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~
' , 'Eed-~houldered Hawks werè studied for tw~:seasons to determine 
• .[1 

" : . Il e diet composition and to measure th'~ effosc! of brood size ~n the 
. " 

• , • r 

. , feedfng frequency by the parents. Some aspects of thei~ growth 

wer~ quantified and ~he effect of brood size on the gro~th of 
. 

specifie body parametèrs;and forma of nest attendance were studied. 

Adult, brough~a wide variety of pre! items to the nestlings 

with Signi~cantly more ~l prey delivered in 1980 than in 1979. 

This annua1yaristion of the two main prey-types,may be related to 
~ 

winter weather onditions prior to each nesting season. The total . . 
w~ight of prey d livered in the 4-hour observation blocks was negative-

number of prey deliyeries in small (1 or 2 

n.ificant 

4 young) broods. Larger broods, received sig­

prey thsn smaller broods. However, indlviduals of the 

largest natural br60d size (4 young) were not fed as much as individuals 

" 
of the most cmmnon brood size (3 young). 

The growth'of bill, tarsus and tail~sther 
• p 

length were significantly 

different in brood~ of 3 compared to broods of 1. Some iqteraction 

between brood size and age accounted ftr the first two differences, 
... ~ 

'whereas brood size '1!iSne was responsible for the differenees in tail 

fèather growth between the brood sizes. No differerlcewas found fo~ 

wing feather growth or weight gain between the two b~ood sizes. 

Ne~t attendance in terme of freque~c~ of brooding and deliv~ry 

of greener.y to the rtest,·was greater in broods of 3 compared to broods 

/"'- . 
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A combination of .-in~reased brooding, delivery'f-of greenel'y and 

··-.p~et,c in btoods of 3 compared ta broods of 1, problb1y accounted for 

the dif~erenCe& in growth of èertaiù'body parameters. 
1 

1 

\ 
J 

.~ .' 

r 
/ 

1 • 

~ 

., 



. " . ~ 

-----------------------,------~'~.~ .~----------~----
I-i 

_·_--"t:--- -; 

1 

I~ 
, 

o 

/ 

lésumé 

M .Sc: 
, < Brenda L. 'Penak Œpirtemént des 

'~ssources Ibnouvelab~es 

'" • w 

Des Aspects de L'Ecologie Nu~ritional ~e-Ia Buse à ~paulettes 
~usses (Buteo lineatus liheatus) dans le sud~ouest iu Québec 

P~dant deux saisons, on a étudié les Buses à épa~l~ttes rous~es 
< 

dans le but de ~éterminer la'composition de leu~ réglm~ alimentaire 
~ 

ainsi que d'évaluer la grandeur des couvées par rapport à la 

fréqu~nce de,~'altmentation parentale. Certa~ns aspecta de leur 

croissance ont été quantifiés. En plus, les effets de la grandeur 

des co~vées. sur -la croissance des paramèt:c;es corporels spécifiques 

et la fréquent~tion au nid ont été étudies. 

L'apport des proies par les parents a montré une grande variété, 

avec une nette augmentati~n de mammifères pour 1980 par rapport à 

1979. La différence constatée entre ces deux dernières années peut ., 
~re, rèliée a~x conditions hive~ales qui precedent la nidification. 

Le poids total ~es proies rappor~es' au nid au cours de la péribde 

d' obsen'ation de quatre (4) heures a correspondu négativement avec 

le nombre de pr~ies rapportées aux petites couvées (un ou deux jeunes) 

et aux grandes couvées (trois ou quatre jeunes). Les grandes couvées 

ont recu une quantité plus importante de proie que les petites couvees. 
J ~. I~ 

Cependant, les oisi110ns de la couvée/la plus grande ,(quatre jeunes) 

n'ont pas recu autant de nourriture que les oisillons des couvées de . , 
la grandeur la plus commune (trois jeunes). 

La croissance du bec, du tarse ainsi que la longeur de la penne 

rectrice était considérablement'différente chez les couvées de trois 
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individus comparativement au.lt couvées d'un seul oisillons. L'interaction 
• 1 

• l 

entre la grandeur de la couvée et l' €ge des 01si110n5 expliquait les /j' 
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les deux premières différences (c'èst-à-di're, la croissance dr bec et 

du tar~e) tandis ,que la grandeur des couvées, seul.e, expliquallt la 
1 • 
1 1 • 

différence" de éroissance de la penne recti-i ce dans le CQuvees de 
.. • , .' <) 1 

différentes grandeurs. Aucune différence n'a été constatée e~tre les 
. 'Ii' , , 

deux grandeurs.des couvées en èe qui conce~ïna~nt la croissance des 
(" 

plumes des' ÎÎlea et l' augmentat~~ de poids. \; 
\ ., 1 

La 'fréquentation au nid, dans le sens de fréquence de 'couvaison 

ainsi que le renouvelement de végétation datlS Je nid, aait p1u~ im-

portante chez les couvées de trois oisiÏlons par rapport à celles 

d'un seul. \-

" 
Il est pro~able qu'une plus longue période d~'couvaison, 

jumelée à un apport plus grande de proie et de végétation, e'Kpl'iquent 

les différences de croissance de certains paramètre~ corpore1s'chez 

les couv~es de trois jeunes par rappor~ à celles d'un seul oisillon. 
.' 
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Preface 

Part l of this thesis was concemed with the determinatian of 
l , 

the diet in Red-shouIdered H8:wks and the effec t of brood size on ~ 
.J 

feediilg frequency of the parents. This was accompl1shed I»y 
, 1 

carding oDservations at nests and èol1ecting and analy8~ng pellets 

n 'botb 1979 and 1980. '. Part II of th1S thesi~ a:Lmed tO\.determlne the effect ef feeding , 

uency and parental care o'Q growth of different oroods. This 
. 

was ace li hed by continuing behav!oural observations as well as 

meaauring young of selected nest~ with different b~ood sizes every 

~ tl'J 7 days. 

Based on the results of behavioural observ~ti<?ns eonducted 

during the first rear of the study,new prediet:ons involving ~wth 

. and the effect of 'brood size were -generated. The first pape? '\ '"' 

therefore served as a basis for the second one. 

S"ne~ the quantification ~f growth data for raptors has not been 

discû9sed extend,vely in the litet'atur~ it was felt that the unique-

ness. of the data shou1d be emphasized. Th~refore, the growth ana1ysis 

was presented as a paper on its own. 

ln general, data collected for the thesis wen divided into two 

parts based on 'the year the informatio~ was gathered. A suffic1ent 

sample size and range of brood sizes facilit~ting the analysts of 

growth data werecollected on1y for 1980. Rowevér, diet -information 
Î' 

was aeeumulated for bath study years. This naturally lent 1tself 

ta the separation of the thesis into two papers. 
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Diet-ary compos~ti9U and frequencies of prey delivery in Red­
shouldered Hawk (Buteo lineatus) broods in soutbwestem· Quebec. 

Red~bouldered Hawks were studied for two sessons' to detenr.1ne 
4 • ,J 

the diet composition and to measure the effect of'brood size on 

~he feedlnl, "fre'Ytuency by the parents. 

