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i\BSTRACT 

M.Sc. N. Gard Renewable Resources 
(Wlldlife) 

INFLUENCE OF BRCX)D-SIZE MANIPUIATION ON NESTLING GRCM'H, 
FLErx;I~ SUCCESS AND PARENTAL BEHAVIOUR IN AMERlCAN KESTRELS 

Orood size was m'inipulated in captive and wild American Kt:strels 

(raIeo s[Brvenus) dunng 1986 and 1987. Broods of 2, 5 (the largest" 

naturally occurnng brood size), and 7 were established. \üld nests 

had hlgher fledg1ng success 1n 1987 than 1986 for al) brood sizes. 

Generally, broods of 5 and 7 had slgnificantly rrore young fledging 

than hroods of 2, while the munber of young fledgmg from t.hese two 

larger brood sizes d1d not differ slgnificantly. 

Tn oests wlthout pre-fledg1.ng roortal1.ty, growth rate, tarsal and 

<lntebrdchla 1 length werp not l.nf luenced by brood Slze. Young in 

enld"~f:,(] wlld broods fledged slgmficantly lighter than young from 

other broods. 

Intcrann1111 differences ln fledging success for wild nests 

corr:esp:mded wlt.h vanatlons ln vertebrate prey densi ty. Parents of 

a Il bnxx:l SlZes hunled less ln 1987 than 1986, but had higher prey 

C',lpt III f' and nestllng feedJ ng rates. 

ThIS sludy suggests that the naturally occurring brood size is 

the largC'st. whiC'h kestrels can, on average, feed without lowering 

nest I1ng qu,"} III ~T. 
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RESUME 

INFLUENCE DE lA MANIPUIATlOO DES 00lJVEES DE CRECmELLE D'AMERIQUE SUR 
lA œoISSANCE, lA SURVIE ET LES &>INS PAF.EN1'AUX DES OISILIœS 

I.e vol\llle de COUV~ de Crécerelle d'Amérique (Falco spa.rverius) 

en captivité et en liberté fut maraiEUlé durant les années 1986 et 

1987. Des couvées de 2, 5 (la plus grosse couv~ chez les poPllations 

naturelles) et 7 oisillons furent établi. En règle gt'nérale, les 

novices de 5 ou 7 oisillons si on coopare aux couvées de 2 oisillons, 

mais le nombre de novices entre les grosses couvées ne dBoontraient 

aucune diff.§rence significative. 

Les taux de croissance, les longs tarsiaux et antibranchiaux chez 

les oisillons ayant survku la ~riode de pre-novice ne dBoontraient 

aucune influence dQ au volœ-e de couvée. Chez la popllation naturelle 

de Crécerelle, les oisillons présents dans les couvées de voltne plus 

inp:>rtant, 5 ou 7 oisillons, pesaient significativement rooins que les 

autres couvé!s. 

La différence inter-annuelle de survie des o1sillons 

correspordait à la densité de la popllaticn des proies. les parents 

des couvées chassaient lOOins en 1987 mais dBoontraient un taux plus 

élevé de capture de proie et d'alimentation des oisillons. 

Cette .§tude suggère que la couvée naturelle de la Crécerelle est 

lE:! plus grand vollDe que celles-ci peuvent oourrir en moyenne. 

iv 



TABLE OF aNŒNl'S 

~~leciganentB • ~ •••••••••••••••••••••••••••••••••••••••••••••• vii 

List of Tables •••••••••••••••••••••••••••••••••••••••••••••••••• viii 

List of Figures ••••••••••••••••••••••••••••••••••••••••••••••••• x 

Preface ..••.....••.....••....•••..•..••......•••....••••........ 1 

Literature Cited ................................................ 2 

Regulation on Thesis Presentation ••••••••••••••••••••••••••••••• 3 

Chapter 1. Nestling Growth and Fledging SUCcess in 
Manipulated American Kestrel Broods ••••••••••••••••• 4 

SlmIniiry ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 5 

Intrah.r::tion .................................................... 6 

( 
~tIlcxis ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 8 

St1..1Cly' Areas •••••.••••.••••••••••••••••••••••••.•••.•••••••. 8 

Manipulations •••••••••••••••••••••••••••••••••••••••••••••• 9 

Measurernents ............................................... 10 

statistical AIla.lyses •....•••.....••.•....••................ 10 

ReSlll t~ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 12 

Clutch initiation and size ................................. 12 

Flecigirag SlICCe&S ••••••••••••••••••••••••••••••••••••••••••• 12 

\ieight and gl"C*th rates •••••••••••••••••••••••••••••••••••• 13 

Tarsal and antebrachial length ••••••••••••••••••••••••••••• 16 

Ninth primary length ••••••••••••••••••••••••••••••••••••••• 16 

Discussion •••••••••••••••••••••••••••••••••••••••••••••••••••••• 17 

Fledgirlg 81..IC.'C:eSB ••••••••••••••••••••••••••••••••••••••••••• 17 

v 



Weight and growth rates .................................... 22 

Tarsal and antebrachial length .........•................... 24 

Ninth prirnary length ....................................... 25 

References ...................................................... 26 

Tables ....................................•..................... 31 

c-.onI'\eC:till9 st:ate!rnl!!nt •••••••••••••••••••••••••••••••••••••••••••• 39 

Chapter 2. Behavioral Responses of American Kestrels to 
Manipulated Brood Sizes ....................... 40 

Abstract ........................ " .............................. . 41 

Intrcdtlc:tion ...•••...•••....•••..•..••.......••....•............ 42 

Methods ........••...................................•........... 43 

Results ......................................................... 46 

Discussion ......•.............................•................. 50 

Literature Cited .......................... " .................... . 55 

Tables ..••.....••.....•......••....••.......•.•.....•........... 58 

FigtJres •••••..••••.•.•••••..•••.•...•••.••••••••..••••....••.... 61 

General Conclusions ............................................. 70 

~rdix •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 72 

vi 



ACKNCW..EOOEMENTS 

l would hke to thank my field assistants Matt Smar, Chris 

callaghan, and Denn Henderson for their enthusiastic help in 

measunng buds and performing behavioural observations. Janice 

Nwholls .JldE'd me ln Jneasuring nesthngs raised at the Macdonald 

Raptor Rec;earch Centre. 

wl!-:>h to thank Ian Ritchle and laird Shutt for their technical 

My SUpel'Vlsor, David Bird, deserves special thanks for 

hlS benr~ficlal suggest10ns and sUR?Ort throughout all~ stages of this 

f:,ar 11er drafts of this thesis benefltted from valuable 

corrropn 1. " glven by DùVld Blrd, DavId LeWIS, Roger Bider, Keith 

Bllc]1->t('ln, Lau-d Shut.t, and Ron Threader. Lucie Roy gracI0usly 

( 

\. vo 1 untr'f'!'rc'd tr; translate the abstract into French, nerci. Many thanks 

1 (1 K,11 hy Hlmt. for her fOC)ra 1 support. Thanks al so to Rick Robinson for 

IJllttlnlj IIp wlth my frequent use of hlS cOIlplter. 

Jo' 1 nanc ln 1 as~ l stance for thlS resedrch was provided in part by 

tW'.:J 9ranlc; from the Alfl"E~d B. Kelly MelOOnal Fund of the Province of 

QUfA'Jf'(' SOCIety for the Protection of Buds, to whom l am IOClSt 

~JI'at dul. 

Flna IIy, rny deef€st thanks go to my family, William, Brenda, and 

Iw'vI'!' If'y \,hose understandlng and encouragement of my desire to pursue 

was always appreciated though seldom 

vii 



-
LIST OF TABLES 

Chapter 1 Pngt:" 

Table 1. Average number of young fledging from mani.~lated 

Amerlcan kestrel broods. 

Table 2. Fledglng weights and growth rates of aIl sUtvl .... lng 

nestllngs in mampulated American kestl-cl broods. 

Table 3. 'lWo-Ievel nested analysls of vanance for fl('d~J1n9 

welght and growth rate ln ffi:ml.p..1L1tl~ AJ'nr>llcdn kestr°C'1 

broods. Six expenmenta 1 groups were Lmalyzf:'d; broods 

of Size ~, 5, and 7 for both cal-1t l\le and Wl ld 

fOpulat ions. 

Table 4. Fledglng welghts and growth rates of Amer-ican kf!sln.!ls 

ln manlp.Jlated brocx1s, basPd only on nests not 

experlenclng pre-fledglng mortallty. 

Table 5. Bane measurerœnts of aIl slU"Vlving nestllngs ln 

manipulated Amencan kestrel broods. s(~x('<; have ~J('(!n 

31 

1Cj 

J.X>Oled for analysls. '~6 

Table 6. Two-level nested analysls of van.:mee for LUSdl .mel 

antebrachlal length ln mampulated .J\ny~rlCdn kf'c,tn·1 

broods. SlX eXf€runental (Jroups wp.rf> iHlitly/('r1, bro(x]s 

of Slze :?, 5, and 7 fOl
o bnth capt 1 Vf' and w 1 1 d 

fOp..11atlons. Sexes have been pJoled for dT1-JJy cilS. 

Vll'l 

17 



( 

( 

Tahle 7. Length of the nlnth pnmary feather at day 22 of the 

nest] l ng stage for Arœncan kestrel s ln manlFUlated 

broods. Data have been pooled between years and sexes 

for aIl groups. Va lues ln p:trentheses refer to the 

numr.>er uf young neasured. 

Chc~ptcr 2 

Table 1. Size of breedlng territones (in hectares) of Arnerlcan 

Kestrels ln relatlon to brcxxl Slzes established by 

cxpf.!rlmental lT\af11pulatlOn. 

Tablf· 2. Capture rates fOl vertebrate prey and dellvery rates to 

thp nest for Arœncan Kestrels rals.mg various sized 

38 

58 

bno]s (X' + SD), 59 

ix 



LIST OF FIGURES 

Chapter 2 Page 

Figure 1. Territory size of Arnerican Kestrels in relation ta 

relative prey abundance (marrmds/100 trap nights). 

Squares = 1986 territories; triangles = 1987 

territories. 

Figure 2. Percent hunting time of American Kestrels raising 

various sized broods. Total time spent hunting is 

divided into perch-hunting and hover-hunting cOI'!p)nents. 

Nmnbers on the abscissa denotc year (1986, 1987) and 

brood size (2,5,7). Values that are significantly 

different between years for each brood size are denoted 

on the graphs. 

Figure 3. Percent of total time devoted ta resting or 

maintenance behavior for Arnerican Kestrels raising 

various sized broods. Nt.Inbers on the abscissa denote 

year (1986, 1987) and br~ siz~ (2,5,7). 

