%2.) in -------

southwestern Quebee. 

) 
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Table 1. Average egg Slzes for eaeh cluteh size for the 1984, 1985 and 1984 + ~ 

1885 breeding seasons for the Eastern Bluebircl CSialia sialis) in 
sou~hwestern Quebee 
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ltt'av i,;;, Let.!:/!' j;,j Bei t}Wl' the longest nOl" the wi de5t. 
4 

In '1985 the 
, , , 

the 

;,:1m'-~ llux, but'n()L jn the :.Jalllè clul:.eh, The heaviest egg and the 

11,,"I''':)''''J';\' f;lSl~ wt.~re laid in the S31ll<.: two-ew:; clutch. This was the 

'> 
. il:' !und '--! lu t.dl of Zl f~~lnCt le which had 5uccessf ully reared a brood 

" 
ni' flv,), III Ul8 <1 the lungt:st 'tfilg and the wide.st ~gg were laid in 

) 
(: lu kh élnd bn th hé} tehed, The eggs in all sueèessful 

I! 1 u Lch(~:J (\~J l~Lchcs in which nt least .one egg hatche'ct) hatched 

In 10s'4, n'eitlrer egg length nor width wére eorrelated with 

" 

èlllLc!~1 :>1Z(; (p) 0.(5). fi. EJlgnificant relationship was' found 

tH·LwI·!'n llllLching success and ceg width in 1984 (p < 0.05),with , 

widt_'I' L'I~e!J being more 1 ik~ly to hatch The mean width for 

11IdJ(l1.(~11C·d VC!!;~j was 16.:39 mm, w-hile those that hatched had $1 mean 

~ 

1',' i (1 L II t \ f 1 f; ~\ B mm. 'l'h~t"e was no ~ügnifieallt relationship between 

11;\ t,dd lin !:;uecf:GS and cj ther cgg lcngth (p > 0.10) or elutch size 

(p \ U.lI~». 

1n HIHb, ~c]utdl sL;",~ wa:'i l'elated to egg width (p < 0.0). 
, 

11<1 Lech i llG SUc'CC'ss' W3G 
~ 

not influeneeJ by egg length (p > 0.05), egg 

widl.li (p;. 01):), ur clutdl size (p > 0,'05). fi. highly sigllificant 

!',)~; i t. i \'t~ 1'<': l ,ü i on~)hl p (p < 0,001) was found between egg weight 

Both eue lengt.h and egg wiùth were positively 

cOITL'laLed \·dt.h clutch size (p < 0 05). Hatehing success was not 

. fi. combined analysis for 1984 and 1985 together suggests 
~ 

lhn t, cl utch ~;j::::e W.:lS s ignif icantly correlnted wi th egg length 

, , 
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(p "O.OOl).and w,!c1th (p <''"'0.01),' but not with hatching succeng . --
(p ) 0.05). Eggs iu 1084 were signif lCfmt.ly (p < 0·.001) wider (x 

. 
-:: j 6. flO mm) than ln 
( 

l!1HG (x -:: 16.11 mm). There Ha~.no ùifferunce 
0, 

betHeen '198'1 and 1985 lengths. 

Mèasurements of Young 

Heasul'emûuts pf young anù the aùuJt female~ caught and 

b::mdcd are summarised in Table :;::. 

Tarsus Length 

The tal'SUS length of young Eastern )31uebi 1:110 incrc(.wed 
'L 

approximately 3 5-fbld fFom th~e day of hatching until the lW3t 

meà.JUl'üment before fledging. The young appual' Lu Gwhit.::ve their 
. , 

full tarsal !ength bofore leaving the nest (Table 2). 
~ 

The period of gl'eatest average daily increase in length 

occurs betwecn the thi rd and the tanth d,ay of 'life (1'able 3). The 

pCtttern of over<t] l increase in tar.sus lCIleth for 1981 Ctnd 198& 
~ / 

can be seen in Fig. 3. Growth appears to lovel off beLwcen d~~y 9 

l' 
increa~3e ln 

and 6 day~ of age in 1~B5, 

. 
survl ving to f ledging age and th@.se dy ing whi le sti Il in Ut(: nent , . 
OH the ùay- of hatchitlg. The ,'..lélllle was true for 011; leligLh::, at 4 

clays, but. by 11 days, the }üghest age. for which then; wurc non--

3urvlvorg~ there was a-significant_differe~ce!(L=6_~bl, df~21 p < 
l 

,n.uOl), The tarsl· of survi vo 1." S were zignlf h:antly longer tban 

tho:3"e of non-survivor~. 

" 

., 

\ 
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:~ole: ~easuremen~s c:-Zas~ern ~lueb~rd (S~al~a z1al~s) adult females and young at hatch~ng and jus~ prlo~to 
f:edg~ng 'day :5) ~n southwestern Quebee 

PARAME TER AT 3ATCHI~lG 
~AN SE 

PRIOF. TO FLEDGING 
RANGE MEAN SE A:):;::' FE!'iALES 

RANGE? :1EAN SE 
RAt; GE n n 

Tarsus (mm) 5.31-8 12 7 06 o 73 22 18.75-22.94 20.97 1.17 15 21 27-25 16 ::::3 07 l 40 F 
~ 
1 

Antebrachlum (mm) 5.3L-~ 6 89 o 63 22 29 46-30 85 29.29 1.28 8 .27 22-31 1 " ·29.18 l :)9 • .:> 

... . ' '\0" 

B1l1 (mm) 2.94-6 19 3.83 0.63 .., .... 
6.48-9.50 8 07 0.75 15 Il 24-16.60 1::::.57 :::: 04 

~c.. 