Adults br~ght a wl~~ variety of prey it~s to the nestlings 

with significantly more mammal prey delivered in 1980 than in 1979, 
~ . \ \ , . 

This annual variation of the two main prey types may be related to 
" . 

wlnter weather conditions prior to each nesting season. The total 

'weight of prey delivered in the 4-hour observation blacks ,as 
! ' . 

negatively correlated with the number of prey deliveries in small 
7 

o or 2 young} and J.arge (3 r-or 4 young) broods. LargeX' b:roods 

received significantly more prey than smaller broods. However, 

individuals of the largest natural brood,size (4 young) were not 

fed as much. as individuals' of the most common brood Bize (3 young). 
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M. Sc. Brenda L. Penak renouvelables 

La cODlJlos1t:1.on altmèntaire de proie et les fréquen,des de son apport 
chez les couvêe!J de la Buse a~paulett.es ~ses (Bubeo 1ineatus) 
dans le sud-ouest du Qu4bec ' . 

, . 
rèndant dedx S,18011.S, on 'a ét!udi4 les 'Buses à épaulettes roUSSeS 

, v • 
~ . , 

dans le but de d'tertn:1ner la, cOl.'lPosition de 1e?r régime alimentaire • 
III 

ainsi que d' évaJ.uer la grandéur des couvées pat'''rapport a la 

fréquence de l'alimentation parentale. 
, " 

L'apport des proies par les parents a Jllontré une grande variété, . 

\"ec une nette augm~tation de ma1l1l'lifères pour 1980 par rapport il 

1979. ta différence constatée entre ces deux dernières annies peut 

être reliêe aux cond;ltions hivernale!!! qui precedent la nidification. 

. Le poids total des proies rapportées au. ntd au cours de la période 
• ,';C" 

d'observation de quatre (4) heures a correspondu négativement avec 

le nombre .de proies rapportées aux petites couvées (un ou deux 

jeunes) et aux grandes couvé~s' (trot; gu qUàtre jeunes). Les . 

gri}nd:s couvi:1es ont reçu une quantit~.'plus importante d~ pro!e q( 
les petites c,ouvées. Cepend~nt, les '?,..:f.si11ons, de la couvée la 

"" plus grande <quatre jeunes) ~ 'ont pas 'reçu autant dè nourriture 

que ,les oisillons des couyées de 11a -grandeur la plus commune 

. (trois jeunes). 
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M. Sc. Brenda L. Pènak -' ~ 
: ])ept 0 tif -:a.en~able, 

ltesoUTcés, 
r • 

!1tei:èlat~OnSh1p'ot'bToOd 'st~e ~o par~ntai- c~e ~nd growtb of' ,0 

neat11ng 1ied-ehouldered Hawks ~ut'èo lineatus} in soutbwestern ' 
Quebeco ' , *;' 

1 • . 

Some aspects of tb6.\groWt:b of Red-sbouldered ~wks 1!'ere 

quantified and the effect of brood s:l.ze on tbe growt:h 'of spedfte 
cl 

body parameters. and forma of nest attèndance were studied .. 
• Ii " 

The growth of bill, tarsus and tal1 featber lengtb werè '" 
\ 

signUicantly different in broods. of 3' compared' to broods ~f 1. 

Some ;l.nterac:tion 'between brood size and age accounted for the 
, ' 

~ 

firet two differences ~ whereas 1>ro04 sbe alone was responsible 

:for the difference in ta11 featner growth between tbe brood sbes • .. . 
No d:l.fference ~s .found for wing, feather growth or li1eigbt gain 

/ 

between the 010 orood sizes. 

Nest' attendance, in tènns of frequency of br,?oding and 

déUver)r of. greenery to the nest, wu greater in broode of 3 

compared to broods of l f 

A comb!nati~n of i~creased bJodi~g: aelivery of greenery 

and prey (Part X} in broods ,of 3 ,compared to.. brooJs of 1,. probabl)? 

ac:counted for the differencès in grOwtb of cer.:tain bod; par~eters t 
}" 
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LN~~~_~ de·laj~è°Bus .. a.~ett~ rou .... ~..,:1'~!a8) 
dans le fNd...ouest 41,1' Qufli"ee et'le'rapport ,ent~e"la grândeur, es III 
c:ouY~eJl, et; ,1e~ soma 'parentaux' . -- ' 

, ~ . . .. '" 
"" C'erta:1ns aspects de là· c:rois~anc:e des Buses ~ 'p4Ùlettes rousses 

, ~. . .. .. 
. on.t ·,tE quantifia.. En p1u~~ les effets 4e 1, gr~~deur des ~ouv'eà' : .. .,. ~ , ,. \ .. , 

.' ~l' la c~o:is8anee df!.s. P~!lJ::~tre8, c~rPorels 8pf.cff1qU~8 ei,h 
- ~' 

.. fré~),ntat:f.on au nid ont êtl êtudi' •• 

~ troissancè du,bec, dû t.arsé ainsi que la longeur ête ,la, 
, • ~ l " . . 

:- ,. ~ '" 
p.enne rectrice Etait con,sidlrablement différente ellez les couvée~ de 

, ,~ \ 11 

" . 
'~rois individus çgmllarativement aux couvies d tun~seul oisillon. . . ". 

L' :tnt:erac~ion. entre la -gl-andeur de la couv'e ét il âge des o:l.s~ions 
- • • ~ 'Ji , . ~ " 
~~iqua;lt ~,es, d~X premlèt:es diff~rences (c f est~ep la 

croissance 'du bec eti-du tarse) 'tandis què la grandeur des couvées, . 
'. seu~e, expliquait la ~:tffêr~~e 'de crois'sancé de la penne -rectrice 

, " 
P '1 ri -1 ' ~ 

, dans le couvée~ de,dilfêrentes' grandeurs. '-Aucune diffêrence'n'a 
o ~j --", ."" • 

ét" constade entre les deu#grandeurs des couvêe~, en ce qu:l. 
" . 

\ \ 

conéernalent l~ croissance"des plUllles' ~es'alles et l'ausmentatioti 

dEi,polds. 

ta frêquet,'tatioIJ, au nid, dans le sens de fréquence de 

couvaison ainsi 'Cl,Pè rè -reDouvelement de végEtation dans le ,nid, 
, ",' ~ 

, , ::..' . .' 
êtait plus importante chez les c.l!ouvées de tliois oisUlons par 

... f \ 
rappoX't • celles d ~Gn' seul. \ 

\ 
<$' Il es't probable qu tun~ plus 1ôngue ~êr~de ·de couvaison. 

~ 

, , . ~ 

jumelle' un apportlp1us grandè ae pro.ie 'et éle végéU,lt1ôn (pread.~re 
• 1 •• • , , . , 

partie) ,expÜquent les différ8;tlces de. cro1sSan,:e de cet:t.a1ns 
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,il celles a 'un seul oisillon. 
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Dietary C011lposition and Frequenc1es of Prey 

Cf Delivery in Red-shouldered Hawk (Buteo lineatus) 

Broods in Southwestern Quebec. 
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1. Introduc tion 

The influence of brood size O,D the feeding behaviour of adule 

birds and/or the g~owth oi their young has been documented,f9r 

severai avian groups includlng passerines (Lack 1954, Seel 1970, 

Cronmiller and Thompsoll"1980), seabirds (NÇlrman and Gottsch 1969), 

and raptors (Snyder and Snyder 1973, Mclnval1le and Keith 1974, 

Stinson 1977). These studies invoived either tfte recording of 

the adult feeding rates in relation to the n~er of young in 

naturally occurring broods or experlmentally removing or add~ng 

young to a nest and subsequently observing their"growth and survival. 