Figure 4. Percent of total time spent by .<\merican Kestrel parents 

brooding and feeding young in relatiolÎ to brood size. 

NtJnbers on the abscissa denote year ~1986, 1987) and 

61 

63 

65 

brood size (2,5,7). 67 

Figure 5. Average feeding rate of Arnerican KestreJ. chicks in 

1987 in relation ta brood size. 

x 

69 



( 

PREFACE 

clutch size represents one of the mat ÏIlp)rtant life-history 

parameters. Lack (1954) hypothesized that clutch size in nidioolous 

birds bas evolved by natural selection toward a Bize corresponding 

with the greatest runber of young for which parents can find food. 

Lack' s hypotheBis has been extenaively teated for passerines and 

seabirda in etudies where brood size bas been experimentally aUCJlBlted 

and the effect on growth and fledging mx:cesa of the young examined. 

Lack' s hypothesis has been Sl4POrted in about a third of these 

experiments, while the ethers fourd that the clutch aize laid was 

analler than the mat productive brood aize (reviewed by Iessells 

1986, Martin 1981). 

The validityof Lack's hypothesis te raptors bas not been widely 

tested. Although a detailed experiment bas been perfomed on owls 

(Korpimaki 1987), studies on diurnal raptors have usually involved 

manip.ùating brood size at only a very small nœœr of nests (e.g. 

Ca'" 1968, Balgooyen 1976). 

The American Kestrel (Falco searveriy!!" probably the l'lDst 

n\De1'OU8 of North American falconifonnes (Palmer 1988), is a suitable 

raptorial species on which to perfonn a detailed brood manip.ùation 

experiJnent. 'lbe objectives of this study were te examine growth and 

fledging suceess of nestlings and behavioural reaponsea of parents 

following experimental manipllation of brood Bize. This study ahould 

inprove our understanding of factors that affect. clutch size and 

breeding sucœas in raptors. 
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NESTI,II«; œamI AND FLEOOING SVCCESS IN l'WnPUIATED 

AHmICAN KESTREL lRXlœ 
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StIH\Ry 

1) Brood manipùation experimenta were perfonned on captive and wild 

American Iœstr'els (Falco sparverius) in soothwestern Quebec during 

1986 and 1987. 

2) A nest of five young waa conaidered the largest normally occurring 

brood aize, ard manipulations enlarged or decreased broods to 7 or 2 

young, reapectively. 

3) Enlarged broocls had alightly, but not significantly higher 

fledgin9 sucees. than nonnal aized broods. Significantly JtK)re young 

fledged fran broods of 5 and 7 than fran broods of 2 for captive nests 

and for wild nests in 1987. 

4) In manipllated broods wbere no pre-fledging toortality occurred, 

brood enlargement significantly lowered fledging weights of wild, but 

not captive birda. Brood manip:ùation had no effect on either rate of 

weight gain or length of the tarsus or antebrachi\.l'l\. Developnent of 

the nint.h primary feather waa slower in enlarged wild broods. 

5) MeIIilership within a specifie brood had a aignificant influence on 

fledging weight and growth rate of femalea and on bene length for beth 

sexes. 

5 
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Lack's <1954, 1968' hyplthesis regarding the evolution of clutch 

size in nidicolous birds explicitIy stated that clutch size, and hence 

brood Bize, is regulated by food availability. Therefore, given the 

prevailing food SUEPly, the mean clutch Bize of a popllatlon Bmuld 

produce, on average, the greatest m.œr of offspring surviving ta 

breed. If the ability of parents to feed the young limits brood size, 

then nestlings in larger than average sized broods should he less 

well-oourished, ard consequently at a catplrative disadvantage 

cœpared with young in snaller broods. 

Naturally occurring variations in clutch size anDng individuals 

within a p:lpllation may reflect differenc::es in the reproductive 

abilityof parents. Older, experienœd breeders may he Imre adept at 

finding food and consequently, able to successfully rear roore yOW\g 

than first-time breeders (Perrins and tobss 1974, Newton 1976). 

Manip.ùation of brood size is therefore the n'Ost a~ropriate method of 

testing Lack' s hypothesis, as this renoves any effect of correlation 

of parental ability and brood size (Martin 1987>. Many such 

manip.ùation experiments have been perfonned, primarily using seabirda 

or passerines. Results fran these studies have been conflicting; 

about a third iRJHX)rt Lack' s hypothesis, while the others found that 

Imre young fledged fran clutches larger than the clutch Bize laid 

(Martin 1987). Reducing clutch size below the JŒ)st productive size is 

considered a means of maximizing lifetime reproductive outp.tt 

(Williams 1966, Chamov and Krebs 1974). As Ask'er1l1'O <1977' noted, the 
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variability of results limits the ability to generalize fran SIlCh 

experiments to other taxonanic groups, suggesting that each species 

needs to be investigated separately. 

Several studies on raptors have observed differences in 

reproductive success due to naturally occurring variation in brood 

size (e.g. cavé 1968, M:lss 1979, Korpi.rœki 1987). However, little 

work has been perfonned to study reproductive success in rnanipulated 

broods. Using only 2 nests, Balgooyen (1976) found no effect of 

increased brood size on fledging success or weight for American 

kestrels (Falco sparverius) • Korp:imaki (1987) reported that roore 

young fledged fran aUCJœnted Tef9nillm's owl (Aegolius funereus) broods 

than nonnal size:! broods, bIt young fraft enlarged broods weighed Iess 

at fledging. Newton (1979) remarked that in many aspects of their 

breeding strategies small raptors resesrble passerines while larger 

species are similar te seabirds. Due te this similarity in 

reproductive strategies, brood maniJ;Ulations on raptorial species may 

be instlU:tive for catplrison with these other tw:l groups which have 

been used extensively in manipulation experiments. 

Here l report on nestling growth aM fledging success in 

manip.llated broods of the American kestrel. If Lack' s hypothesis 

aRllies to this species, and brood size is indeed regulated by food 

availability, 1 predicted that experimentally increasing brood size 

should lead to 1) decreased fledging success, 2) decreased nestling 

weigh - at fledging aM 3) slower growth rates when carpared with 

naturally occurring, average sized broods. Experimentally reduced 

broods were stOOied to determine whether growth rates and fledging 
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weights of young from these broods are sinular to those of young in 

average sized broods, as would be predicted from Lack's hfl:Othesis. 

While young in average sized broods mly be well-nourished, this dœs 

not 'necessarl1y ~ly that they are growing at their physiological 

l~t (Martin 1987). Since altricial young rely on F6rf'nts for food, 

the rate at which they are fed mly he constrained by other derunds on 

the parent such as time spent acq\uring food. 1'0 tcst thi s, 

manipllatlOn experiments were also performed wlth captive Ameriean 

kestrels. 

In eaptivlty, blrds are provided focxl ad libltum •. thus minimizmg 

fCXJd acquisItion time while providing F6rents the ofIOrtumty ta feed 

young to satlation. Assuming wild young ln normal slZed broods are 

well-fed, l predieted that fledgmg suecess, weightc; at flcdgHlg and 

growth rates for young in small and nOnnl"il SlZed brO(x]5 would }-x! 

s1milar for captIve and wlld kestrels. However, capLlvP bl nls MhOllld 

he cap3ble of guccessfully keeplng aIl young ln .:mgment.f·d bn)lJCh, 

adequately nourlshed. Therefore, l prechcted théit enlar-g('() brunch; Irl 

captlvity would display higher fledging sucees,,> and ~)f~ttf!r ne<.;L1lnq 

growth performance than enlarged broods 10 t_he wlld. 

METHODS 

Study areas- This study was perforroc.·d from J\pri lIn "WIU<.;1 HI 

1986 and 1987. The study used a ?JrU]atlun of wlld k('stn'l" 10c'dt('I1 

in the western reglon of the lslrmd of M-mtrc!lil, l Je· P(~rTnt ;md th,· 

eastern region of Vaudreuil-Soulanges county (45 0 2Cj' N, 74 r
• OS' W) ln 

southwestern Quebec. AlI breeding ~Hr~ usP.d HI th i.., htudy bmd Ifl 

8 



( 

( 

nestboxes erected br the Macdonald Raptor Research Centre (KlRC) • 

Neatboxes were placed on hardwood trees or Bnags located in hedgerows 

bordering faUow agricultural fields. Dimensions of aU nestb>xes 

were identical (22.9 x 25.4 x 27.9 cm). 

captive studies used Iœstrels fran the ~ pedigreed oolony. 

Pairs were housed in 2.4 x 1.2 x 2.4 m high pl~ enclosures under 

natural photoperiod. Each pen was equiJ:P!d with a one-way glass 

observation window to view the interior of the cage and nestoox. AlI 

captive pairs were fed ad libitœa on day-old cockerels Sl1EPlernented 

with a vitamin/mineral mix (SA-37, Rogar STB, fot>ntreal Quebec). 

Manipulations- Records maintained by the ~ fran 1982 to 1985 

for nestboxes in the wild indicated that the largest, and mat cat1tDn, 

clutch size was 5 eggs (45 of 61 active nests). M:dal clutch in 

captivity was also 5 eggs. Therefore, for this study broods of 5 were 

considered to produce, on average, the greatest nœœr of young. 

Manipulations were perfonned to increasc or decrease brcod sizes to 7 

and 2 young, respectively. Manipulations were always performed within 

2 days of the hatching of the last young. To minimize age and weight 

differences aroong the young, transfers were only done between nests in 

which the young had hatched within 1 calendar day of each other. For 

wild nests, young were usually tranaferred fran other wild nests. In 

several cases this was net possible, and young fran the captive 

breeding colony were fostered into these nests to aUlJlBlt brood size. 

Nesta fran which young were taIœn fonned the experimental group of 

reduced broods. If surplus young remained after manipulations were 

performed on wild nests, they were renDVed to the foIœC, hand-reared 
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and released at the end of the breeding seaaon. Thirty-four wild 

nests (18 in 1986, 16 in 1~87) and 28 captive nests were used in this 

study. 