.,. 
Longest prlm&ry (mmi 5.24-1:0.21* 7 39 1. 47 Il 45 88-60.31 5,3.60 4.25- 8 72 72--94.45 86.43 8 22 

, Skull (mm 11.12-12.30 '13:92 0.5~ 4 25.4.1-26.55 ~ 25 05 1. 65 4 27.10 
~ 

We~ght (g) 1. 80-3 §O 2.78 o 54 22 25.9-3,0.00 27.9 1. 37 6 32 50-32.80 32.65 o 21 

• f~rst day on wh~ch pr~mary can be measurerl (day 5) 

'-- . , / ....... '" 

"'- ... 

" " 
Cl 

( 

n 

6 

-5 

, 6 

5 

1 

2 

'W 
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,~ 
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Table 3. Av~rage daily increase in tar5us. antebrachium. bill ~nd lonR~Rt primnry 
feather lengths for 1984 and 1985 combined for tho En'stern Hluebird 
C~i~ü.tg .§l.êl.ll,'i) in southwe~;tr'rn Ql.wbec. 

"TARSAL LENGTH ANTEBRACHI{\L LENGTH l)Il,r, LENG'l'1l PRHlAHY LIWG'l'1l 
AGE n INCREASE INCREASE INCREASE Il' INCREASE 

( d ay s ) ( mm ) ( mlll ) ( mm ) ( nun ) 
_________ A~ ___________________________________________ ------y------------~-------

, ' 

) 

...... 
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Pg"tterjlo of increase
c 

in tarsus length for 1984 and 1985 1 
for the Eastern Bluebird (~S!li!:! 

\ southwentern Quebec. 

1 

The bars repre~eld thd range uf'values for each. age. 
1 

The numbcrs represent the sample si~e for each age. 
9 
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AniebnlChial Lengt,h \ 
1 

'1'11,-, gn)\4Lh Dr the élntebrélchium closely parallels that of 
, 

LI!" L 1/',11'. j,,] \,III' til':'!' niglJL d;\y~) u1' life, Vallle~ for each day 

dJ'" Vr.;t'y {'lu jr~ l'or Lite Lwo body pGlrts (Figs 3 and 4). However, 

t.ll'-: (~1Jl d;:\y Lhe antcbrGlchi um ùecomes longer than the 

t;t/,:,Il >. 'J'}jf~ levt,ling off of gro,wth for tbe antebrachium i5 less , 

, dlV i (lI (', LlJ~tn \,lIa L of U1f~ tarsus, The 1ll0st rapid growth occurs 

lit t IV';,,!! dd'y');; and 1:3 (Table 3) The largest average increGlse 

',\'<;1' :\ ('II'; d,\y p~'riod W::\'3 ;) 94 IlUll frulll the 4th t.o the 5th day in 
'r'" 

A two'w;IY' étlJ.:ïJy·:;j<, uf v<-Il'i-:Hlce cumpo.ring survivllrs and 

-Ill 'Il, :;\ 1 l'vi Vu 1" \ ~JhoWI..~d t.ha t tllürc i s no diff erence in autebrachiay 

lt'll/J,UI, ;\1. () ~illll 4 d.::,ys of ;JLit~, but there is 'a signific-ant 

df=27, p < 0.001), with survivors 

~ Bill Length 

bll 1 long l.b Lloe:.:; not ilH~ l'case as rapidly a;3 
l' 

,11lt.<'l)l'0c;hi.:d nwl t;u'sal longth (Taule 3). It begins to level off 

\ 
A t.Ho-way an.1lysis of varianÛ'e performed un-survivors and 

1)<'1\ !~lll'viv~)r:~ !.>llOWt"·d tlw.t there is no difference in bill< length 

·1 and 11 d~:tys The larges t average incl'ease in 

1,t'n!~tll i Il ("'Ilt-' d.:ï)' W~tS 1 32 mm from 3 to 4 days of age in 1984, 
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Flgure 4 Patt,G':rn of increase in cmtebr,lchial lengLh f(lr llW4 and 

1985 for the Eastern Bluebird in 

southwestern Quebec 

The bars repre:3ent the rcmge uf Vdlue~) fc,l' f:itch <\1\1":, 

The numbers represenL t.he sample si?:" for o(1ch age. 
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Figure 5 Pattern ai inerease in bill length for 1984 anJ 

for the Eastern Bluebird U;ialla ------ - in 

southwestern Quebee 

The bars repre~}ent the range of vélluefj [or each agcL 

~ 
Th(~ nu nbers reprE':jcnt the sample si~~e for f~uch age. 
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Length of Longest Primary 
JI 

J\ t, t.he lIGe of ;) i x day s, i . t~ . 
~ 

U1L' day JI t,L'r wh 1 t~h t Ile 

• 
pr i ma l'y (, f ,S U l'V 1 vo r~) .::wd 11011 - surv i VS)!·.s . 

day!.) u diffcr<::llcc hdS l)ecolile apparent (L::;~.~)l;l, dt::j9, p " () O!,) 

the i3ul"vivors bein/:', ;, i /1 Il i fic H n L 1 y longer LllZl 11 t 11'J ~~ (:' td' !.lu' Ilun 

... 
~u l'V l vo1''":; ( L =- :'i 4!J ~l , df--: 1 ï , [> <0 Uu] ) , .3.nd al. 1 1 d:IY" thu 

!j ien if .Lean L ct if ferellc<' is c;tjll )bviou<'5 ( t.:- :3 (l4~, LI f - ;~u , p " 
OUI). 

t.o in 

l enet.ll 11y 1 1 '72 mm 

Weight 

analysi'3 of v3ri<1llce for diffel'ences il! weighL }),-'LYI'Jéll ~;uJ'vjv(Jl!j 

and non-survj vors fu] l a w.=:' t.he Sdllle p.::d.,tern a:3 fur L}I!.' 1111 !..!.:Jr 

me05uremcnts, There 1· ,-.:.> !l0 dif ference. a t ba t,.:;h and a1~ 4 day:, 

p < 0 001) 

Périud oceurred from age 11 days tu Cle;e 12 day~~ in 1~JU1 , 
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in southwestern 

f 

Tb\:' b.:ll'.'3 l'Opresollt the réinge of val ues .f or each age. 