Such work stemmed from classlcal studies by Lack (1954, 1966) who 

hypothesized that the number of young for which parent birds can 

provide food 18 limited. Accordingly, young of à brood above such 

a Iimit tend to be undernourished, resulting in a reduction inlthe 
• 

,reproductive fitness of these parents. Such a prediction i8 
\ ' 

supported only if nestlings 9f la~ger broods receive less food 

than smaller broods and if fewer nestlings reach reproductive 
1 

,maturity. The ability of adult b1rdS to supply food for different 

brood sizes (as reflected by growth rates and mortalities) varies 

among species (Askenmo 1977), necessitating separate atudies of 

each species behaviour. 

In his theory of "maximum reproduction" Lack (i~54, 1966) 
. 

emphaslzed that birds have evoived a clutch or brood size producing 

the greatest number of young. In broods of larger than optimal 
~ , 

size, nestlings are usu~lly poorly nourished and fewer young survive. 

An altemate theory termed ·"a.djusted reproduction" (Skutch 196}) 
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stipulated that the reproductive rate is adjusted to tbe average 

annua! mortality. However, according ta Welty (1975), this theory 

may be mast applicable tO'tropical species in more stable environ-

ments. Therefo~, the northern Red-shouldered Hawk of the 

tèmperate region (Godfrey 1966) should support Lack's (1954,,1966) 

hypothesis. 

The objectives of this part of the study w~re to determine 

tqp diet of the Red-shouldered Hawk (Buteo lineatus lineatus) in 

southwestern Quebec and ta measure the effect of brood size on ,.., 

the frequency of feeding by the parents. 

A number of specifie predictions were made in this study with 

respect' to Lack's hypothesis. Virst there should be a higher 

frequency of prey items brought to larger broods than smaller 
, 

broods if adults are responding to the number of young in the nest~ 

,or the weight of prey brought to larger·broods may be greater tban 

for smaller broods. Perhaps a combination of'the above may exist 

to compensate for the number of young in the nest. Second, tbe 
l' 

J ... \ .. 

average amount of food in grams received by each member of a large 

brood may not he proport70 te 

small hrood. . ~ 

to that received by members of a 

2. Study Area 
. 

Eight Red-shouldered Hawk nests were located in southwestern 

Quehec (Fig! 1) near the northern limit of their breefting range 

(Godfrey 1966). The study area consisted of'approximately 200 Km2 

in tbe northwest corner of Vaudreuil County (45 15'N, 74 26'W). , 
t, 

: \ 
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Fig. 1 
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" . 
A map locating the main study area, in the 

hardwoad forests,in the'northwest eorner of 
l;. 

the Vaudreuil County CVC). 
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. about 45 tan southwest of Montreal. 
~ -

f ' ~ '" • 

Newstrom V978), Morris (1980)' and Morris ~"!!. (1982) 

Jlsve pre&usly describeC! tbls region in cleta:Ll. ',:the major .tree 
, 1 

J speJ~i~S ~onsisted of mat\J.re stapds .'~f Sugar !laple (Ac.e.r, saccbarum) ~ 

and 8eech (Fagus grand1fol1,.a) t' as well as Yel.1ow B1rch (Betula 
\ 0 !; 

alle~au:1ensis) t Wh:J.te Ash (Fraxinr amertcâna), Bssswood (Ti lis 

ameri!;ana) t Largetootll Aspen (Populua aranclldentats), Red Maple 
1 

(A. ~rum) and Oaks (Quercu{4 spp.). ~ 
'/ 

3.. Mat~ri:als ahd Methods. 

tn, kil'e spring of 1979 and 1980, Red-shoul.dered Hawk territorles 

occu?ied "in previoue years were searched for active nests before 
\ ---~ 

complete foliat10n. New nests 'were located lly seeking out vocal-
1 

bations and observing displays of terrltoria1 0 adults. 
~ 

A total of 8 nests' were selected for observations of adul t 

and nestl1ng behaviour; 3 in 1979 and 5 in 1980. Local nest 

names and their initial and final brood sizes ~re indicated in 

Table 1. In 1980 t 1 nestling was transferred during the verY '\ 

ear1y tiestling stage ~o another brood not ~ observation to 

create a range of brood sizes (2 -: 4 inclusiVe. before mortalit,ies). 

A few days after hatching, wood ànc;l canvas ,observation 

blinda were constructed'on the ground" usually on an upgrade, 

20 - 30 metres away from the nest tree and equi.pped with a 20 - 45X 

spotting scope. 

Information on the nestl1ng diet (Appendix l' wu collected 
~ 

during ~OO houre of randomized observations ~de between 0800 'and . , 
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Tàb1e 1 Ini.t:1.a1 and fina1 brood s:1zes in Red-sboul.dered Havlc nests in south-

western Quebec in 1979~m:d 1980. g 

-
Year Local name of nest Initial1 brood size .-F:1nal2 ' brood size 

1979 Grahams 3 2 

" 
1979 Radis son 3 2 

1979 Trans Canada " 3 3 
':b 

1980 ' SnowmobUe 3 13 
0 

1980 Seguin 
-=--j 

3 1 

1980 01d F:1ef 3 1 

1980 Golf Course 4 3 

1980 .. Trans Canada 3 3 

1 based on observations made wi.thin a fev days of batching or sooner. 

2 based on observations made(clo~eb fo fledging date. 

3 1 young vas transferred to another nest not inc1uded iD the· study. 
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1700 hours, beginning in ~d ... Ma.y and continuing through until 

the young left the nest, at the end of June. The behaviour of 

the adults and neêtlings and general meteorological .conditions 
, :i" 

during the observation periods were recorde~ 9n standard data 

sheets (Appendix II). 

u 
The mean weight ?f each màmmaUan prey type was calculated 

using the weights of tagged specimens from the Technical Services 

Branch of the National Museum of Natural Ristory in Ottawa and 
" 

tne Redpath Museum at McGill University. The mean welghts for 

frogs (except Rans sylvatica) and snakes wet'e calc~at~d from 

sampling !fforts in the study area in 1979. AU other weights 

of prey types were taken from Craighead and Craighead (1956),. 

Supp},emintary dietary information was determined from 

pellets within nests and around the'base of ,nest trees. Pellets 
() 

1 we~e air or oven dried, dissected with forceps and the 

occurrence of bone, scale, feather or insect remains were noted. 