Measurements- At 5-day intervals fran hatching to fledging, young 

fran aIl captive and wild nests were weighed to the nearest gram with 

a 300 9ft Pesola scale. Length of the tarsus, antebrachiœ and ninth 

primary were measured to the nearest 0.1 Im'I with vernier calipers 

following the procedures described by Olendorff (1972). AIl young 

were measured by tI'G, except for captive young in 1986 which were 

measured by an assistant. ~.rphological measurements were always 

taken on the left side of the body. AlI measurenents were taken 

be:tween 1100 and 1300 bours. Aroount of food in the crop was assessed 

qualitatively at each weighing. Chicks were rarely observed with 

fully distended crops, and urdigested food probably contriblted little 

to the total weight. Ta differentiate hetween nestlings, aIl birds 

were disti.œtively I1'Iilrked with waterfast colour I1'Iilrkers Wltil they 

were old enough to he fitted with u.s. Fish and Wildlife Service 

bands. Sex of the young was known prior to fledging on the basis of 

diJrDrphism in phnage colouration. 

statistical AnalYBes- Kestrels exhibit reversed size diJoorphism as 

is standard aroong raptors (Newton 1979) , with females heing 

aR;Jroximately 15% larger than malep (Palmer 1988). Therefore, 

fledging weights and growth rates of each BeX were analyzed 

separately. AsyIrptotic weights and growth rates were detennined by 

Ricklefs' (1967) graphical method, using the logistic growth equation. 

'l'his method invol ves the use of conversion factors to transfonn 
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(. slÇJOOidal growth curves into linear functions. The slope of the 

resulling line lS proportional to the growth rate constant, K. 

Tarsal and antebrachial length reached stable values about 5-7 

(~ys prior ta fledglng. These as~ot~c values were used for 

slat1stical corop:lnsons aJOClng groups. Balgooyen (1976) indicated that 

tarsa 1 neasurements do not reflect the degree of sexual dirrorphism of 

body ~nze, whlCh lS likely since bath sexes take sinular prey. 

Thcl"efore, for aIl brood sizes, IOOrphological measurements for bath 

nexps were px>led, after w::rIfying that dIfferenC'es between sexes were 

not s igni fu.:ant. 

To determine whether slgnifIcant differences existed among brood 

SlZPS for welght, growth rate, tarsal or antebrachial length, single 

c lasslfwatlon analysec; of vanance were perfonned for each parameter, 

b.1Sed on a Il young su tin ving ta fledging age in the study. However, 

!'Hnce pre-fledglng ITûl"tahty my Influence subsequent growth of the 

rcm-nmng youn'J ~.'lth]n a brood, l also perfonned separate analyses 

w .. u ng only nente; where no pre-fledging mortality occurred. For these 

nests, two-leve] nested analysis of varIance was used to detennine 

wht'!th~r slgmflcant dlfferences existed between brood sizes or among 

hr(llld~ of d spPC'lflc Sl7(~ for aIl 4 grow-t_h parameters. Pau""ise t-

IJ'sLs were USf'd tn locate sigmfIcant dlfferences aroong groups. For 

l'nllHt-y ](~llgth, on]y dlfferf'nces between brood Slzes were examined. 

AlI sL"ltu;tIca 1 PI"CX::edures followed Sokal and Rohlf (1981). 

v,ll Ut 'H cu"e mc'an 1 1 SD. 

11 
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RESULTS 

Clutch initiation and size- Dates of clutch initiation were 

converted to integer values based on the nœœr of julian days after 1 

April when the first egg was laid. Clutch initiation dates ranged 

fran 10 April ta 5 May in 1986 <x = 23.8, n = 18) and 8 April to 11 

May in 1987 Cx = 21.4, n = 16). There was 00 significant difference 

in the rœdian date of clutch initiation bebleen years (t = 0.88, p > 

0.05). Mean clutch size of all active nests was 4.8 .:!:.. 0.4 eggs in 

1986 and 4.7 .!. 0.5 eggs in 1987. The difference between years was not 

significant (t = 0.81, p > 0.05). 

Fledging success- Productivity of wild nests was higher in 1987 

than in 1986 for aIl 3 brood sizes, and significantly so for broods of 

5 ard 7 (Table 1). In 1986, the average ntmœr of yot.ln9 fledging per 

brood did net differ significantly aJOOng the 3 brood sizes <Kruskal

Klllis test, H = 2.08, p > 0.25). Significantly IIDre young fledged 

fran broods of 5 and 7 than broods of 2 in 1987 CH = 17.07, p <' 

0.001). The percentage of nests fran which at least one young fledged 

in 1986 was 71, 80, and 33 for broods of 2, 5, and 7, respectively. 

In 1987, aIl nests of al! brood sizes had at least one young fledglng 

CAR:endix) • Breeding records for the same wild p:>p.11ation fram 1983 

to 1985 irdicate that over that time period, average prodœtivity per 

brood of 5 was 4.67 .! 0.50 young (n = 9, unplbl. data). This was 

significantly higher than for broods of 5 in 1986 Cx = 1.80, Mann

Whitney test, 0 = 0, p < 0.001>, rut net significantly lawer than 

12 



prüductl.vity from brcxx1s of 5 in 1987 (x = 5.00, U = 21, p > 0.05). 

Varlatl0ns ln fledglng success between years for capt1ve broods 

were flot slgnl.f1cant (Mann Whitney U test, p > 0.05 for aIl 3 

COIT1J.X.:I'nsons) , thus data were px>led. As with wild nests ln 1987, 

brrxxls of 5 and 7 had slgmfl.cantly hlgher average fledging success 

than brorAlc; of 2 (fI ::; 13.79, p < 0.01>, but were not s1gmflcantly 

dl [[('mnt [rom each other (Table 1). The nrnnber of young fledged from 

wild brrxx]s ln 1987 was not signl.f1cantly dlfferent than for s1milar 

R L Zl--d cêlpt.lVe bro(xi!; (Mann-~Jlu tney U test, p > 0 .05 for aU 3 

coml-Br1S0ns), but was lower for wlld broods of 5 and 7 ln 1986 (Mann-

Mll tn('y lJ test, p .' 0.05 for bath compansons). 

In px[.enrœntéllly enlarged broods, fledging success was 

j ndep'ndent of [Orentage, with 63% of natural young and 62% of 

( f (>C;U~l"(,(.i young fI pnywg (G = 0.015, P > 0.9). 

WOlqht ÇJrowth rates- Slnce kestrelh ralsed ln captivity 

exh 1 bl h~d no S 1901 fI cant varlation ln fledging welght Letween years 

(t-le",t, p -. 0.05 for aIl 3 brood SlZes for each sex) , data were 

[XXllf't}. Analys(!s were therefore based on 9 expen.mental groups: 

captlVE'! nf'sts, and 1986 and 1987 wlld nests, each with 3 brood sizes. 

Vi"lrlèHlCPS 1 n asymptotlC weights between groups were homogeneous 

for hllh sex('!'; (F-tf..!st for equallty of vanances, p > 0.(5). One-way 

dn'tIY!'t-"·" of vandncp based on aIl young survlvlnl) to fledg1ng 

lmhcated thdl hlghly s1gmflcant (Fa ,97 ::; 8.20, p < 0.005 for males, 

Fu ,IIY 7.75, p \ 0.005 for femalf's) dlfferences eX1sted ln fledging 

\~f"'19ht S dTIlmg bnx.xi Slzes for bc.Jth sexes (Table 2a,b). 

Mampllat IOn of brood size had no effect on flP-dglng weights of 

( 
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captive bred young. For wild !lirds, young from snnll and norm_~l slZro 

broods generally fledged at weights equal to captive-reared young. 

Only females from wild broods of 5 ~n 1986 were sigm_flCanlly 1 i9hter 

at fledging than their captive counterparts. 

Fled9~n9 weights of young from augmented wlld bn:lOds varü,d 

between years. In 1986, young from broods of 7 fledgl'd at welghts 

sinular to young Hl smaller SlZed broods. HO\'\'ever, heavy pre-fltodçpn<j 

mortality ln these broods of 7 likely led to a s1gnlficant n~du<:t lOn 

in competitlon for food among the survlving young. Tn 1987, al though 

fledgwg success from broods of 7 was hlgh, young were signHlcantly 

lighter at fledging than chjcks ln broods of 2 and 5. 

Varlances ln growth rate constants betweF!n groups Wf'r-e 

horrogeneous for rreles (F 27.73, P > 0.05), but het('lOgF'n(,ouH [or 

females (F = 231.04, p < 0.05>. The hpten)genelty n~sults From the' 

srrell degree of variatI.on annng young from wlld brcros cf 7 in P)06. 

However, this group was reta1ned ln the ana lY'Hs of vananr.f' blTiiuse 

rroderate heterogeneity of varlance has no Sf'nous ('ffpcl on UH' 

overall test of signiflcance (Sokal and Rohlf 1901). 

Although growth rates for malf's dl.ffr'red êtla:mg groups (Télbl(, 2a), 

one-way analysis of varlance lndicaterl th,it these cl i fff~rt~nr'r'c..; Wf'l"t' 

insl.gmf1cant (Fa ,97 = ].90, p;" 0.05). Growth rùt('<-, (jf f('lf.t1(· younq 

d1.ffered sign~f1.cantly arocJng experuTlt-!nlal groups (f'U,B~ - 5.45, rI ( 

0.05, Table 

from 1986 

2h) • Thp SalfW"' resu Il was obt il 1 m~l 1 f Wl 1 cl lwood ... (Jf 

were exeluded, and analysls (Jf Wtnance pprfol1Tlf'fl on 

7 

renBinlng groups. Growth t'atJ-'s for fŒo:dp<; HI broc)(]<-, of 7, bot h 

captive and wild, were slgmflcantly slowf!r than for captive brtJoc]<-; of 
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2 ànd 5. Growth rates of femlles in these enlarged broods als~ tended 

to he slower than rates for wild broods of 2 and 5, although not 

significantly so. 

For the two-Ievel nested 'AIi1:NA, wild broods of 2 fram 1986 and 

1987 ln WhlCh no pre-fledging nortal ity occurred were pooled since 

neither weight nor growth rate differed significantly between years 

for elther sex (t-test, p> 0.05 in aU 4 corrparisons). QnIy nests 

from 1987 were analyzed for wild broods of 5 and 7, sinee for these 2 

brood !:.) zes aIl nests had at least one chick die prior to fledging in 

1986. Signlficant differences existed am:mg brood sizes for weight 

but not growth rate for bath sexes. Differences ammg broods 

compr ising an experirnental group were significant for weight and 

growth rate of females, but not males (Table 3). Significant 

differences aIrong brood sizes were attributable primarily to the 

l ighter yOlffig fledging from wlld broods of 7 (Table 4). Therefore, 

enlarging brood Slze appeared ta influence fledging weight for wild 

kesLrels. Furthenoore, fledging weight and growth rates were 

influenced by mernbership ln a p3rticular brood, but only for females. 

Welght paraneters of young j n broods of 7 were not influenced by 

(Xi n'ntage • For enlarged captive and wild broods from 1987, average 

f1(--dgi ng welghts and growth rates were not significantly different 

hetwCf>n natural and foster young for either sex (t-test, p) 0.05). 