The: Illlmbç:r~ reprc.5ont the sD.!llple size for each age. 

--
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Growth Rate 

Tht~ gTI)wtb r:i tl.~S of CIl L ne:.:itling:3 Were 0 céllculated for 

f j ,,1 d ~--;(!i\S( JIU,. Calcul'":1 tillg the rate wi th an asymptote of 

Ricklefs (1967) method. , 
1 

j'] L tJ nG th'(! be s t li n~ by eye through 1.,he converted \ body 

'l'he· va l UC" of 27. 3G w~r3 chù5cn oy b ., 1 h ota] Illng 1 t e 

(d' tl1e lli[Jh/;[jt wl.:!lght at.tûlned by aIl surviving 

i r III i y i d Il.:! J :3 Va lUl~C) .3urruunJing 1.,his average of 27.44 g were 

\ 

the une Ci y ing the longes L straight line was 

t!1:L'·I·milil:d. ~";urvjvurs h<td él slgllific<:tntly (p < 0.001) higher mean 

{',rt1vJLh oz = 0.438) than llon-survivors (K 0.300) . No 

c , 
.,i".lli fi\.'illlL d]fi'-~i'cr)('~ CP > 0.0[) Wi:\S found between the' me an 

'l'n c'(Jlllp-lr8 "Lhe urowth rates of diiferent brood sizes, 

'-lIlly hn)()d~', lu which aIl.. llestUngs reached fiedging age were 

Tht.'!J.'e Wei:") ont.:' urooc.l eacll of clutch sizes' one, two and 

~)(wen brùod5 of four and three broods of fi ve . There was 

JJ() :i i gn if j l',:W t <11 f f to::rencc (p )' 0.10) between the growth rates of 

t.h(O diffore'Ilt brood si;:;es when the mean value for each brood size 

H~\:' u!;:~cd. TIH: average growth rates of e~ch brood s ize were as 

1 [{ = O. 51 :J, :2: K = Q 469, 3: K = O. 436, 4: K·= 0, 414 

f{ - 0.444. A Spearman Rank Correlatjùn test performed on 

Lht!:";c' fiVt~ values nwc.:ded no sienificant differences (r = 0:7, p 

'·0.11)), 

1 
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Age at Nest Departure 
\ 

Althougli prec13è ages at 
.. 

nest departure wero not 
1 • 

obt.ained, i t can ,be said wi th ccrtainty that no young 1 eft. the 

ne.::;L before the .::tge of 16 dQ.y~'5. MosL b-ruod5 ,(n:::'1) Jal' 1. afLur a 

minimum of 1 7 days of ûge Rnd û t leBst' two brood!:i i>1 t-'1' t. nfter a 

minimum uf 18 days. " 
.Q 

Although almost twice mélny nest.s were ,built in 1905 as 

ln 1984, only fi ve more young were f ledgt.:!d (T ;~bleo 4). 

Predators, Parasites and Weather -

Two nes Ls were .destroyed by prcJ0 lors shorLly before the. , 
n 

young were.due ta fledge T~() 'young Wf~ü f ound j Il t.he llUf~ t box 
1 

with hroken necks at an age of 19 days The oLher two ml:mbcr!::, of 

the clut.ch had disappearcg, but whether they were alsu preyt~d 

upon or whether t,hey f leclgecl is not known. 

three members of a cluLch of five were dismernbûred in the Ile'lt 

box. The other two ye'ùng dis,::lppeared. The mU:Jt lib.?dy prl:(]'.d,l.Jr of 

these boxes was a Raccoon (f!-:.QçYQ!l l~::tQ[-.) Tllc y(Jlwg l r}, two ot.her 

boxes apparcntly died of stal'Vù t,jon nf ter 

[lù.s~iibly H!3 a result ui predatiun by :.m AIJlI..:'t'ican 

Kestl'el 

boxe:.> ou several occ;éisions. 

by one at one-day intervals. 

t.hi'J was a re.sul t of pl'cdat l on or· wh(:th(~r th~;y cl J (-:d t) f d l ':l.:3~VJ 

.. and werè l'emoved by iJle parollts. fJtal'vatioll wa~, unt a r;[Îu r j'3 of 

their death Butl! parents were.0bservéd feedin8 tho young. 0 
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Tabl.:: 4 Ha~chl~g, fledging, nes~l!ng and nest success fo~ the Eastern 
Blue:'lrj (Sialia §.ialls) in the Huè.:::Qr. - Rigaud regi0n of 
so~~hwe5tern Quebee. 

,-
YEAR c 1984 1985 -1984+13'85 

NO. OF N~S7S 12 
~ 22 34 
• , NO. OF EGGS LAID 54 100 , 154 

NO. OF EGGS HATCHED 30 53 83 

NO. OF YOUNG FLEDGED . 2~ . 3Q 55 
( HATCHING SUCCESS (%)* 5~6- 53.0 53.9 

FLEDGING SUCCESS (%)+ - 46.3 30.0 35 7 

NESTLING SUCCESS dn'-- 83.3 56.6 66 .3 
~ 

NEST SUCCESS (~~) ~ 66.7 36.4 47'.1 

... 
*H~tchlng suc C e ~s percent of e-g g s that hatch 
+F l e dg ln g success percent (If e:;.gs produclng flèdg·~ young 
~Nestllng suc'cess percent' young WhlCh t,atch to fleu~~ng li.E rH"; J NG 

#N est suc ces s 

, , 

l' 

HATÇH 
percent nests wh.ch fledge at least one young 

~ 

X 

d 

100 

. 
<> 

~ 

,&::.. 