Representative hairs (present in DIOst pellets) were teased from l' 

the bulk of the pellet, and impressions of these_were made in a 
" 

polyvinyl acetate (Monsanto, Montreal) (l.fathiak 1938; Wi1liamson 

1951). Scales on individual hairs are quite distinct in the " 

various mammalian groups and can be identified ~ith the aid of, 

a reference collection and hair identification guides (Adorjan 

and Ko1enosky 1969, Moore et al. 1974). 
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3.1 Data Analysis 

Chi-sq~re (1 and 2 sample) tests were used to analyse the f 

general diet composition, between years, as weIl as the fFcquencies 

of prey del::l,very aIDOng the various brood sizes. A Kruskal-Wal1is 

test was used to detect differences in the weight of prey among 
l 

1980 brood sizes. Dif,ferences in the individuà.l we:fght of prey 

of small and large broods and differences in the tota1 weight of 

prey de~d to nests during 4-hour observation blocks, were 

analysed using a two-tailed Ma~...wb.itney U Test. The latter test 
'..J 

was also applied to daily rainfal! and temperature data for the 

nesting periods to dete,:ndne any significant differences in these 

two weatl1er parameters between study years. A Spearman Rank 
J' 

''---.., 

Correlation --Coefficient tested for any association between the 

total weight of the prey delivered per 4 ... hou:c block and the fre-

. quency of prey delivery in bath smaÎl and large broods. The level 

of significance for the ~tatistical tests' was p< 0.05 unless 

stated otherwi13e. AlI statistical tests employed were described 

previously by Siegel (1956). 

4. Resulta 

4.1 General Diet 

The general diet composition of the Red-shouldered Hawk 

nestlings, derived from observations at 8 nests in. the 2-year 

study reflected a wide variety of prey species (Appendix 1) ~ 

predominant1y sma11 mammals and herpetofauna (Fig. 2). 
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Significantly more matnmals (X2 .. 4.54, df Il 1, p<O.OS) than 

non-mammals were delivered to nests in 1980 as compared with 

1979 (Table 2). 

Chipmunks (Tamias striatus), shrews, moles, voles, and various 

species of mice composed the majority of mammalian prey (Appendix . .., 

1) brought to the nests. Their relative proportions in ~he diet 

varied between years. 

No significant difference was found in the aUlOtlIlt of rainfa11 

(Mann-Whi tney UTes t, z -= -0.359, p > 0.05) or temperature (Hann-
1 ... 

Whitney U Test, z = 0.626, p>O.05) (Table 3) between the two study 

seasons and thus did not appear to contribute to the differences 

observed in the diet. 

Interestingly, the occurrence of mammals to non-maœmals in the 

pellets did nbt differ significantly between years (T8b1e 4) (X2 ';' 1.0, 

. df'" l, p>O.05). 

4.2 Prey Size and Frequency of Prey Delivery 

Whed tbe mean weights of prey delivered per hour were plotted 

against the days of the nestling period in 1980 with each brood 

identified :Lndividually, values from broods of 1 and 2 more natura11y 
, ~ 

groupe together as did values from broods of 3. and 4. Therefore 

ed reasonable to refer to broods of 1 and 2 as small broods 

$e of 3 ,and 4 as large broods. 

e total weigbt of p;-ey del:Lvered :Ln the 4-hour observation 

blo was negatively correlated with the numbeT of prey deliveTies 

in both smal.l (Spearmans Coefficient ra = -0.9501, df = 27, p<O.OOi) 
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Histogram of the numbers of each general prey 

type de1ivered ta 8 Red-shouldered Hawk nests 

in 1979-1980. 
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Table 2' Pereentage of prey items brought to Red-shouldered Hawk nests in 1979 and 1980. 

j ... ' 

"\ Taxonomie group -1979 1980 
1 

combined 

mammals 49.8 

herpetofauna 41.5 

birds 4.6 

fish 0.4 

invertebrates 1.2 i\ ~ 

2.5 - 1 
un1dent1f1ed 
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Table 3 Meteorologieal data for the study area during May and June, 1979 and 19801• 

1979 May June , eombined 1980 May June combined 

1 mean 
precip. 86.1 39.1 62.6 44.8 36.2 40.5 
UDI1 

mean 
tempo 13.7 18.6 16.2 13.2 17.4 15.3 
Co 

~ 
'''') 

,.1 mean 
range 1 .... i ... 

o of témp. 8.3- 12.6- 1O~5- 6.8- 11. 7- 9.3- N 

CO 19.1 24.5 21.8 ' 19.6 23.0 21.3 

Idata from Rigaud meteorologieal station. 
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and large (Spearmans Coefficient rs = -0.7110, df = 23, p< 0.00l) 

broods (Table 5). 

In 1980, the weight of prey delivered varied sigpificantly 

among the different brood sizes (Kruskal-Wallis Test, H ... 11.91, 

df = 3, p < 0.01) (Table 5). The total we1.ght of prey brought to 

large bt-oods during the 4-hour observation blocks was .greater than 

tha t b rough t to small ones (Mann-wh:1 tney U Tes t , z :0 -4. 1114, 

p< 0.05). More specifically, the individual weights of prey items 

delivered to large broods were significantly greater than those 

brought to t;\small broods (Mann-whitney U Test, z = -4.5592, p< 0 .05). 

This was not apparent in the smaller sample size of 197.9 (Mann-

Whitney U Test, z = -0.0334, p >0.05). 

The frequencies of pr~y delivery made during 4-hour observ-
1 

aUon periods among broods of different size in 1980 (Table 6) 

were significantly different (X2 = 19.13, df "" 3, p<O.OOl). 

The number of prey delivered to broods of 3 was greater, but not 

significantly,than that delivered to broods of 2 in 1919 (X2 = 1.80, 

df = l, p>O.OS). Significantly more prey items were brought to 

large broods as compared to smaU broods (Table 6) (X2 = 15.82, 

df = l, p<O.OOl). 

Comparing maximum and minimum brood sizes in 1980, individual's 

of a brood of 4 did not appear to receive proportionately as much 

food as broods of 1. The total weight of prey brought to a brood 
. 

of 1 was compared to that delivered to a brood of 4 durin 7 
.' ) 

randomly selected observation blacks (representing one sample 

observation week) • The dbserved ratio was not the 1:4 ratio 
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Table 4 Pereentage of the different prey types oceurring 

pellets in 1979 and 1980. 
"'" 

}\ 

' .. 

Taxonomie group 

total mammals 

bird feathers , 

insects 

othersC 

~ased bn 110 pellets 

bbased on 163 pellets 

C snake s~ales; f1sh scales 

.. 

1979a 

68.4 

10.0 

8.4 

13.2 

1980b 

64.1 

18.8 

11.6 

5.5 

f 

in Red-shouldered a~ 
comb1ned 

65.8 

15.4 
• < 

10.3 

8.5 

,.1 
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Table 5 Weight of prey delivered to nestling Red-shouldered Hawks of small and ~arge 

broods during 4-hour observation blocks. 

~ Large .. 
Brood size 1 Z combined broods 3 4 combined broods 

of 1 and 2 of ::s and 4 \ 

Mean total 
prey weight 41.76 22.66 37.81 182.29 88.5 152.96 
i: s.e.m.* ±] .78 ,±S.51 . t6.398 ±50.60~ ±l1.68 :1:35.86 

Number of 
observation 23 6 29 17 8 25 
blocks 

* standard error of the mean 
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Table 6 Frequency of prey deliveries to different brood sizes of Red-sbouldered Hawks 

in 1980. 