COmp:1)'l sons could not he tested for wild broods fram 1986 due to smaU 

sê\ml'le Sl7.eS resultlng from high pre-fledg1ng rrortality. 

G .. owth rate constants were not correlatPd wlth asynptotic weight 

(for nuIes, r -= -0.13, 103 df and for females, r = -0.12, 96 df, p ) 
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0.05), as K is only related to time to cooplete a given growth 

segment, independent of the absolute magnitude of t,hat growth. 

Tarsal and antebrachial length- r-t>rphorœtric measurerœnts for 

captive bred young from 1986 have been excluded from the fol1owing 

analyses, as they were consistently higher than aIl other groups. 

Pooled tarsal or antebrachial length for aIl captive young From 1986 

was corT'{liired ta poeled data from aIl other broods. In both 

cOl1Flrlsons captive young from 1986 had signifieantly longer 

measurernents (t -test, p < 0.001). This d 1. sc repancy may have resul ted 

from experimental artifact, sinee these WE:re the on~y young measured 

by an assistant. 

VarIances between groups were hooogeneous for bath tarsol 1 and 

antebrachial length (F test for equality of variances, p . 0.05). 

Based on aIl surviving young, significant differences were found êlloong 

groups for bath bane lengths (Table 5). Yo'mg From wlld bnxxJ ... of 7 

in 1987 exhlbited a tendency toward shorter bClnes at fl(~g~ng, 

~rticular1y wlth respect to the antehrachlUm. 

primarily due ta young fledging from broods of 7 where pre-flpe]gi ng 

roortality had occurred. Nested AMJVAs bëtsed only on brood!> WJ thouL 

pre-fledging roortality indicated that differencpc; t-Jelween grollpe; wen.! 

inslgnlf lcant while dlfferences aflDng brocx]s cornpr l S 1 nlJ il grou[I wpn' 

slgnificant (Table 6). Thus, lllF'JTlbershlp withm a parllcu).-II' brcxx1 

aH:Jeared, ln general, ta he the oost iJ1l[X>rtant. factor r]pt('rTfll!11rlg bonI' 

length at fledglng. 

Nlnth pnf:lê:l!:y length- UnI ike ske letal features, th!'.' rll.nt.h [In n~.iry 

had not reached an asyrtFtotic length pnor to f Ip("lgin(J. fl;j 1 gooyen 
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(1976) found a similar trend for the fourth remex. Furthenoore, sinee 

age at the time of the last measurement varied by 2-3 days aJOOng 

YCIUll9, it was not possible ta ascertain primary length at fledging for 

aU individuals. However, ninth primary length at day 22 (4-5 days 

pre-f ledging) was known for a large mllb!r of young, and can gi ve sane 

indication of trends with respect ta brood size. Data were P'Oled for 

sexes and between years for captive and wild broods as no significant 

differences occurred (t-test, p > 0.05, aIl CCIIpll"isons). Young fran 

wild broods of 7 had shorter ninth primaries at day 22 than young fran 

wild broods of 2 and 5 (Table 7). There were no significant 

differences in feather length between young fran captive and wild 

broods of equivalent size Ct-test, p > 0.05 in aU 3 cases). 

OISCUSSlOO 

Fledging ~-l!!!- The average runber of young fledging fran 

experimentally enlarged broods was slightly greater than fran nonnal 

sized broods for captive kestrels, b.tt only in 1 of 2 seaSOnB for the 

wild popllation. However, these differences in productivity between 

broods of 5 and 7 were IlOt significant. Sane breeding pairs 

dErfl)nstrated that kestrels are capable of raising aU members of an 

enlarged brood te fledging age. In the wild however, birds in broods 

where aU 7 young survived were significantly lighter at fledging than 

other young, and the quality of these chicks may have been poorer. 

Productivity of wild nests was highly variable between years 

CAaadix). In 1986, broods of 5 suffered heavy pre-fledging 

m:>rtality, and productivity was no greater than that of a II'IlCh smaller 
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sized brood (2 young). In contra st , in 1987 aIl 7 breeding ~irs 

raising a normal sized hrood had 100% fledging success. The 

differences in fledging success between years mirrored differences in 

prey abundance hnicrotine rooents), which increased tenfold in 1987 as 

cOlTp1red with 1986 (Chapter 2). Prey abundance in 1986 was fXlssibly 

below average, preventing p:lrents from finding adequate foci! to ke('lJ 

aU young in a normal sized brCXld weIl fed, which resulted in thp rnrJI" 

fledging success. Although long-term records of prey density are not 

known for this study area, the esti.Iœted prey abtmdance in 1987 was 

much higher than values rep:>rted in a previous study on the saire 

}?OfUlation (Bowman and Bird 1986). Thi s suggests that prey ahundancp 

that year was at or above average levels. Due to this high pn~y 

density, not only were young in nonnal sized broods weIl fed, but ln 

several enlarged broods aIl young were kept adequately nounshed. 

Korpin.aJn (987) found similar results for Tenglllalm's owls. fI edg 1 r\l:l 

success was füsltively correlated with ~llcrotus vole abundancf', and al. 

least ln peak vole years, bu"ds cou Id rear larger broods than t.heir 

original c1utch size. 

Nest records for thlS PJpulation lndlcate that between 19f11 and 

1985, 6 of 9 nests wi th an HIl t1 al brood c,] 7(' of 5 f1 f'dg('(] ) yuunrJ, 

while the others fledged 4 (unpubl. data). Neste; flf'dging only 4 

young may have been located ln terntoneh ~ .. Jth }ow('r food abundaflc(·. 

Al though not recorded, the dead C'hlCks in thpe;(' "3 nr"!st.s m"ly haw-' tX'('/1 

the last ch:ick hatched. Death of th] <., npstl Hig could tx.. clu(' 'Cl 

facultative brood reduction when food l"eSOUl"ces arr:' below ,JV('raCJp 

(Mock 1984). At 6 other nests, 5-'-'99 clutC'hes were léJld, but t,hf' 
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initlal brood size was srnaller due to the presence of infertile eggs. 

However, in these nests, aU young which hatched survived until 

fledglng. 

The modal clutch size of the wild population was 5 eggs, and rnean 

clutch size varied little between years. Nest records indicated that 

fledging success from broods of 5 was generally hlgh. In 1986, when 

fledging success was poor, prey abundance may have been below average. 

These factors suggest that kestrels laya 5-egg clutch in the 

expectat ion that prey abundance is high enough \..0 SUH?Ort 5 young. 

This implles that brood size corre'S(X>nds with the largest nurober of 

young which ~rents can feed (Lack 1954, 1968). 

In the 2 enlarged wlld broods from which aIl 7 young fledged in 

1907, chlcks welghed significantly less at fledging than young from 

nonnai SlZed broods. Similar patterns of higher productivity but 

deCt·eil ..... I"'!i fledging welght have been reported for brood manlpulation 

experiments with seabirds (Jarvis 1974, Lloyd 1977) and passerines 

(Crossner ] 977 , Bryant and Westerterp 1983). Korpirnaki ( 1987 ) 

rep:>rted a similar trend in mampulated Tengrnalm' s owl broods, 

although dlfferences ln fledging weights were insignificant. Sex

rat ios ln the 2 wlld broods from which 7 kestrels fledged were skewed 

ln f.wor of tn:iles, l.e. bath contained 5 males and 2 females. 

COITlfet ltlOn aroong si.blings for food ooy be dominated by the heavier 

fennh? nesthngs as Cavé (1968) suggpsted for Eurasian kestrels (F. 

t i nnunC'ul us ) • Tht=! preva lence of male chicks in these enlarged broods 

may have reduced size mediated competition during feeding bouts, such 

t.hat food was lOOre evenly distributed aroong aIl nestlings. 
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Furthenoore, this chance predaninanee of male nestlings probably meant 

that the total energy demand of the brood was less than if the sel( 

ratio was nearer 50: 50, which may have enabled parents ta keep aIl 

young at least adequately fed. 

Time of breeding may have aIse influenced fledging success in 

these enlarged broods in 1987. AU 7 young fledged fran the ear liest 

brood (hatch date 15 May). 'l\«) later enlarged broods (hatch date 1 

and 5 June) fledged 7 and 5 young, respectively. Fledging weights of 

males were significantly higher in the early brood of 7 cœpared to 

the latter. Ooly 3 YOWlg fledged fran the latest brood (hatch date 15 

June) • 

Kestrels undergo a post-fledging weight recession (Balgooyen 

1976) during which weight can drop by 10-20 g. Sane of this weight 

lOBS rnay he due to changes in body HaO content, such as water lOBS 

fran featbers (Ricklefs 1968a), but this is unlilœly ta account for 

the entire weight change. Parents provide food in decreasi1'\9 anDunts 

to young for about 2 weeks after fledging (Iett and Bird 1987) during 

which time fledglings acquire hunting siriUs. Therefore, weight 10ss 

is IlDst likely due ta utilization of acctm1lated fat stores until 

young becane adept at feeding themselves. Average adult weight ia 

about 105 9 for males and 120 9 for fem'lles (Palmer 1938). ~st young 

in this study fledged above adult weight and proœbly drowed ta that 

weight after fledging. Young fran wild broods of 7 in 1987 fledge<! at 

or below average adult weight. Henee, typical patterns of post

fledging weight change in these young may have resul ted in roortality 

fran emaciation. Although post-fledging nDrtality waB not known, 
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other studies have indicated that survival i.rrrnediately following 

fledging lS strongly correlated with fledging welght (Perrins 1965, 

JilrV]~ 1974, lJ:JrrBn 1977, Murphy 1978). Since juvenile kestrels fom 

rx-Jst-fledgwg feechng flocks (Lett and Bird 1987), small body Slze may 

also produce d~:reased post-fledglng survjval resulting from increased 

behaviourill domInance by larger cohorts (Garnett 1981). 

six of 9 enlarged captlve broods fledged 6 or rrore young. Of the 

other 3 nests, 2 fJedged 4 young and one fledged 5. Differences in 

fI edgl ng sucr.e!'>t; arrong these broods ooy he due to several factors. 
, 

flaydock and Ll gon (1986) found that manip.Ilating broods of Chihuahuan 

t"avpns (Con.,us cl-yptoleucus) to el unlnllte age and welght differences 

lncreased fledgHlg success ln comparison with less synchronous broods. 

M:mipu]af.lOnc, in my study attempted t.o minimize age differences, and 

] n nnst cases ages var ied by no more than one day. However, 2 of the 

3 captivp bronds fledglng 5 yOlmg or less had age ranges of 1-2 days. 