U1 

" ! 
1.. 

s 

' . 
'7 

~ 

-' 

-""II1II 
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Many 
1 

bluebird broods 'were infested with blowfly 

(Calliphora) larvae. Thes0 magguts were usually, attached to the 
, ' 

ta~si, 'but in heavily infes-Led nes Ls -Lhey Wère a l~;o on the 
, 

abdomen, wi~gs anLl head of U18 bu"cb. How('vel", ,~,hi~3 lwavy 

infestation occ,urred in only 2% of the nests und Lhe Illdtjgots were 

removed when the bi rds were two day s 01 li. 'l'bey ejj cl I1ut. n.:cnr. 

One 
Q 

entire brood of five died after a clay 01' he<ï.vy 
f (~ 

rain 
0> 

. and cool telllperatu l'es (13 0 C). 
'", 

Thcenestlng Illateri.:.d WU~3 wot and 

the young Rppea1' to have died as a 1'esult of thi:>, The male-

parent was seen at the box the follow~ng day, Du-L the female was 

Ilot seen again. 

Two prcdator~ responilblo 
1 

eor t.he de:3tl'\.l(~tion ui' egg~~ Wt:re 

House Wrens and House Sparrows One box exhibited clussic signa 
. 

of House Wren predation, wi th f j ve pi erced cggs (Zel eny 18'/6) and 
Q 

a Hous~ Wren WdS found in a box 25 III away. lIouse ~)parrows 

destroyed two b1uebird nests by building their own ue;:;-L::.> Oll toP" 
D 

.of the bluebi1'd eggs. A, third ,suspected ,pt'edator WH'; a Red 

'" beloî a nest box and fi squirrel was frequE::ntly jn the (.\}:e;l~ 

\ 
The1'e was an intere,'3ting occurrelJCe at 0110 of tll/: !lests 

" 

\ during the 1985 br(:'edlng seaSVl!. A clutcll uf Lwc> ee;gC.l C(lTlt~dld ng 

both the beaviest Dnd narrowest e[',{!,s of the season, wa'~ f uund in 

a. box in whl ch a broocl of f j ve hac1 bef~n reared. 
l' 

Th(~ fi \l(: young 

and the parents were often seen around the box and it wa~ a~Lumed 
" I~ 

tlJat thé fcmale had laid these eggs a'J her :..;(-~cond cl u teh. The 

female seemed to disft'ppcar durlng the last d,')y~j al' Incubation and !1 

'" 

, , 
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(' . 
~he only birds seen around the box after this "tifue were two \ 

Juveniles from the first bl'ood. These two birds were often seen ( 

direcLly at the box, but were nevel' seen carrying any food items. 
() 

Only UlC heaviest egg. hatched, but the hatchling died in al1 
~ w 

t'1Jl1é1ci ~t ted' condi Li 011 four )days aft.er hatch. Its weight at hatching 

\. 

wa~; 5 Lllli lé-tr· to the hatchÜ1g weight of other young. It appeared as 

Ll!ough the twu ~uveni les were at tempting to raise the hatchling, 
o 

but that they did not yet have the experience ta ~o 50 . 

• 

f} 
:' 

\ 

) 
1 " 

o 



\ 
/. 

48 

tISCUSSION 

The one month dif1crep,::mcy ln layinc d,IitC.:.~, butWf't'll UH14 

the 1!J8b breeding 5l:ét<.on in Lht~ :JLudy ~\re.1 (~()lll,-."!idi· l'ttl~it,ly wi.Lh 

those given by Peakall (1870) 1 ;\y i ng ln 

P~j,::d;:all ., ( 1870) for Oue bec and Ontal' 1 u . 
, 

l':-lyin/2'jlJ t.he 3tudy ~rt:);::1 was ic1enLit:;!l tu Llle Pt:::~tl~ lllyillt~ p' .. Œ,iud 

j 11 Pealç<.Ü L' s study. 

uy Pe,:Ü~3J 1. 

Clutch si:.:es for the Iludson-Hlg,:wd regioll durjrl/~ \.lue: 1U84 

• J 

and 1985 breedinG seasons Wfc:re very clos,::. 1,0 the' Célnadian 

The nOl.'Jll3.1 clutch ;:,ize for Lhe Eél:~tt.::rn BLuebird L:; four 

fi to six tJ[J,gs, with five beinG the most cummun ( Lasl~ey 1 n:3U, 

I-l .. 1l1dlton 1843, Zt:~l,:)ny 1876, Pin!{uw::,ld 1~),/7). Pr!3k,tll (l~n(J) fU~llld 

the average clutch 5ize for southern Canada a t Uw peak nJ tho 

bn~E:ding Seët3011 t,o be 4 . . 3!S, wiLh an ovcrall ét~ -~g~ of 1 1H 

o 7~ (n=51 nests) 
r 

Tbe rallge uf èt];g weiehL;) ln thi'~ ;,t,ud} W;t'J .<Jljt~hLly Hldur 

t.h-J11 t,ho nlng'", repurted. by f!i.1milton (lU-13) fur bJ w::bi rd" n r !!,Lilig 
i,;:f-

in NCH York. Banli l Lon iuund (:-;[5g.'J to Hf~ig}1 bèt.wr::';rJ ;-~ !J~) I~ ,Ult! :1 ~~~~ 

g, while the eggs w.~iGlled in tlLl G ~ t..lldy nUIg( . .:d j' J")1Il ;~ 4 ~ I~ 1,0 