Small 
Brood sizes 1 2 

Total number of prey 
brought to nests 38 14 

Humber of observation 
blocks * - 24 6 

Mean qumber of prey items 
delivered per block 1.6 2.3 

(1.16)8 

,* o~e black • 4 hours x2 • 19.13, df • 3 t P 0.001. 

a mean number of prey items delivered per bird per block 

.. 

Large 
3 4 

64 22 

17 8 

3.8 2.8 
(1.25)8 (0.69)8 ~ 
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e~pected, but 1:2.5 .(275g:650g). The mean total weight of prey 

-delivered per nastling during 23 observation blacKs at 3 nests 

with a" single nestli~g was 41.76 :!: 7.78 grams. 

This figure was 0 more than quadrupled in the more common brood 

size of 3, where the average weigh~f prey delivered to nestlings 

was 182,29 * 50.6 grams. 

5. Discussion ;! 

5.1 General Diet 

5.1.1 Observa tions 

Since prey ~ailabilitY was not deternlined on a systetÎiatic 

basia dur~ a tudy, one mus t assume that prey de,li vered to 
~ 

the young by adults and that identified in the pel.lets mani'fes~s 
~ 

part of a functional response by these raptors. i.e. the prey 

these hawks were util.1,zing reflects at least to a certain degree 

what was ava:U.able in their hab;1tat. This assumption was supported 

by another study in central Alberta (~Invaille and Keith 1974) 

where Red-tailed-Hawks (Buteo jamaicensis) responded functionàlly 

to increasing hare populations. 

The Red-shouldered Hawk is not considered to be a dietary 

specialist (Hausmann 1948, Stewart 1949, Portnoy and Dodge 1979) 

(Appendix 1). In Iowa, this spec1es was able to adapt to changes -

in prey aval1abllity and successfully raise a brood on eitber , 

mammalian or non-mammaÜan prey (Bednarz 1979). Information on 
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differences in the nutritional content between mammals and herpeto-
11 

fauna' is not presently available, although food quality apparently 

can affect the growth rate of passerines \inder laboratory conditions 

(Berthold 1976), as weil as the breeding strategy of Griffon 

Vultull'es. ~.spp. (Houston 1978). 

Prey conspicuousness i8 enhanced by activity, 1ncreasing , 

vulnerability to predation (Craighead and Craigheàd 1956). Animal 

activity in ~urn, can be affected by weatber on a species-specif:1c 

basi8 (Bider 1968; Stinson 1989). Al.thougb no significant difference 
J 

was found in rainfall or temperature between the two study sessons, 

spring water levels for which data W'ere Qot ava:U.able may have in­
l 

fluenced tbe availability 'of herpetofauna •. In Iowa, Bednarz (1979) 

observed Red-shouldereds taking more amphibia1l>~n years of -high 

water levels. The unusual lack of snowfall in the winter of 1979 in 

. soutbwestern Quebec J.ikely affected the water levels, as we1l as 

" . 
10w temperatures may haye reduced the amphibian and reptile prey 

base in the fol1~iIi~ spr'ing. 
.! 

Sand-transect data from Lac Carre, 

Quebec (460 09' N, 74)0 29' W) demonstrated a drastic reduction 
.-

in herpetofauna activity -duiing the summer of 1980 (J:R. Bider, 
, 9 

pers. comm .. ),' posaibly due to tlie harsn 1979 winter conditions. . '. 

Diet: can change seas~nal1y and geographica~ly (Craighfi!ad and 

Craighead 1956, Herrera and' Jaksic 198(>,., Picozzi 1980. Hanna unpubl. 

data r but in th!s study area, berpetofauna. specifically frogs ~ , 

appèarea to be ane\of the predominan~ p.rey types thr0ll:g\to~t the 
~ 

nestling period. Neat observations and those of B. Lyon :(pers. , 

comm.) in 1976 at Mt. ,S~.-Brw;'10' Quebeo, as weIl as the sampl~ng 
1 

.\ , . 
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efforts near nest sites in 1979, indicate that Wood Frogs (Rana 

sxlvatica), Green Progs (Rana clamitans) and Leopard Frogs (Rana 

pipiens) were the mast frequently delivered prey items~ Craighead 

and' Craighead (1956) reported simi1ar findings in Michigan. 

The combination of small manu;nals and herpetofauna accounted 
1 

for more than 85% of the total diet in either year. ,- -

The eastern Chipmunk was an important mammalian prey species 

for Red-shouldered Hawks in the study area, especially in 1979. It 

was a1so a ddmlnant prey item for'thls species in Massachusetts 

(Portnoy and Dodge 1979) and w~stern Maryland (Janik 1980) as, 

well as for the Coope~'s Hawk (Acciptter cooperii) and the Broad­
/ 

winged Hawk.'(~ platypterus) in the latter locality. Portnoy 

(1974~, Janik (Î§SO) and Morri~ (1980) all suggested the repro-

ducti~e cycle of Red-shoulder~d Hawks roughly coincided with the 
. 

1 emergence"of young chipmunks in late May and early-June (Smith 
. 

aI!-d Smith 1972., Pidduck anel/Falls 1973). The earliest observation ... 
of a chipmunk being del1vered to a nest in either year was the 

first week in June. 

: 5.1.2 Pellet Analysis 
, 

Osseous ~terial usually does not ~u~ive the digestive 

processes of Buteos weIl enough for positive identification in 

pellet analysis (Errington 1930) becpuse Falconiformé gastric 

juices are highly acidic (Duke et al. 1975). This could have 
il< , --

_ accounted for the absence of soft amphibian bones in,Red-shouldered 

Hawk pellets as considerable amounts of herpetofauna rere inclu4~d 
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in the diet. Similar findings were Preported for Red-shouldereds 

by Portnoy (1974) and Snyder and' ,Wiley (1976). The ooly herpeto-

fauna remains that do persist are reptile seales composed of 

keratin (Patt and Patt 1969), a fibrous protein relat1vely. acid-

insoluble (Lehninger 1970). The presence of more avian rema1ns in 

pellet; of 1980 tha~ in' 1979 does not coincide with nest observations. 

Perhaps the pro~onged oven drying of pellets in 1980 before dis­

section dessicated the brittle feathers and disintegrated the 
p . ... 

pellets. As a result, partial pellets were sometimes counted as 

whole pellets, biasing the occurrence, of bird remains upwards. 

5.2 Prey Size and i'requency of Prey peliverY 

The negative correlation observed be~een,the total weight of 

prey delivered during an obs~rvation pE!riod and the frequency of 

prey delivery in both large and small brooàs ilnplies that adu'lt 

Red-shouldered Hawks made fewer trips when a great~r total weight 
. . 

of prey was delivered. The feeding rates for a number of raptor 

species show a similar trend (Newton -1979). In broods where 

adults were able to meet - the prey demands of their young t frequencies 

of prey delivery were lower with larger prey sizes. It may he more, 

profi'table for parents to deliver both large and small prey when 
. . 

hunting near the n~st, but, ta bring on1y large prey when hunting 

far from the nest because of the time and energy used ta fly back 
, 

and forth (Newton 1979). 