Wplght H\Cn:~ases rapldly in the first few days fnst-hatch and weight 

hi el"iH"ch1f'S resultlng from age dlfferences werf' not conpensated for 

later ln the nest 11ng period. Therefore, al though food was avallable 

dd 1 j b i t.\lm, youngpr nestllngs were possibl y outcompeted by aIder, 

1.lr~ler S lb 1] ngc, whenever parents fed, leading to death from 

...,t dl-V ..... t lon. 

S lagsvo Irl (1982) suggested that increased rrortality associated 

\~i th brood f'nlargE'.JTlCnt may hE' a result of nestbox crowding. This 

apl-"'e.,,"S unl1kely ln my study, as nestboxes had identlCal durenslons, 

.m{l {~.lpt i\'l' hrexX!s showed no adverse effects of crowding on fledging 

';;uC'cess • 
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An increased number of young may produce other problans that }ead 

ta higher rortality. Nestooxes containing enlarged broods tended ta 

he 1<:;ss sanitary due to the greater acc'umulation of feca} I1\lterial on 

the walls and partially consumed prey carcasses ln the bedding. Th18 

may increase the risk of young contracting dlsease or nest fUrasi tPH 

as compared with young ln Sffi3ll and normal SlZed broods, whosf' 

nestboxes tended to he cleaner. 

In general, captive breeding kestrels provided with ad lIbitum 

food were capable of successfully rearing an enlargPd brcxx:l. 

resul ts are comparable with field experirnents whnn~ sU[.plf~rnpnt al 

feeding done ]n conjunction with brood 

producti vlty ( Crossner 1977). This sUPfOrts the idea lhat food 

avaiJabihty is the factor which regulates brood Sl.,u-!. 

Wel.ght and growth rates- Asyrrptotic weight was re lat 1 VP 1 y 

constant aroong groups. Only young from enlarged wlld broodc; ln 1 Q07 

showed a consistent trend toward decreased fledgl ng wejght, pt~t"hapl-> 

resulting from decreased per caplta food consumpt ion. Pmblerns or 

thenroregulatton caused by overheatl.ng in the nestbox and t 1 SSUf' 

dehydration may have magn1fled weight ùifferf>ncc's In t.he:,(. (!O).il·(Jf>fJ 

broods <Crossner 1977). For Ferules, vanatlOlI]O fl('(Jglng w(JIIJht .... 

within broex] Slzes was as imlXJrt.dnt as Var.lal.lOTl .UT'ong bnKld Sl/f'h 

(Table 3). Thl.S was also tnlp. for growth ratl' .... of f,.rrü)ps. SUfll ).11" 

patterns were not obsr-,vf='Cl fCJI" males. 

female young may have been n'Ore c;uscept.lblp. th;m /f~:t 1 ('c, tu dldf!fJf'L, j fi 

food availability. Dlfferenres jn food aVlJllabl]lty dH"ng rJ('<,t .... WP'"f' 

roore pronounced for broods 10 the wlld than ]_n ('dpt IV) t.y • 
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in prey ablndance or parental hunting ability could account for 

differences in the annmt of food available for wild young. 

Growth rates of young fran different groups, based on aIl 

surviving birds, were generally sunHar. Considering only those broods 

without pre-fledgil'l9 mortality, growth rates aroong groups were not 

significantly different (Table 3). Ricklefs U968b) noted that 

variations in food availability will influence asynptotic weights, but 

not rates of growth. Young fran wild brooda of 7 in 1987 illuatrate 

this ~int. These young had lawer aaynpt:.otic weights, bIt displayed no 

change in the rate at which those weights were reached. The lower 

fledging weights likely result fran allocation of a greater prop>rtion 

of the available energy ta maintenance and tissue maturation at the 

expense of growth. Rates of developnent are not serioualy affected 

unless nutritional deficiencies lead to starvation (Ricklefs 1968b). 

The depressed growth rates observed for the few young fledging fran 

wild broods of 1 in 1986 may indicate that these birds were 

encountering nutritional deficiency. C'hicks were able ta attain normal 

fledging weights, bIt only after the Imlrtality of siblings had 

lessened catfletition for food. The t~O-gO period (time required to 

grow fran 10 to 90% of asynptotic weight, Ricklefs 1967) for these 

young was 21 days against a mean of 13.5-14.5 days for other groups, 

illustrating that they took longer ta reach fledging weights. I.enton 

(1984) found that increasing brood size fran 6 to 7 at one barn owl 

(~àl.Q) neat resulted in Btarvation of seme nestlings, and a tl,O-

90 time of 42.7 days for surviving young carpilred with a popllation 

mean of 28 daya. 
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YOW'l9 raised in captivity were not faced with food limitation, 

irrespect ive of brood size. Growth rates for these young were 

therefore moat likely limited by physiological constraints, 

specifically the rate at which food cao be converted inta 

metabolizable energy (Ricklefs 1969). Fendes fran captive broods of 

7 atpear to contradict this hyplthesis, as they exhibited 

significantly slower growth rates than birds in smaller broods. The 

reason for this is unclear, but is not liJœly a result of food 

limitation, as males fran these broods did not shcM a similar trend. 

In broods without pre-fledging IIDrtality, growth rates of wild 

birds were slightly, but not significantly lower than rates for 

captive birds. AsS1.lldng captive raised young were 1 imited by 

physiological constraints, this suggests that these wild birds were 

growing near their physiological max:inun. Similar growth rates for 

captive and wild chicks have been reported in ather studies on raptors 

(lA!nton 1984, Collopy 1986). Martin (1987) suggested that altricial 

young rarely grrJW at their physiological maxillun. rut instead at a 

rate set by parental food delivery rates. 'nie slightly slaer growth 

rates of wild young relative t.o captive birds may he a funetion of 

declining growth rates as nestling age increased due to progressively 

greater carp!tition for available food. 

Tarsal and antebrachial length- In broods witOOut pre-fledging 

mortality, mean bene lengths were not significantly different ancng 

brood sizes. Other studies on raptors also found no changea in bone 

length due to natural or experimental variations in brood size or 

fluctuating environnental conditions (r-t)sa 1979, Korpimaki 1987, 
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Wilson et al. 1987). For bath tarsal and antebrachial length, the 

particular brood in whieh young were reared contributed significantly 

ta the total variance, suggesting that in general, ~ndage length 

may be roore strongly detennined by genetic factors than envirormental 

fluctuations. &ni.th and Dhondt (1980) found that tarsal length of 

young in manipllated song sparrow (Melospiza melodia) broods was 

strongly correlated with tarsal length of their natural parents but 

net of their foster parents. While they caution that these resul ts 

cannet he uncritically generalized to ether species, they do point ta 

skeletal features being largely influenced by hereditary factors. 

Ninth primaIT length- Sirda in experilnentally enlarged wild 

broods had significantly shorter ninth primaries at 22 days of age 

than young in broods of 2 and 5. Although exact age at fledging was 

not detennined, it is possible that young in broods of 7 may have 

fledged slightly older than other young. An inverse relationship 

between primary length and duration of the nestling period has been 

observed in manip.tlated tree swallow (Tachycineta bicolor) broods 

(DeSteven 1980). Developnent of primary feathers appears to he rrore 

easily influenced by envirormental factors than tarsal or antebrachial 

developnent. Siœe primaries grCJW late in developnent, they may he 

IOOre adversely affected by malnutrition in oIder nestlings (Priee 

1985) • 

Results fran Ws study indicate that in this region 5 young is 

the largest brood size for which kestrels can, on average, provide 

food. This aJ:llears te SUJ:P)rt Lack' s <1954, 1968) hypothesis 

regarding the evolution of clutch size. Reproductive success of 
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parents with 0011181 sized broods differed be~n years in relation to 

fluctuations in prey abundance. In 1986, puents could not meet the 

food demanda of even broods of 5 and pre-fledging rrortality was high. 

In 1987, grcM:h rates and fledging weights of young in broods of 5 

were carpu-able ta those of young in experimentally reduced wild 

broods and captive broods fed fran ad libitœ food. This suggests 

that for young in normal sized, wild broods in 1987 the probability 

of post-fledging survival was maximized. Wi!d kestrels were 

occasionally capable of rearing aU chicks in larger than nonnal 

broods to fledging. Although young in these nests grew at rates 

sirailar te young in normal sized broods, they weighed significantly 

less at fledging. The px>rer quality of these birds may have led to 

higher post-fledging mortality. 
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TABLE 1. Average nwnber of young fledging fran manipulated American 

kestrel broods. 

------------------------------~---------------~-----------------------

BRaD SIZE YFAR N x,!lSD 

WIID NESTS- 2 1986 7 1.43 !. 0.98 

1987 5 1.80!. 0.45 

5· ... 1986 5 1.80 !. 1.30 

1987 7 5.00 .! 0 

7· 1986 6 1.17!. 2.04 

1987 4 5.50 !. 1.91 

CAPTIVE NES'l'S 2 86/87 11 2.00 ,! 0 

5 86/87 8 4.63.! 0.74 

7 86/87 9 6.00 .! 1.32 

- Mann-+atitney U test for differences between years, ... p < 0.05; ..... p 

< 0.01. 

31 



TABLE 2. Fledging weights and growth rates of aH surviving nestlings 

in lIBnipulated Americ:an kestrel broods. 

a) MALES 

BRaD 
SIZE 

2 

5 

7 

EXPr'L 
GEaJP 

Captive 

wild 86 

wild 87 

Captive 

wild 86 

wild 87 

Captive 

wild 86 

wild 87 

N 

10 

5 

5 

11 

4 

21 

31 

3 

15 

HEIŒr (g)'" 

132.9 .:!:. 9.9-

136.2 .:!:. 12.9-

136.8 .:!:. 5.4-

135.6 .:!:. 8.0-

128.3 .:!:. 12.2-

132.1 .:!: 11.4-

134.1 .:!:. 10.4-

131.0 .:!:. 6.9-

110.3 .:!:. 10.'" 