J. GO g. lIuwever, 
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Tw(~ 1 V(: Lü 1 J ùays were found to be the normal incubation '\ 

p':rj()(J in Ulis [jLudy Burns (1915 in Hamilton 1943) has s~id that 

Ilw IIl1'l.d),d,j ettt"p.:riud fot' bluebird~ i~) 12 clays. Hamilton (1943) 

1 (JllIH] 1:: Lu 14 (1<IYs t/~1 be more accurate for the birds h~ studied. 
, 

'j'lj(~ J"(~Jtl\,j()ll.',lli.p~.J beLween e[5g measurement3 and cluteh" 

'; i ;,'; and Il,\ Lcld 1113 SUcCùS[j weI e not very clear. 1'1101'0 was a highly 

,i/'ldflCétllL p()~JiLlv(:! r~Jallor13hip beLween t~gg wejght and cluteh 

lHl L !lO L f u}' f~[';g wc i r;ht and hatehing suceess for the 

j Il :)ou Lhern Queb~c. Quinney (Ill:::'. l found that egg 

W,\ i l:!d. di d not vnry wi th clutch si;:,;ein his' study of Tree 

:;W,I!!(lW!, jn ()nLu·io. l{cmdt:;;igb g.1 .!:!i_ (19[)o) fOUllÙ that larger 

l'IIIL('jlt'~j of thc5 Bouse IWr(:n cOlltainl"'d heavier eggs, but they were 

Ilfltll» IJ Lu explain this phenùmenon Howe (J976) did not find this 
. 

l't. LI Li ()n::.:;h il> for CUlIlmoll Gracklt; egg'J, bu t thought that egg weight 

WUlll d llrn lklbl y decrease in clutches larger than five Coulson ~i. 

;11 (18()~J) .found large intra- and interclutch variations in egg 

\'I)tT.\)!;lL1PIl bet..ween e~tJ weight and .hatching success for this 

hllldlinl ::.:;ludy agrcès with the findings of Schiffel'li (1973) , 

h'h\)!,C' :,t.udy '-ln the Gl'èCtt Tit revealed the saIne result. 

'15bc:n:;ûsiug eeg wcight wi th decreasing clutch size was a 

( 

r llHl iUE OPPO:, i t.e to what was expected. It would seem li1&ly that 
;fJ ' 

f(}lllalt\s wOLtld eithcr put their energY,reseY'v-es (protein and fat). 

j nt" é.l l~U'gt..'. clutch of smaller e'ggs or a small clutch of larger 

" Slagsvold Qi. ~l~ (1984) stated that variation in the size 



so 

of bi reL;' 

f clila l ':~ The re:Hdts frolll this ~;tucly !Hay inclh~t\t(> t.hnL 

\ l;} Y j n ~ ~5 m a J l p r t' lut c li e :'i' h Ll V c· f CYl e r r e ~) ~. 1" V e fi , <1 V ~l il; 1 b l (' Lay l ng .1 
( 

\. 

f eJiîa l e is in less th an pr'ullo cnlldiLion alld jfi c;q>;\blc' u1' 

llnwever, aCC01'(Ung Lo LUllJ.hel'l~ and VIIi ~;HIWll 

(1979), i Lis more "dvc1n t.:lGcou~) 1,0 l)roduc(~ onn t'I',H 1 (H;::; 

unf avour3bI e contli t,i llns th an to dce reuJ e e/'J~ fi i ;:L' h,,! ~')Il~iO :.1)),:,1 1 or 

eggs Iead to Jecreascd survivorship of young, 

Eastern BJuebirJ ne:.:;t]j'ng:..> élIJPL':,l1' t(l <tLLédn é\ llllo!~t . 

complete growl.h i11 tarsal <:\l}d ,mLehrdcbial len~~th by th" tirnn 

tlley f J et Ige ,The bill alle! the longe,cIL pl'Im;ll'Y 

fled8Iing~:; are shorter thnn those of the adul ts, 
. 

f I(~tlgj Jag j s nI so close t,o tha t of tht) atl~1 Ls , 

t11is wtüght is l05t i5 Ijkcly as young bluebl rds bcgln tn nxp(~nd 

energy foraging orl" t110jr own. O'Connor (1976) found thaL nesLling 
, 

Blue Tits (EQKld§ Q9:~K!dl~!d§) and Grea t Ti t,s vary l3T(~a LI Y in 
J 

weight. The beavier youn~ probably have extra :Jul)(..:uL;llJ(::OU~J fat 

which acts as a food reserve whjle the young are l~:.JldnlZ to 

forage on their own He st,ated tllat the heaviur young aru more 

likely to surVIve than the lighter one!:>. Welty (19U2) Bay~ that 
1 

young tha t Ieave the nest at, close to adu l t We 19b L of Lc~!J hav(~ 

extra fat reserves that help th(~m to ~3urvi ve pf..!riods of 

shortage as they reach independence. 
, 

The tarsal growth of the young bluebirdc in this ~tudy js 
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;,imilar LI) Ult~ Lar("~al gruwth of tJle captive young in Pinkowski's 

Av,iyage Larsal length at hatching for the Hudson-

I\JI~,:tlld bluobjrc!:3 wa.'3 7.38 min with the most rapicl periocl of growth 

ll/'l~illllÎlJ!{c on the third day. T~u·sa1.. lengths at day 11 were 

Dy day '1 the tarsi were erowing at 

tll,dl' Jill);," nq::\jd l'aLe. At dcty 14 they hnd reachecl 21-22 mm in 

1" ,LlI !; 1.11(1 j (~!) ./ 

TJw ,Hl Ldn:ach i Lll l engLlls fo 1" the Hudson - Higauc1' bluebircls 

H(~I" "('ll1l'[ln~d te) 1.,he t.arsnl lcngLhs and it was found that th~/ 
/' 