The general incl:'ease in the frect,uency of prey delivery to 

larger broods has a1so been .recorded for Great Tits (Parus major) 
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(Gibb 1955) and Grey Catb1rda (Dumetella carolinensis) (Johnson and 

Best 1982). Also, female Red-winged Blackbirds (Agelaius phoeniceus) 

raising experimental1y large broods~de significantly more feeding 

toips to their nests than did fema1es of poo1ed natural and control 
1 

nests (CroDDdller and Thompson 1980). Experimental addition and 
, li'Iao. 

remova1 of young to broods of Cooper's Hawks by Snyder and Snyder 
, 

(1973) demonstrated that a~ults showed no hesitation in feeding 

,extra young. ' Their large b~oods were genera11y, but not consist­

ently, fed more often than amaller ones, but this was attributed 

to differences in habitat quality-. Without considerab1e,manipulation 

of brood size and concurrent monitoring of prey populations or 

activity, it cannot be disproved that the results may have been due 

to habitat quality differences at different nests, and/or between 

the 2 study years. Some constancy'of habitat qua1ity seems 
\ 

apparent between nests as prey was not superabundant at any nest 

in either'~ar, i.e. s,tock-piling of prey in the n~sts was never 

II observed. On1y 1 pair of adult Red-shouldereds in both years was 

able ,to successfully rear all members qJ. its brood, possibly 

indicative of poor habitat quality. Since southwestern Quebec 

is near the northern limit of the br~eding range for this species 

(Gqdfrey 1966) , geographical location may be important in 

determining habitat quality and influencing the productivity for 

this particular population. 
-

Results on the influence of brood size on food quantities 

eaten by nest1irtgs have varied, both inte!- and intra-specifically 

(Newton 1979). In nests of Sharp-shinned Hawks (Accipiter striatus), 
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Cooper's Hawks and Sparrowhawks (Accipiter nisus), the amount of 

food consumption waS not dependent on the number of young. In 

contrast, the amount of food consumption was dependent on brood 

size for Ospreys (Pandion haliaetus), Marsh Harriers (Circus 

aeruginosus), I<estrels (Falco .tinnunculus) and Peregrines (Falco 

peregrinus) (Newton 1979). 

. In this study of Red':"sbouldet"ed Uawks, the amouni' of food 

consumption was generally greater in larger broods. This species may 

also be compensating for tbe,number of nestlings by delivering 

prey of a greater weight ta larger as compared td smaller broods. 

In Orkney" Scotland feeding and delivery rates of prey items at 

nests of ~farsh Harriere were low., but regardless of brood size, 

tbis was apparently compensated for by many items being large 

(Picozzi 1980). Red-tailed Hawks in Alberta brougbt 73% more 

1 prey, in terms of biomass ta broods of 2 compared to broods of 1 

(Mclnvaille and Keitb 1974). At 1 of 2 nests of Cooper's Hawks 

studied, where experimental shifting of nestlings raised the brood 

size from 2 to 5 young, the average wei~ht of p~ delivered per 

day showed a corresponding increase (Snyder and Snyder 1973). 

Parent Grey- Catbirds fed larger broods more frequently~ but did 

not increase the volume of food delivered per f~eding trip, 

leading Johnson and Best (1982) to conclude that the ,food 

requirements per nestling actually decreased as the brood size 

increased. Although Red-shouldered Hawk nestlings of the maximum 

brood size of 4 in this study did ~ot receive proportionately as 

much food as those of a brood of 1, each nestling of the more 
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common brood size of 3 (initial1y 7 of 8 broods in this study) was 

provided with considerably more food than a nestling from a brood _ 

of 1. This implies a limitation to the number of young parent birds 

can provide food for, similar ta Lack's (1954. 1966) findings for 

some passerine species. The inability of parent birds to increase 

the amount of food in proportion to the number of young in nest by 

increasing the frequency of delivery and/or selection of larger food 

items, has been documented for a number of species. These include 

various African swallows, Hirundinidae and Swifts, Apodidae (Moreau 

1947), Starlings (Starnus vulgaris) (Kluijver 1933), Robins (Turdus 

migratorius) (Lack and Silva 1949), Great Tits (Gibb 1955), Field 

Sparrows (Spizella pusiIla) (Beat 1971), Eastern Bluebirds (Sa1ia 

salis) (Pinkowski 1978), P~rp1e Martins (progne subis) (Walsh 1978), 

Red-tailed Hawks (Mclnvai1le and Keith 1974) and perhaps Cooper's 
( 

Hawks (Snyder and Snyder 1973). 

6. Conclusions 

The diet composition of Red-shouldered Hawks in the Hudson-

Rigaud area of southwestern Quebec showéd that herpètofauna and 

smali mammais were predominant prey types. The annual variation 

of the 2 major prey types over the 2 years may be related to 

winter weather conditions prior to each nesting season. In 1980, 

parents of both lar&.e -and small broods tended to bring fewer 

prey items when the total weight of prey de1ivered in an obser-
, ... 

vation bloc~ was greater. Broods of 3 were delivered prey more 

frequently and prey of an average greater weight than that brought 
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( ) to broods of 1. Nestlings of the largest br,ood size (4) in the 

study area were not.fed proportionately as much as nestlings of the 
l 

smallest brood. This may be interpreted to support Lack's (1954) 

hypothesis and similar studies of f~eding behaviour in other bird 

species. 

. To thoroughly determine reproductive fitness in relation to 

brood size however. we must await results of long-term studies on 

the growth and mortality in different brood sizes, -the effect of 

, age and experience on the hunting abilities of the adults," the 

importance of habitat and prey quality, and the influence of sibling 

aggression on nestling survival in this spe~ies • 
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Appendix l 

"- COllDDon name 

Wood frog 
Leopard frog 
Green-frog 
Eastern ch'1pmunk 
Meadow vole 
Boreal redback vole 
Mice 

~I Eastern garter snake 'J i.. .. ~ ,-, Red-bellied snake 
Yellow shafted flicker 
Black throated blue warbler 

~:JI " S tarnose mole 
Hairytail mole 
Shorttail shrew 
Smaller shrews 
Meadow jumping mouse 
Woodland jumping mouse 
Eastern grey squirrel 
Norway rat 
Unknown fish sp. 
Red-spotted newt 

.. 

!"~ 

---,---~-

~ 

,r--, 
( ; , --

Scientific name 

Rana sylvatica 
Raua pipiellS 
Raua c1amit~ 
Tamias stristus 

<, 

C' " 

Microtus pennsylvanicus 
Clethr1ono~s gapperi 
Peromyscus spp. 
Thamnophis sirtalis sirtalis 
Storeria occipitomaculata 
Colaptes auratus 
Dendroica caerulescens 
Condylura cris tata 
Parascalops breweri 
Blarina brevicauda 
So.rex spp. 
Zapus hudsonicus 
Napaeo~arpus insianis 
Sciurus carolinensis 

1 

Rattus norvegicus 

Notophthalmus viridescens 

\. ". 
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year observed as 
prey species 
1979 1980 
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PART II 

The Relationship of Brood Size 1;0 Parental Care and Growth 

of Nestling Red-shouldered Hawks (Buteo lineatus) in South-

o western Quebec . 
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1. Introduction 

\ 
, \-. Relatively little quantitative information exists speciftcally . . 

on the growth of raptors (~lendorff 1974, Parker 1976, Stinson'1977, 

MOss 1979, Bird and Laguë 1982). 
, 

The effec<t: of brood size on 
, . / 

growth of·non-raptorial avian species has been extensively studied, 

although, int~rspecific results are,highly varia~le (~kenmo_1977). 