GRamI RATE (K)" 

0.328 .:!: 0.047-

0.308 1. 0.054-

0.267 1. 0.024-

0.326 1. 0.054-

0.253 1. 0.030-

o • 292 .!. O. 058-

0.306 .!. 0.079-

0.207 .!. 0.015-

0.285 .!. 0.063-

----------------------------------------------------------------------
.. For each variable, values within the coltmll sharing a carroon 

superscript are not significantly different Ct-test, p > 0.05). 
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TABLE 2 (cont.) 

b) FBoJM..ES 

BROOD EXPr'L N WElœI' (g). œamI RATE (K)· 
SIZE GOOOP 

2 Captive 12 147.8.! ?5ût 0.310 .! 0.035ab 

Wild 86 5 156.8 .! 14.0- 0.284 .! 0.01~ 

Wild 87 4 148.6 ! 22.4-a. 0.314 .! 0.022ab 

5 Captive 25 146.0 .! 12.8-a. 0.327 .! 0.061-

( Wild 86 6 116.4 ! 14.5° 0.301 .! 0.076abD 

Wild 87 14 146.9! 14.0-a. 0.281 .! 0.045'" 

7 Captive 21 144.1 ! 11.3b 0.249 .! 0.057cod 

Wild 86 4 145.0 .! 12.2-a. 0.205 .! 0.005cS 

Wild 87 7 119.2 .! 12.SCO 0.259 .! 0.037° 

----------------------------------------------------------------------
• For each variable, values within the colœn sharing a catI'OOn 

superscript are net significantly different (t-test, p > 0.05). 

(~ 
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TABLE 3. 'l'wo-Ievel nested analysis of variance for fledging weight and 

growth rate in manip.llated American kestrel broods. Six experimental 

groupa were analyzed; broods of size 2, 5, and 7 for both captive and 

wild populations. 

----------------------------------------------------------------------
a) MMES 

WEIGm' ŒM1I RATE (K) 

SOORCE dl MS F df MS F 

Experimental 5 1409.6 3.48* 5 0.0053 1.35 
group 

Brood within 28 404.7 0.43 28 0.0040 1.06 
expt fI group 

Within 47 945.7 47 0.0037 
broods 

b) FEMM.ES 

WEIGm' GRamf RATE (K) 

&XlRCE dl MS F df MS F 

Experimental 5 857.8 3.12- 5 0.0098 2.38 
group 

Brood within 28 275.1 3.33 .... 28 0.0041 3.13--
expt'l group 

Within 38 82.7 38 0.0013 
broods 

-------~--------------------------------------------------------------
* p < 0.05; •• p < 0.005. 
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TABLE 4. F1ed9ing weights and 9rowth rates of American Jœstrels in 

manipulated broods, based only on nests not experiencing pre-fled9in9 

roortality. 

a) MALE 

STATUS BR(X)[) 

SIZE 

Captive 2 

Wild 

b) FEMALE 

5 

7 

2 

5 

7 

STATUS BRCXD 
SIZE 

Captive 2 

Wild 

5 

7 

2 

5 

7 

N 

la 

9 

21 

la 

21 

10 

N 

12 

20 

14 

8 

14 

4 

WEIGHl' (g'''' 

132.9 .! 9.8'" 

132.8 .! 5.3'" 

130.5.! 6.4b 

136.5 .! 9.3-

132.1 .! Il.3''' 

109.5 .! 12.2'=-

147.8 .! 7.4-

144.3 .! 12.8-

144.4 .! 12.2-

156.1 .! 16.1-

146.9 + 14.0-

116.9.! 16.3b 

GOll'H RATE (K) '" 

0.328 .!: 0.047-

0.335 .!: 0.051-

0.326 .:!: 0.076-

0.286 .:!: 0.046-

0.292 .!. 0.058-

0.305 .:!: 0.068-

GRafl'H RATE (K) • 

0.310 .!. 0.035-

0.325 + 0.065-

0.254 .!. 0.056-

0.292 .!. 0.020-

0.281 .!. 0.045-

0.278 .!. 0.028-

---------------~------------------------------------------------------.. For each variable, values within the co11.lll'l sharing a cat'IOOn 

superscript are net significantly different Ct-test, p > 0.05). 
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TABLE 5. Bone measurements of al! surviving nestlings in rronipuJatcd 

Arnerican kestrel broods. Sexes have been p::x:lled for analysis. 

----------------------------------------------------------------------

BROOD EXPI"L N TARSAL i\NTEBRACHIJ\L 
SIZE GROUP LENGTH'" r.ENGTH'" 

2 captive 10 39.8 + 0.8ab 50.7 + 1.0-b 

- -
wild 86 10 40.1 + 1.8ab 51.2 + 1.8-- -
wild 87 9 39.8 + 1.6abc 49.6 t 1.4br.:> -

5 captive 10 40.2 + 1.5a 51.3 + 1.1-- -
Wild 86 10 38.6 + 1. 3'" 50.8 + 2.3-b 

-
wild 87 35 40.5 + 1.6- 50.1 t 2.4-"" -

7 captive 14 40.0 + 1.2- 50.4 t 1.3-"" -

Wild 86 7 39.5 + 1.3"'bc 51.2 .. 1.7Ab 
-

Wild 87 22 39.0 + 1.6bc: 48.6 ~ 2.30 

-

-----------------------------~----------------------------------------

For each variable, values within the column sharing a (XJl!fIYJrl 

superscr.lpt are not significantly different (t-teRt, p;' 0.05). 
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TABLE 60 Th'o-level nested analysis of variance for tarsal and 

antebrachial lenqth in manipIlated American kestrel broods. Six 

experimental groups were analyzed; hroods of size 2, 5, and 7 for both 

captive and wild p:»pllations. Sexes have been pooled for analysiso 

----------------------------------------------------------------------

TARSAL LENmf ANTEBRAœIAL r.m;m 

~ df MS F df MS F 

Experimental 5 2.35 0.63 5 4.56 0.59 
group 

Brood within 21 3.73 2.00· 21 7.74 3020·· 
expt' 1 group 

Within 74 1.87 74 2.41 
broods 

• p < 0.05; •• p < 0.005. 
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TABLE 7. Length of the ninth primary feather at day 22 of the nestling 

stage for American kestrels in manip.tlated brooda. Data have been 

pooled between years and sexes for aU groupa. Values in parentheaea 

refer ta the nmœr of young measured. 

NINl1I PR~y UHmI (111ft). 

BRDD Wild Brooda captive Broods 
SIZE 

2 66.5 .!. 4.3- (14) 64.1 .!. 4.0- (7) 

5 63.7.!. 5.8- (28) 64.3 .! 4.9- (l 0 ) 

1 58.5 .!. 5.2a. (21) 60.5 .! 9.2- (12) 

------------~----------------------~---------------------------------

• Values within a colum aharing a catIOOn superscript are not 

aignificantly different (t-test, p > 0.05). 
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Chapter 1 described the growth and fledging success of nestling 

American Kestrels in captivity and in the wild in response to an 

experimental manipùation of brood size. These parameters are, in 

large part, influenced by the responses of parents te Chan<JeB to the 

original brood size. 

In Chapter 2, behavioural responses of wild breeding pairs te 

manip.tlation of brood size will be discussed and related ta eBtimated 

prey abundance on the breeding territory. 
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BEHAVIœAL RESPCNSES OF AMERlCAN KESTRELS 

'lU M\NIPUIATm BRaD SIZES 
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Behavioral resp:mses of American Kestrel (Palco sp3rverius) 

pdrents to manipulated brood Slzes were studied in southwestern Quebec 

during 1986 and 1987. Broods of 2, 5, and 7 young were examined. 

Averagp territory size was significantly srraller in 1987 than 1986, 

but was nat influenced by brood Slze in elther year. Territory size 

was, however, lnversely correlated with small marnmal abundance which 

differed slgnlflcantly between years. Time activity budgets revealed 

-that ~1rents of aIl 3 brood sizes devoted less time to searching for 

food, and rrore tune to resting and maintenance behavior in 1987 than 

1986. Intcrannual dlfferences in huntlng behavior were attributable 

(. 
to variatlOns ln the percent tune spent perch-hunting. Hover-hunting 

times wf're Slmllar between years and brood Slzes. Despite less tune 

spt-~nt huntu"J, rates of prey capture and food del1very ta the nest 

were sigmflcantly hlgher in 1987. Adaptlve constraints on parental 

foraging behavior lS suggested as the I1'Ost :unp:>rtant factor limiting 

brooù sizf' in Amencan Kestrels. 
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Lack (1954, 1968) theorized that brood size in nidicolaus birds 

is detennined by the ability of parents ta provide sufficient fcx:xl ta 

Jœep aU young in the brood weU nourished. Parental ability may be 

limited either by the abmdance of the food SUFPly or by adaptive 

conBtraints on their feeding behavior. According ta Lack' s hypothesis, 

the observed average brood size should produce the greatest m:nber of 

young BUrviving ta fledging. studies in which brood size has been 

experimentally enlarged have rtrJre often than not refuted Lack' s theOl-y 

br finding the JOOst productive brood size ta he larger than the 

average brood size (Martin 1987). Reprodtx::tive success in one 

breeding season represents only a portion of the total lifetime outplt 

for an iteropEll"OUS species. Increasing reproductive success at any 

one breeding attE!llpt may require a greater expenditure of reproductive 

effort by the parents resulting in a decreased p~bability of survival 

until the next breeding atte.rrpt. Therefore, individuals may raise 

broods smaller than the JOOst productive size ta maximize lifetime 

reproductive outplt (Williams 1966, Charnov and Krebs 1974). 

DifferentiaI parental mortality in relation ta brood size is 

difficult ta detect as low recovery rates of banded individuals 

necessi tate very large sanple sizes to desoonstrate the existence of 

significant differences (DeSteven 1980, Nur 1984a). t-t>nitoring 

parental weight changes during the breed.ing season can pravide an 

indirect measure of the l.."Ost of reproduction, al though the 

relationship of parental weight loss ta post-reproductive 8UrVival is 
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unclear (Martin 1987, but see Nur 1984a). Furthemore, weight loss 

during breeding has beel. suggested to he an adaptation which lessens 

the energetic expenditure associated with helghtened feeding activity 

(Preed 1981, Norberg 1981>. 

Reproductive effort can also he estirnated indirectly by obnerving 

r:arental behavior and rates of food prml1sioning to the young in 

relation to variation in brood size. This procedure does not fennit 

one to ascertain subsequent adul t surV1 val, but can inclicate whether 

{X:Irents resp:md to changes in brood Slze by rrodifying foraging 

eXi.JClidlture, or whether r:arents are already at the ~limit of their 

reproduct1 ve car:abl1 ities as Lack (1954, 1968) suggested. l rep:>rt 

het"e on the lnfluence of experi.mental manip.11ation of brood size on 

parental behavl0r and feeding frequency ln the American Kestrel (Falco 

s[Xuverius) • Th1s was clone in conjunctlon \\lth a study l.nvestigating 

lhe effect of al teration of brood size on growth and f ledging success 

of nestllng kestrels (Chapter 1). 

METHODS 

Thi s study was performed in 1986 and 1987 in southwestern Quebec. 