,II_ Ll'br':JchJ uXèc:c:dl:d LÎle tarsi in] ength by f] edgj ng age, but b'oth .. 
;lPP"llddgt'!i W(~ 1'e c l030 to adnl t leneth, whcreas the bi II was sti 11 

\ 
The young bluebj,rds'are fcd by their 

J).II·t·Ilt.~; <1fLcl' fludgillg, but tlley arc responsible for their own 

Il)(·uJllu1.,jon. l t L" likely that.. aùul L lcngths for the antebrachi 

:\l1<l L,ll·~;.i (He more important than adul t length for the bill. 

'l'Ile weigllt r~H1ge for. ~ewly hatched bluebirds 'in this 
, 

!~ Ludy Wi15 simllar to the weight range in Pinkowski 1 s ( 1975) 

;, t Ildy in MichlgaH (1.7-J.1 g .:lS opposed to 1.8-3.8 g) . 

'l'hl' r.:-\ t,r> of we l ght Gain in t.hi S study seemed to continue until 

The weight continued to increase after 

Llli!3, bu t i t did 50 at a lower rate. The asymptote was found to 

It.. oCèurred at 13 days of age. Pinkowski found that 

(he rate of weight gain levels off after 5 days. The pattern of 

( h't>l ght incre.:lse for the E3stern Bluebird can be compared to that 

~,f other spl'cies. Lack and Silva (1949), working with nestling 

"-..) 



Eurupeun Robins. fuund the welght llll~l't';~\:)e dUl"in/1 tIlt' flr'l\, lU 

dZ1YS of l j 1'e 1.0 be extremely l"tllnd. nUl' i ug tht, (1 r~;t :) d;\y~; :\11 

Hd gh t by up to 1 0 tilll(~.s 

by B1?1'kowski (1975) leveled off anB approtH!hed ml .:\!wmptutu of 

':'.7.2 g at 'an age of 12 daY~i The ltoavjest welt';ht rVildled by a 

ll(~!c;tling in Plnlwwsld's study was 31.8 g fol' d lil-d.:\y uid f'nmnlu, 

while ifl this study it was 31.5 g for an 18-dZ1Y old bin\ 

Large di f ferences in wolgh t may OCClU' for t;dl~h clay l li 

ECtsterl1 Blueblrds. A rCtngo of 6.79 g was f ulmù LI L ;Hlt~ il dnys j n 

1981', the lightost bird welghing 8.21 El Ctnd the heavl~)st 1b.O g 

A l'aneG of 10.63 og WCtS found at age 8 délYs in 1 ~W4. Sevt:n,l more 
• v 

suet differonces were recorded for botll 1984 and 1985 AlI birds 

mcntivnod are individuals which survived to fledgirill. Lan~e 

dif ferences in Wf~ i ght occul'red for several age'; i fi Eu l'opùan 

Roolns (Lack and Silva 1949). 

dnys iJ1e lightest European Robin weil1hed 7.8 g whlle't.h(! h~avi(Jst 

weighed 14.1 g. On clay 9 5 Uw l ightest wei glwd 14.!l e <wei lhe 

heaviest 21.9 g. 

Diffèrencè~) in the lin0~r measuremunls ~nd wl~ieht~1 uf 

young surviving to fledging ngc and~ thof;>e dying 'un or br!fon! the 

Ilth day of life were are nut apparent at hatclunr; It wa'i not 

possible to predict which indi viduals wi 11 surVl vc by cxami nil!g 
, 

hatchling measurements. A differenee WélS still nul app~rnnl ev en , . 
on the fourth day. Only by the l1th dny was therc lA !~lgl!if1tJant 

\ = 



rJ i j If;)'(;lW'· 11l;\',HI_'Cll U!f' IllC:élsnremcllts of survivors and non-

,Il t", i '/(11'). 

:;llf J;'lf ,<1 up 'ln the 7 th day. 
1 . 

'If'('111'1' li lJy Lh,~ !1L}1 d'-IY. 

LU Uw length Cl f th8 ] Ol}gost primary 

SiC"ulficnnt differences in weight 

'!'J)t,~ 1'il/':t, LhaL rJUIl-:,urvJ.vul';::' gru'1' normally for the first 

:J p,;ri,,)d dnri 11/3 which 1'np1 d growth i5 ta1üng place, 

:.11/',/"''''(..' Lll::tL Lhey llléJy oe normal at hatching. The parents for 

':;/ .".: rd J 1;[ Lb,: nOll-- SIll.'vi vo l' s di sappeared, perhdps abandoning thern 
" 

Huwever, the normal growth of 

53 

t.ll/·~," br'()ud~, .sllL~gu~ït!.:; tb-nt Uds might, not have been the case. 

l'bllY 11l'()(J(h Ht'rO ln fr-!sted wi th Iblow· f 1y (Calliphor3) larvae, bU/ 

Ul' illre';L~ILl()1l (Jf 'llon- ~tlrviVOr!-i wa" not heavier than that of 

The po.ro.,sj tiSt~cl birds gonol'ally hacl only twu or three 

The main reasons for 

n,", L llng dea th::. appoared to bt~ !incl elTlem L weat,her and starvation 

dll,' t.o nb~HlJollmun L by the parents 

b lll,·bl rd" 