This demands that each species be examined individually with respect" 

to the effects of brood size. 

Generally, Prince and Ricketts (lJ81) noted that the growth 
" 

of nestling seabirds was determined by the energy of parent birds 
\ . . 

and the rate of supply of nutrients, including 3 major components: 

food size, feeding frequency and food quali.ty. Ricklefs, (1968) 

originally claimed that the general avian grawth rate (based on 

weight) was probably independent of nutrition, unless sfarvatio~ 

was extreme. More recently, Ricklefs et al. (1980) reported that 'in 

altricial ând semf-altricia1 species such as raptor$, growth may ~e 

1imited by the feedi~g rate. Other environmental fact?rs affecting 
" 

growth are habitat quality (Hagen 1969), temperature (Brookes and 

May 1972; Ross 1980) and brood size (Askenmo 1973, 1977). Genetie 

factors must a1so be important in determining the rate of growth, 

but quantitative studies are scanty (.Garnett 1981). 

The aim of this study was to quantify some aspects of. the 

growth of'nest1ing Red-shouldered Hawks (Buteo lineatus 1ineatus) 
o 

, 1 

in Southwestern Quebec. The effect of brood size on the growth of 

se1ected body 

adul ts in the 

f-, 

parame~ers'If aij weIl as ~n the n~sD a~tend~ce br ~he 
form of thE!j amount of time spent brooding and the 
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frequency of delivery of greenery to the nest were examined •. 

Penak and Bird (M.S. in prep) showed that Red-:~houldered Hawk 

broods of 3 were fed more frequently and wer,e delivered prey of a 

. greater weight than that brought to a brood of 1. Sinee the amount 

\~ 
of food intake May affect the growth of birds of prey (Rieklefs ~ al. 

1980) it was predieted that Red-shouldered youn.s from broods of 3 . 

would grow more quiekly than those without stbli~gs. 

A larger number of nestlings in a brood ~enerally reduees the 

surfaee~volume ratio and eonsequently the heat 1098 (Ramas 1981). 

Based on this, it was predieted that the amount of time adults spent 

brooding would be 1ese for nests with 3 young as opposed to .those 

w1 th 1 young. 
., 
i 

Fina~ly, in sorne passe~nes it 1s known that a greater amount of 

nesting ma.terial inereases the- insulative properties of a nest 

, (Skow-ron and Kern 1980). Stnee the need for more insulat.ion (whlch 

lreduees hest loss) would be less for larger broods than smailer ones, 

it was pr~dieted ,tbat the delivery 'of greenery to the nest should 

be greater in broods of 1 eompared to. broods of 3. 

2. S tudy Areas 

Growth data wer~ eoilected from yohng at ~ Red-sbouldered Hawk 

nej:lts located in 2 areas in southwestern Quebee (Fig. 1). The main 
.. \ r , , 

study area-con~a~ned 8 of these 9 nests and was described in more 
, " 

de~af.l by Penak ~nd Bird (M.S: in prep~) • 
"" 

The ninth nest was located in the demonstration forest (2.0km2) 

of the Morgan Arboretum (450 57'N; 74b 26 'W) 1 Kacdonaid Campus of 
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Mecill University (Fig. 1) located approximately 30 km east of 
,~ 

the main study area. As part of the Upper St. Lawrence section of 

the Great Lakes-St. Lawrence Forest Region (Rowe 1972) Il the 

" dominant tree associations are similar to those described for the 

main study area (Part l of this thesis). 

3. 'Materials and Methods 

A total of 9 Red-shouldered Hat.!k nests (Table 1) were visited 

in 1980 every 4 to 7 day~ during May~nd June to weigh and measure 

the young. In order to create a l?rger ra~ge of brood sizes, 1 nest 

was manipu1ated. Thi.s invo1ved the removal 'of 1 nestling from a 

brood of 3 and transferring it to another brood of 3 (Table 1). 

Morta1ities occurred at aIl nests except 1 and on1y growth data of 
, !? 

surviving chicks were analYE!ed. The brood size used in analyses 

was that which existed for at least haH C17 days) of the nesting 

periode 

Chicks were lowered in a draws tring bag to the gt'ound where 

body parameters wer~ measured. Nestlings were not measured on rainy 

or co1d overcast days to a'void possible hypothermia. 
. 

Approximate hatching dates were determin~d by observations 

made either directly after climbing the nest tree or adjacent tree, .. 
or indirectly from the ground with the aid of a spotting scope. 

"" 
Estimates of chick age were accurate to ~bout, ±2 days. Weights at 

hatching were determined from 2\nestlings, each from different nests. 

Chicks were weighed individually wi th Pesola spring sca1es. 

Since aIl nesta could not be visited before the Urst feeding __ 

l, , 
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Table l Initial and final brood sizes of Red-shouldered Hawks in southwestern 

Year 

1980' 

1980 

1980 

1980 

1980 

1980 

1980 

1980 

1980 

Quebec in 1980. 

Local name of nest 

Golf Course 

Arboretum 

Snowmobile 

Bedard 

Deserted Barn 

Grave1 Pit 

Old Fief 

Trans Canada 

Seguin 

1 Initial brood size 

4 

4 
'" 

3 

3 

• 
3 

3 

3 

3 

3 

2 Manipulation 

o 

o 

-1 

+1 

o . 

o 

o 

o 

o 

1 ~ 

based on observations made within a"few days after hatching or sooner. 

l-

3 
F~nal brood size 

3 

3 

1 

2 

1 

1 

1 

3 

1 

2 
indicates if a young was added (+) or removed (-) from a _nest. or not manipulated (0). 

3 1 
based on observations closest to fledging date. 
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of the day, ~rop fullness was determined visually as either 1/4~ 
~ ~ 

1/2, 3/4 or completely full. The weight of a full crop was measured 

in a laboratory specimen (post mortem) and the total body weight 

of each of the individuals in the nest was adjusted for crop fullness, 

where applicable. It Was assumed that the crop represents a constant 

percentage of body weight throu~ut development (G. Duke, pers. 

comm.) • 

The following linear measurements wer~ taken on the right side 

of the body, measured ta the nearest 0.01 mm with vernier calipers 

or a wooden ruler: bill length, tarsus length, the first 2 secondary 

wing feathers and the two central r~trices length. Bill length was 

measured including the cere. AlI other growth parameters were 

measured as described by Baldwin et al. (1931) and Olendorff (1972). 