The sturly area has been described elsewhere, as has the experirnental 

pl nt (lco} used for brood sue manipulations (Chapter 1). Considering 

nrooùs of 5 ta produce, on average, the greatest number of surviving 

younlj, T m=tnipulatPl.] broods to create smnll and large broods of 2 and 

7 young, n'spectl ve 1 y. 

f'an-:>nta l behavlor was recorded dunng observation periods of 2 h 

dUt"at lOn. ObSel"Vat.lons were made from pat"tlally concealed positions 
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aOOut 50-100 m frcm the nestboxes, and were performed throughout the 

nestling periode Observation sessions were early mming (0700-1100) 

and late afternoon (1500-1700). To eliminate bias due to pre-f Iedging 

IIOrtality, observations were only done at nests where aU young were 

still present. Data fran aIl nests of equivalent original brood size 

were pooled for statistical analysis. Behavioral observations were 

recorded using a raptor actigram, an ethogram with alphanlDeric 

notations (walter 1983). 'Ihe duration of each behavior was recorded 

and the behavior was classified inta 1 of 5 categories: hunting, 

perched, maintenance, brooding or feeding young, and interspecific 

behavior. Hunting included periods of flawing or soaring flight 

interspersed with OOuts of hover-hunting. Perch-hunting, where birds 

were observee! continually lOOYing their heads and scaMing the 

surroundings, was also included in thia category. The latter was 

differentiated frem perched (or resting) behavior where kestrels 

perched bIt were not alertly l'lOnitoring their territory. Direct 

flight between perches was al90 i.œluded with perched behavior. 

Maintenance activities included feeding, preening or scratching 

sessions. Brooding or feeding of the young could net be observed 

directIy, but was inferred fran time parents spent in the nestbox. 

Percentage tiJne data were transfolTlei with an arcsin s:pJare root 

tranafonnation prior to statistical analysis (Sokal and Rohlf 1981). 

In oonjunction with behavioral observations, rates of prey capture and 

the runber of food deli veries ta the nest were recorded. Prey capture 

rates were detennined either directIy by viewiRg kestrels divil'l9 ta 

the grounc1 and emerging with prey or irdirectly by observing keatrels 
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( returning to a perch in possession of prey after having previously 

Clown off without a prey itffil. 

To detenune relative prey abundance, snap-trawing for small 

fl\'lrrmaJs WdS perfonned near active nests. Trawing was done at 

Jociltions where kestrels were observed hunting, and in vegetatively 

5J mi Jar habitat. At each site, 36 Victor snap traps, baited with 

peanut butter and rolled oats, were laId out 5 In ap3.rt in a 6x6 grld 

éltTangement. Traps were checked each IOClrnjng for 10 consecutive days. 

A relative index of abundance was calculated according to the formula: 

NumlJf')" of captures (Nurnber of captures) * ( 100 ) 

IJer 1 00 trap m ghts (Trap nights) - (Sptung + rnlssing traps) 

( whct"e l trap set for 10 nights = 10 trap nights CU.S.D.I. 1979). 

On at Ipilst 4 occaSIons durlng the nestling period, sweep-netting 

samp If'S were collected near actIve nests to nvnitor the abundance of 

graHshoJ:.l.JCl"S, often a ITojor prey item of American KeE>trels (Palmer 

19üA). HO\~ever, sarnples were only assessèd quahtatively to deteml1ne 

wht='n peak abundance occurred. 

[hH:,ding terntory SlZe was determined by a sfOt-ITIëIWing 

1 c ·dm JCJue. Thf' 1 OC'.lt Inn of kestre J s ln relatIon to geographic 

1.-·mrfmlrks sllc'h as buIldIngs, roads, hedgerows or dead snags \oIas oorked 

ull dcplal e Clvet"lays of ] :15,000 scale aerlal photographs. Ta 

(·ompensatt=· for ViH"1.3l10nS HI altItude on the photographs, the exact 

~~'d 1(' WilS t!C'tf'nmned by a photo scale reciprocal fonnula baE>ed on 

( gl"ounrl d1stanC'Ps dprived from al: 20,000 scale topographical ITlélp 

45 



1 1 -

-

(Avery and Berlin 1985). Using a mininun of 20 mlwed roints, home 

range was considered as the maxirrurn [X)lygon area created by connccting 

the ,outerroost locations to fe ~ a convex (X>lygon (Odum and Kuenzler 

1955). Area of the home range was measured using a dot-grid technique 

(Avery and Berlin 1985). 

AIl statistical tests followed procedures from Sokal and Roh 1 f 

(1981). Re};X)rted values are mean + 1 SO. 

RESULTS 

Kestrels maintained smlller breeding territories ln 1987 than Hl 

1986. Parents of aIl 3 brood sizes displayed tlus trend, with 

differences between years for average territory areù belng Sl~m fic.mt 

for parents raislng broods of 2 or 5 young (1'ablf"~ 1). However, witllln 

each year there was no slgnificant difference Hl tnrntol-y <,l/(~ 

corresp:mding with vanatlons in brood Slze (Kruskii]-Wa]]l~ tl·!-.t, l' " 

0.05 for both years) • 

Average small rnarrrnal abundance, as est~:tted by snap-U'dpfJlrlg, 

was 3.S4 + 4.03 ~ls/lOO trap mghts ln 1906 (n 1 0 ll"d(l <.; 11 Pl'.) , 

and 38.:?1 + :?3.15 marrm:ds/lOO trap nlghts in }')87 (n - 7 tr'd[l ~II(·'-.). 

test., lJ 

eonst i tut.ed the gn:.atest prOFortlon of manlrkd.., ('dUfJht HI bot h yr·dl· ... : 

68.9°., ln 1906 (106 mal'lTlOi 1 s caught ln tot.a 1 ) , dnrl (n. 1 \ 1 ri 1 ()B7 (nr", 

22.6?ô of the total ln 1986 and 1. 9~o in 1987. 
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maniculatus) fonned the rerrainder of the total percentage in bath 

years. Territory size exhibited a significant negative correlation 

with estimated prey abmdance at that locality (Speannan's r.= -0.770, 

n = 17, p < 0.005, Fig. 1). 

Although sanple sizes are too small ta permit intra-annual 

cooparisons of prey density in relation to brood size, the general 

trend of increased marrrnal abmdance in 1987 liJœly applies at aIl 

breeding territories. In bath years of this study, several tra};ping 

sites were situated between 2 neighOOring nests with different brood 

sizes. Qualitatively, vegetative stn.JCture in these breeding 

territories and at the trap site a~ed similar, so mamnal abmdance 

at the trap site probably reflects a reasonable estiJnate of prey 

availability at aIl nearby sites. 

Climatic factors were sunHar during breeding periods in bath 

years. In the region of the study area, total precipitation during 

the nestling stage in 1986 (1 May ta 30 June) was 198.2 ltIl\ and average 

telrp!rature was 14.9°C. In 1987 the nestling stage spanned fran 1 May 

to 6 July, and in that period total precipitation was 192.0 ltIl\ and 

average tenperature was 15.8°C (Envirorwnent canada 1986, 1987). 

Weather has been shawn ta explain only a minor proportion of variation 

in srrall rodent activity (Vickery ard Bider 1981), therefore 

differences in traFPing success between years liJœly reflect actual 

interseasonal variations in prey abundance and net changes in 

behavioral patterns produced by enviromental conditions. 

A total of 77.67 h of observations on parental behavior were 

made in 1986, and 60.60 h in 1987. Time activity budgets revealed 
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that parents of aIl brood sizes devoted less time ta hunting in 1907 

than in 1986 (Fig. 2). Differences were significant for both pilt°f'nts 

with broods of 2, and for fert\lles with broods of 7 (Mann-Wllltney li 

test; p < 0.05). For males reanng broods of 7, the rliffen'm:l~ 

awroached significance (p 0.051>. The l:lercf>nt of tot.al Un.' 

parents spent huntlng from fllght was not signHicantly 111 ffen'nl 

between years for any hrood size. Therefore, dec reasC's ln t l'Lt 1 

hunting time were prirnarily a result of less tlme spent peloch-hunt 1ng. 

within each year, the total time spent hunting did not rh ff(·,o 

significantly aroong brood sizes for elther sex (Kruskql-Wallis tf~!'it, p 

> 0.05). Although males of aIl brood Slzes spent n.we IlllY' huntinl] 

than ferrales, the dlfferences were only slgniflcant fOlo bn.lods uf ') 

and 5 ln 1986 and broods of 7 ln 1987 (Mann-WJlltney U leht, p <' O.Ofi 

in aU 3 cases). Kestrels compensatf'd fOlo decreased hunt 1 nI] LUlli' ln 

1987 by allotting /OClre tUTe to restHlg or IOr')] ntpn .. nc(~ acL1V li j(,!-, (Fl~I' 

3), Parents of aIl brood ~:;Izes sf.ent IrJJtO/, tUTlC' InvC.I}w'f'l lfl thf'c,(· 

behaviora 1 pattern!:i 1 n 1987 than ) n 1906. 

were generally not slgniflcant, although f(~lec, ,oau;lng 2 imll 7 younCj 

spent slgmficantly roo,op tur." at rest in 1987 lhan ln lC)8(J (M.Hm

Whitney U test, p (O.OU, FAInales 1l<;1J,:d ly sr.x-~nt. Il''11°/, 1 lfl~' p'rdu'" 

than rto'ilps, but dJfferf-'ncf>H \ven' (mly sjrJfIl f J(',H1t fOlo lll"ood ... IJf ~ III 

1986 and broods of 7 HI 19B7 (~t--tnn-Wh,trl('Y (1 tf'sl, 1-1 / O.Ofi), 

For a II b.-ooù .., 1 7PS, fC'1l\'l)c'C; !-'F'-'nt S WH I.uo ,Ufnunt... (jf t I/IJ' 

brooc:hng and feec1wg youn'::J as InfpIT"d frocJ([\ t lin" "'l .. ·nt. Irl t h(' nt·..,t IJn 

(Fig. 4). 

of thei r tinll:! to broochng young unt il thl' young w~n db 1 (' t 0 I!~j 1 nI d Ifl 
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effectiVf-! thernoregulat~on (Dunn 1979). Later, when young grew tao 

large· ta brood, tirœ spent in the nestbox probably reflects bouts of 

feeding. Males sfent v~rtually no time in direct care of the young 

n-'gdfi]less of brood Slze. 

Inh!rsp-'>(~lhc behav~or against other birds, either aggressive or 

d(!fensivf>, .)r('ounted for less than 0.5% of the total activlty budget 

and h,is been ornitted from the following dlSCUSSl.on. 