"" t, .-. { . g 

TIw Hudson - Hi l~aud bluebi l'ds in thi.3 stu,ly grew at a rate ,. 
wlth an asympt.ote of 27 35 g. Ft~kowski's (1975) 

bluebirds had a growth rate ai K 

(1'167) t calculaled a growth rate of K 

llleé\:"lured in New YorlL The GsymyJtotes were 

<lnd 2'1.5 t{ respectively. At first gl.ance it 

0.488. 
('", , , 

o 462 for 

measured at 

may seern 

\llIl1~'lI.:d that the m~)~;t nort,horly birds should have the siowest 

gruwt.h rate. ExpecteJly, the rate should be higher because of the 

However, Pinkowski (1975) reported that 

blu,-;birds in ~1ichigan are double-brooded. Peakail (1970) aiso 

r 
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founel that blueul rd~ éu'e duuole-bl'(loded througliouL llll):')t of their 

range. Wi th only two exceptions the bi l'lis in Lh~· l1Ud~ll)ll- Hl gaud 

area III thi.s,study dld not .:ltLempL to rai~.H~ Lwu ln:oolL~ PO~I~\lbly. 

thi sis the reason for the luwer growLh l'<..l Le Tho pa n.Jld.!J mny no t. 

fccd cheir younG as vigoul.'ou~ly é\~; Lhose olrcl~i dL'~,tlHL'd Lu ral!Jt~ 

multiple broods According to Quinlley (1 UB6) t.lw Pi.\l'tJl\t.~; mny hl) 

oxpendlng less energy wi thout reeluc i ng Chu t,oL;ll co:\ L:, tJ f 

produeing a fledgling Al t.hough he gons on Lo ~,<1y \.11<11. l L \. " .. 

to reduee the ri sk of predation whll est i 11 in tho not. L, nrowth 

ra tes arc h~ld in checl~ by phy~::; i oJ ugj Cél] f acto r~1 ill1Ù by the 

provisioning abillty of the parents. The growth p<JLtet'n lIlay bo 

aùj u:, ted t,o bal ance the erlCrgy budge t ur the r mni l y frruup 

(Ricklefs '1968). Bl\.wbirds, being eavity nusters, cnn ,d'fard to 

héwe a slower growth rate. Hole-nesting specie!3 f','encr:.tlly gl'OW at 

a slower ra~ than open-lle~~ting spocie:} becnu~je 

pressure on cavity-nesters i8 not as Great. 

<' The fact that thore was no signifi<IJlnt djfferen('~') in 

growth rate between brooùs of different siZO'J wa:5 illt(jn~~Jting 

Crossner (1970) studied different brood siZO::3 (Ji lllfè Europoan 

[;LCtrling and founù that individual::.; 'in largo broodh (llp tu r>1ze 

10) reached the sarne weights as individualp in smaller braade as 

long as a large supply of food"was present. Ricklefs (19H4) f81~ 

that size of nestlings is related to parental caro during the 

growth period, but that final 5i2es of the body part~, attained 

after fledging, depend on genotypie factors. Lack and Silva 
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(1~~t!~J), dit! IJ{>L c:.xlculnLe n gruwth rate for their European 

j{'JhJ!J:i, Lut did filld a difference in average weights of broods 

Lec~ (1949) obtained similar 

MurLon 9~ 9.1_ 1974) found that young Woodpigeons in a 

1> ,'uud of 1 grcH 11% more :=;low] y than young in a brood of 2, 

Lht·y a t Lained 10% hi gher asymptotes, Young in large 

b",l(l(!;; i1ppùal' Lu gTOW more r"pidly, but rench a slllailer size than 

,Y'<ll1l1n 1 n :illlU II (~l' broods, 

WIII:ll yUlHig sUl'vi ving' Lo fle~g age in thi_S study were' 

('O!lll)(ll'<:d Lu YOIHlg dying while still in the nest, the survivors 

',llUlYl'd LI:J l gn i. [i c.:m l.ly higher growth rate whi ch was qui te close 

Lu I.h,\ rates given by Pinkowski (1975) and Ricklefs ("1967), 
). 

(;l'()wLli uf t.ho non-survivors wn~J significantJy r,educed, 

ApproximaLo ages at nest departure for the Hudson-Rigaud 

blul'bil'lls aee similar to that of 16 and 18.8 days reported by 

ILHnl 1 Lon ( 1943) aud Pinkowski (1975) reqpecti vely The youngest 

hl t'Lb tü le.:we the nest in his study were 16 days old and the 

llldcsL, ~2 days old, Gowaty (1983) reported the fledging age as 

1ying botwl~en 16 and 21 days of age. 

Di.sturbing young bluebirds after 12 days oi age 

lends to premature fledging (Hartshorne 1962, 

I-'inkowslci 1974,1975, Zeleny 1976), Most of the bluebirds in this 
, " 

~tudy \-lèt'e h,::ulllled up to cm age of 13 to 16 days and the fiedging 

~gos correspond closely ta those in studies ~,h0re the bluebirds 

Hvrt: n!,,)t lUsturbe-d, aftür 12 days. This fincling contradicts the 
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P lnkowsld ( 1977) f ound that nesting 5\lCCeSS was l.owest 

for cthe earliest and the .latest nests. Spring and stullmfJr non Ln 

in his st1tdy Were 5.2.5% and 51 6?{. :::;tJ.c..;û;3sflll n'~lpl:lct,j valy, 

whe.l'eas G9.2~~ oi' nesLs bull\. ln the inLcrmedint.c p~)l'\od WOl'C 

succes.3ful. However, becauso bruod .512,t) wns l:"ll'gf:;3 t III the !3Pl: j ng 

more young wore fledgeù from sprinu clutcli(~!) UWIl j'rom 

inLormediate or summer clutcl1es. The nes ts in th i s ~1 tudy in 

,Hudson-Rigaud could not be di vided in Lo oarly nnd l at.e pori o'dn, \ 

but ,the overali nest success for 198·1 WéiS Ei6.7?~ and for UH35 iL 

was 36.4~~, wlth 25 and 30 bluebirJs fledglng. The lBU~~ and 1983 J 

. breeding seasons were more successful wiLh and 44 young 

fledging rospectively (Jackson ~982, 1983) It 15 possible that 

\ t.he lower number fleùged during the 1,.40 Seasons of thu :l Ludy was 

\ due ta the disturbance caused by the observer. PredaLors 

iHcl uding House Wrells and raccoons wore f oL1 nd LO b(~ Ul(~ ma in 

reasons for nest failure. Cold, wet weatller was nl!1o d factor. 