Red-shouldered nestlings could not be reliably sexed,on the 

basis of weight or the various measu~ements, as there is some 

overlap of these growth parameters (J. Mosher pers. comm.). ~ 

3.1 Data Analysis 

Step~ise multiple regression analysis with sorne polynomial 

terms was performed to determine and contrast pa,tterns of growth. 

A new variable was created ta account for any interaction of brood 

size and age. Computer programs employed were those of the 

Statistical Analysis Sys~em (Barr et ~ 1976) and the Statistical 

Package for the Social Sciences (Nie et al. 1975). Chi-square 1-0 

sample tests (Siegel 1956) were used to analyse the frequ~ncy of 

brooding and the delivery of greenery to the nests by the adults. 
\ . 
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Tests were performed at the 0.05 level of significance unless 

indicated otherwise. 

4. Results. 

The nes ti.ng chronology of Red-shouidered Hawks began later 

and ha tchlings) seemed somewhat larger (40 grams, n ;: 2) 'in ' 

! '. 
southwestern Quebec than those in western Maryà.nd (27 grams, n = 1) 

(Janik 1980). Young Red-shouldered' Hawks left th'e nest at approx-
, 

imately 35, clays of age. On the last nest visit" the average weigbt 

of a fledgling was 533.5 grams, re~resenting a 12-fold increase 

over the mean hatching weight. 

Multiple regression analysis demonstrated that tbe gr~wth of 

bill (Fig. 2, F ;: 168.9; 3, 85 d.f.), tarsus (Fig. 3, F = 900.95; 3, 
1 

85 d.f.), and tail feather (Fig. 4, F = 4.32; 3, 53 'd.f.) were 

, significan~ly d:Lfferent in broods of 3 and 1. l'be growth of wing 

feathers (Fig. 5) and weight gain (!ig. 6) were not significantly 

different. 

Generally nest attendance was greater in large broods (with 

" 
3 young) as compared to small broods (with l young). The amount 

of time spent brooding by parents with 3 young '(13.25 minutes per 

4-hour: observation block) was significantly greater than that 

0/. 
spent by parents w~th only a single young (7.82 minutes per 4-hour 

observationblock) (X2 
== 31.9, df,= 1, p<O.OOl). 

~ .. 
The frequency of delivery of greenery to nests witH 3 young 

(16 observations during 17 observation blocks) was significantly 

greater than that of nests with 1 young (2 observations during 
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Figures 2 - 6 inclusive are the Regression analyses 

for growth of body flarameters where Y = body parame ter , 

Xl ... age and X2 = brood size. Triangles represent 

growth data points for broods of) and squares represent 

growth dat~ points for broods of 3. Regression Hnes 

are representèd by a solid Une for a brood of 3 and --a broken line for a brood of 1. 
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Regression ana~is of wing le~gth (y axis) 

vs. age (x axis) for broods of 1 and 3. 
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Regressio-n analysts for weight (y axis) vs 

age (x axis) for broods of land 3. 
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24 observation blocks) (X2 
= 16.68, df ::; l, p< 0.05). 

5. Discussion 

Growth CUl~es for most of the body parameters of Red-shouldered 

Hawks measured were generally sigmoid in shape as described by 

Sumner (1929, 1933) and Moss (1979) for other raptorial species. 

However, wing and especially tail feather measurements were trun­

cated at both ends~ thereby creating a more linear-shaped graph 
, 

similar to that founà f~r the growth of the tarsus'and primary 

feathers of Sparrowhaw~ (Accipiter nisus) (Moss 1979). 

The weight curves ,for Red-shouldereds were mO,re variable than those 

for feather or bone development. This was also obsérved in Sparrow­

hawks (Moss 1979) and Hen Harriers (Circus cyaneus) (Picozzi 1980) 

particularly when fo~d was not plentiful. 

In Red-shouldered Hawks, the rate of growth of bill and tarsus 

length were greater in broods of 3 compared to broods of 1. 

Although this has not been previously documented for any raptor 

species, the gr~th of selected body parameters of Ipswich Sparrows 

(Passerculus sandwichensis) '(Ross 19B? and Willow Warblers 

(Phylloscopus trochilus) (Tiainen 1978) showed a sim1lar pattern. 

The tail feather length for broods of 3 was significantly 

larger th~n that for'broods of 1. Significant differences found 

between broods for bill and tarsus length were a result of·an 

interaction between brood and age, whereas brood size alone accounted 

for the difference in tail feather length between the two brood 
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The increaeed food supp1y delivered to larger broods of Red-

shouldered Hawks (Penak and Bird, ms. in prep.) and corresponding 

greater growth in such broods supports the claim that growth in 

semi-a1tricia1 species may be 1imited by feeding rate (Ricklefs 

~!.!.. 1980). 

Studies on the effects of brood size on the growth of differ-

ent raptor species have shown inconsistent resu1ts, simi1ar to 
. 

those of passerine studies (Askenmo 1977). Growth rate was found 

to be independent of brood size in both Sparrowhawks (Accipiter 

nisus) (Newton 1978, Moss 1979) and American Kestre1s'(Fa1co 

sparverius) (Ba1goo~en 1976). However, an inverse relationship 

existed between brood size and fledging weight of Ospreys (Pandion 

ha1iaetus) (Stinson 1977), 

S!nce the amount ot brooding by Red-shouldered Hawks was 

greater in broods of 3 compared to broods of 1 (not as originally 
"-' .. -, 

predtctedl, 'larger broods were probably kept warmer than small ones. 

The thermoregu1atory advantages of a large brood should a110w 

pArent~~ore ttme tp forage (punn 1976) and permit nest1ings to 

exp end le~s ene<rgy tl:) keep warm ('Mert~ns 1969), but at least the ., 

~oJ;;mer was not obseryed tn this study, . The time. spent brooding by . ~ 

, ~ 

p{l.renta w~a re1ated to brood size i.n Grey Catbi'rds q>u~etella ~~ 

linensis} (Johnson and Best 1982), but not Purple Martins,(Progne 

subis) (Walsh 1978). 

Broods of 3 a180 had more greenery de1ivered to the nest than 

broods of 1, contrary to the original prediction. A1though the 
) 

de1ivery of greenery to raptor nests is a common practice.:its 

function is still obscure (Olendorff 1974). One proposed function 
~" 
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1a that it provides in~ulat1on (Brown and Amadon 1968). Skowron 
o • 

and Kern (1980) noted in songbirds that nests witb greater insulatian 

values are those with the,least light penetration. The greenery 

added to the ,inside of Red-shouldered Hawk nests may have decreased 

light petfetratio1'l and increased the insulative properties. 

Ross (1980) suggested that nutritiona1 as wèl1 as thermal 

factors may affect groW'th rate. Th1.s may also be the case for 

the growth of Red-shouldered Hawks in southwestern Quebec. 

6. Conclusions 

The relative contributions of 1) the increaseq. food' supply 

by the parents, 2) the increased warmth associated with more siblings 

in the nest, 3) more brooding by the parents, 4) the addition of 

more gree~ery to the nest or 5) a combinat:Lon of 'these factors 

to the greater growth observed in broods of 3 compared to broods 

of 1 rema1n to be resolved. Carefully controlled experimentation, 

, isolating one factor at a time should prande more insight into 

~ this problem. 
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