" Two broods were lost af ter a clay of heavy l'Ct in, uut jj, èould Hot 

be dctermined whether this was due to lack of fuod or lo the cold 

l.empcratul'e. 

• 
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{ 

CONCLUSIONS , ' 

The b(~gj nrd ng of tld {; ~)t,uc1y c1eal t wi th the initiation of 

1 
lnyJup" cllltrll ;;i7.0 nnd egg ;;jz~ of the E~n Bluebird, There 

\. 
1/:1-' Il'' df'I';'I/t'JJI, 1"'-"'1.~'}1l f',e Lh.-~ c-at'lit:'l' st,Clrt. to the breeLlitig ,. 

The ped od,,:; of pettk J ayinl3" r;oinl'ided ,wi th those 

The breeding 

Hf18) , South in Mi dd gan ~ 1Jkow;Jkj nn 5, 1 :3'1'7 , 

lU8J) and T~nes~ee (Laskey 1939, 1943), Clutch " (:'t!'oLilJ;:\ (C')"Hl ty 

:1 i ;;c~ :\uel een :3i2.(: Wf-~re s.i:-nd lar t.o the sizes reported in the 

1 i t. ('1 [1 L 11 r,) , 

'l'he Lir3L ,'l,peel, of Eà~3tern Bluebircl nef.d.ing ecology 

1 ()()kr~d .'", t W,l~; th("" rt-' 1;'\1; j ol1;;hip be tween egg measurements and 

V~ l'y i ng ex tu 1 d.:.d. coud j tion:=s Tl1e CtnSWerftc> the iirst research 

WCt;:; lJ(:::tl~' t i \le: ECg ,-::,j;:;r: decrea'3t'd as elutch size 

'l'hi') IlJll'XIH:d,c~l fjnding i!:~ difficult to explain, but 

'l'lie' ;.;e'_'UllLl '}ue;:; Li.m, wlll_,ther ('gg :::,j ;3t: wi Il bE' the samé for 

Th(, Lili rd qll~':' LIll)] Illl\~)t oe eV31tl~1i.,ed in the saille way. 

( 
Egg lengths 

• 
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did nol diff01'. 
'0 

in diffcl'ent gcographical -1reo.s. 

Ilud~')l'n·rUgalld clutc1H}:::' \wl.'rl~ wiUdn the 
, \ 

~t !i 

re'portcd by Hamilton (194:n ,:lnd Bont <(1!1 1 

.' 

Tl e secrllld aspect of E;--t,~,t.erlt Billeb i rd ecolugy 

w Lh ra tl:~.'5 of 

externnl conditions. The fir!'iL predict.i'JIL, wns th,,:, 

" 
tu fec.'cl é\ :3mt\11 brO(ld cffj(!iellt.lY'. 

Th,;l'C Ha" Il') ::;ignjfjcnnl. diffel'ol)/'e lw!,w(;f"n hrc)()d~) (JI' (JIl'~ nnd 
ù 

alld ,1985 young should differ' Thi:3 pr(~d.i('tjr.J1l \-1,\!, fnl~~n. 
, 0 

two ~ The cal ',:u) at./;:.(J gn.)vILIl raLe VJ lJ l' Il')/Ili/II 1'1)1' years. '\pP'~;ll"~ , , 
CI 

thi'::; ~-u-·è.::t . H. would b(' c~XpL"~ Ll?d LhaL ;) :' i f'. r J j fi,';\ Il 1, di r f('!} ':TlI~I: 

The la:., t. predi c t. ion, 

t.hose recI)rùcd in t]j':! lit.r:l'atuJ'l:; fur ll,~w Y'Jlk :Hld 11j,;ltignn, Hr.\!~ 
... 

j 
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W':-;:; ifd r: 1 n l,hi S 3J'(J..1 b'~Céfu se of the shortcr bl"eccli ng season may 
J 

!JI: 'bai:1l1'_!t,:d uy the..: prÎ~::;:::,ure Olt the southern bird::; to grow 

(lU i (:Id Y beeé.tu:-;e t.wo broods are ralsed, This may result in the 

'3imUilr gt'uwtll rat,(:{::i for the dlfferent latitudes, 

'l'he ~nf.:;wer to th-::,: quest~on whether grawth rates of • :,III'V j VI d':-; WU11l cl -on 11 i 151101' I:;han gruwth rD. tes of" nol1- survi vors was • 

Clll'vlvor~ had significantly higller growth,ra~es than 

Il' ) Il -:; II 1'11 1 '1 ( ) l' :-i , 

Ea:::;LI)i"n Bll\f·.J.)ird populaUons in the Hudson-Rigaud area, 

'" Hili],! IiC,t, illCl'ea~;jllg, 5CAlIl ta bo holding their own, This study 

bu L H}wLl!('r: or 110t they su!"yi ye ta adul thood could not 
",,, 

• 
\ 
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