A C()fflÂ:"lrlson of aIl breeding pairs, independer.t of brood size, 

rf'vcslled that the capture rate for vertebrate prey was over büce as 

hlgh ln 19f17 than ln 1986 (Table 2). Parents of all brood sizes had 

hunting success ln 1987 as cornpared wlth 1986, wlth 

di fff'n'nces ~)(~lng s}gnif~cant for rarents ral!üng broodf:> of 2 and 7. 

With in f!ach year however, there was no slgniflCant difference ln 

hunt i fi':.! Su('CP~~ ilIfong brood sizes (Knlskal-Wall is test, p > 0.05, for 

lXlth yedl's). 

Thf"' proLXlt'tl.Ofl of invertebrates ta vertebrates ln total prey 

t'dpt un's wliS nut knoWTl, but sweep netting surveys suggested that 

gra<.,<;hlJ['LlPt" and crIcket abundance durlng the nesthng period was low. 

Ppak HlVt'rh:'btat P Clbllndancf' dId not appeat" tn occm" untll aft,er the 

yOllUlj h.u] fIPfJg.>d. Seasonal dH~tary changes frum vertebrate to 

rlt"t.hrllpx) P}('y (P .. ilg(xlypn 1 ()76, phelan and Robertson 1978) hkely took 

Thf'rpfore, lnsects probably (Hd not l"onstltute a 

l1\ljlll' p.lI't [Jf t hf" dll't of l--'<lrt-'nls during thf' Ilt!st,lln9 perlex'l. 

'!'ll'nrls ln ttl(' rdtp nf \'et'tebrate prey dpllVeL"leS to young 

PIl'.11 lt'II~] 1 hoc,!' ubsr'lvm for prf!y capture rdt .. s (Table 2). Srnall 

n\lIlmi 1" fL 1I1lnl 73. 7';, of thp tola 1 vertebrate prey de II venes ln 1986 



-
and 78.7% in 1987. These values likely undel'est lrrote the tn.lp 

profCrtion, as it was not always possible to mlkf> il L::UHit1w" 

identificdtion of the prey Item delivered. Unidentified prey nndl" up 

15.89& of a11 dehveries in 1986 and 19.1% in 1997; somp of thPRP WP1-f' 

probably small rooents. Birds and snakes accounted for th!:' t-e(\\'llndt-'l' 

of the prey itern .. c; in both years. For aIl 3 bnxxi SUt'R, pm'nl s 

provided young with IOClre prey per hour ln 1987 thLln ln 1<)(16, illthDu\j" 

a slgnificant increase was noted only for broods of 7 ln 1907 (Tablf' 

2). Within each year, the rate of food delivery was not. l'fddtf'l} 1 () 

brood si ze (Kmska I-Wa III s test, p > 0.05, fOl' hoth y*,:<1 n,) . 

DISCUSSION 

Tf'lTitory size of bn·eding American I\f:!st.l-ph; v;u'i,-'d Invpr!->ply 

with small rodent density. DIfferences HI aVl'ragf> h'rnt(w~' .,1/(' 

between years ln resfûnse ta changes 1 n prfJy df>n., 1 t Y W()11 hl dl P '" r 1 () 

suppJrt the hYfûthesls that kestrels are rlln>(·t.[y fT .. )rlltunn~1 lln'Y 

abundancp anù adjustIng b.-ee(hng tr:'rriLory SI/l' dc(·onJingly. Thil-> Il-> 

sUppJrted by a pn-:!vious stucly (Rowman and Blrd 11)(\6) cm t Iîl' ';dlflf' 

~;ptJlat ion ~hlCh rep-H·t.pc] a !--,JmlJilr invpr!-.(· n·Lit IOn ... hq-' l)('lwf'f'fI 'I/"PY 

abund.-mcf> .Cind tf'lT ltOI-y '-» ze. 

ear lIt") st udy \~as s unl la} 10 my f~St. HT\i\('l-> fil" PW(l, .H/cl 1 (.1'1 Il ("'y 

SlZf~C, dllnng the'3f:! :2 r.-anode, wel"f> nr·ady Ir]PIII/C',iI (24 ~ 4 hd, Il()Wlr~1I1 

and Bnd (] Qr.6) ; 23.2 1 ~. (j ha, Illl!-. si IJd} fo,' ]CJt!/î). Ail pm. Ii 1 VI' 1 Y , 

althnllgh nnt eXiimlnPd, tC-!l"ntortr·s rrll'Jht h.WI· tX'('n (· .... t dbl ).,llI'd '~J ... (·d 

on vf'get.AtlvP !=\tructln'isl ff'aturPh (·OtT(·l"lf'l'J wlth f'XlW'I'·tf-<! I!I'('Y 
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abundance (Smith and Shugart 1987). The extent of the foraging area 

did not vary in response ta changes in energetic demands associated 

with roodihcations of brood Slze. Kestrels may not alter territorial 

l-Joundari.eR once establlshed, farticularly lf the original territory 

JT\ixÎrnizes rates of prey capture whlle nUnlInlzing costs associated with 

tr!rT 1 tor-Îa 1 defpn<;e. AIso, prey den!uty ln the terntory may have 

hl '(On sufflC1entJ y hlgh that [:Brents wlth enlarged broods were able ta 

l ncrease capture rates wlthout haVlng ta expend rrore energy by hunting 

'l'he slgnificantly lower feechng rates of young bl': farents in 1986 

.ln' rlf"ob."lbJy attnbutable to reduced prey ahundance ln that year 

relatIve ICl 19r.7. Pre-fledging rrnrtality from starvation was hIgh for 

brood.... of Cj émd 7 ln 1986 (Chapter 1), indicating that p3rents were 

unabl(' h) adE'cjUab:'ly nourish n0lTh31 or enlarged sized broods. This 

mnr'tallLy Fll"ohaLly further lowf"red feedlOg rates at these nests by 

1 ( · ........ l'n i ng t hf' total ene rgetlc dern.:md. 

sinc'f' npsthng (a.'1rtallty was low ln 1987 (Chapter 1), dividing 

dW'rage fpf~ing frf'L]Upndes by brood Slze glves an approximation of 

fr'f'l1tn'js p~'r nest llng (FIg. 5). For broods of 7, several values from 

rlf'sl <; whf'rf' nor'ta Il ty han decreas~ braad Slze bPlaw 7 were excluded. 

'l'hl' l'dh .. uf ff't'lhng I: .. ~r 1I(·.,tlJng d(~hned wlth inclcasing brood size 

III d (~orK·.we m'HHl(~1' ..,irm]ar ta that predicted by a rocx:1el of optunal 

fC'I'Illn'j fll'ljllf'nc'Y (NIH' 19f14h). Young ln smallpr than average SlZed 

tH'clI)ds WC'I'L' fl'li ;'1t hiCJhel' ratps than young in average or above average 

si .1('d bl'( )oc]., W~)( .)'(. 1 at ps W(~I e npal'! y equa]. DeSpl te thlS, fledging 

wt'ights fnr young in broods of ::? and 5 were sirnilar whIle young in 
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broods of 7 fledged significantly Ilghter (Chapter 1). Nul' 

(1984b) suggested that mean prey S17C decr(>c3ses as brood si ze 

increases due to the inclusion of a greatel' number of srna 11er prey 

items'. If this was true ln my study, then .-ilthough fee-·ding rates 1.--"1" 

individual rerroined constant, the mass of food dpI iven'<l pt'!" tl"ip 

might h.we been ]ower for brcxxls of 7 young. Tn('l"(·;ts(>() fty>ding 

frequency of young in small bnxx]s did not tt'anslate wto incn·'aRt"'l:l 

weight at fledging as Nur (l984b) found for RIm· Tltn (P.H1IS 

caeruleus) • Kestrel s 1n stMll el' than average brollds ma}' l1f> ('x[lI'ncl InIJ 

IOCIre energy to tMintain hOTllPOthermy than young 1 n. large!' lwnnc!!-. 

(Royama 1966, O'Connor 1975). 

In relatl.ve tems, 1987 was a much hlgher cipn'-'il ty pr'py YPiH' t h.1Il 

1986. Thus, parents w1th broods of 2 and 1) spent: lt-!-os t 11nf' hllntlnu in 

1987 than 1n 1986. 

expectro since gre..at.er prey abllndilnc'p and pnhdnc'fod hunl 1 nu )-'IIC'C'('<-')-' 1 n 

1987 TOei'lnt that kestrels could cdptun" sufflClI'nL fi X lC] 1" 1111"'1·1 

nestl ing and adult requiremPnts ln a shnrh-'" <-'p.Jf1 of 1 ln .. • 1 h.m IfI 

1986. Parents rean.ng 7 young a] so spent. 1 es'-i t IlTlf""> hunt. 1 n~1 1 n 1 IJ1l7 . 

Several ~irs of kestrels wprp (·dpiibh· of ral!-oln~l .·d 1 YI:\Jn(J HI 01 bnllJll 

of 7 to flf'CJrJP ln 1987, .,1thoU<jh th(''-il~ young fl(·dqf·d ' .... fjn!f!(·dully 

llght.p~ t.h;m young ln bl"ond!-. uf S (Chdptf"- 1). Thl~ rr •• y h .. w· 1"('<..;1.111"11 

~n highel' fo~t-fledglng lTW"H'tal1ty, .:1<" ('vld"nc'f' f'''(lHi "thro,' <.,llIdrr·<" 

indiC'atc·s that. lr)~t -f 1 ('-dg 1 n~1 '-.III"'V 1 Vd 1 1 c:., c·, JlT(' 1.11' '{ 1 w If Il f I,·r/(JI JI'./ 

\"plght (se(' t-tu·tln 1987>. V.~rlal.lOns ln [JI"'f'y d~llmd.mCI· <-'II'J(J('<-,I t holl 

kesf.n··Js wl'-'rl'-' not i'llway~ foot.! ]uaJl.(>(), • .nd thdt. 1.11/' Intlballty lu n'III 

young 1n enlarged broods to notm.'il flF'(]ginrj welfjhl<., lU 19H7 rruy hllVf' 
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been due to adaptive limits upon parental feeding behavior as stated 

by Hussell (1972) and Nur <1984b). 

Hover-hunting never accounted for l'lOre than 20% of the total time 

spent hunting, a ratio corresponding with values reJ:X'rted in other 

studies (Balgooyen 1976, Rudolph 1982, Toland 1987). The proJ:X'rtion 

of time spent hover-hunting was larger in 1987 due ta the relatively 

greater use of perch-hunting in 1986 than in 1987. This is in accord 

with a theoretical model which predicts switching to energetically 

less expensive hunting methods when prey abundance declines (Norberg 

1977). Since the percentage of the total daily activity budget spent 

hover-hunting does not vary between years or brood sizes, this 

activity may represent an energetic ceiling on parental perfomance 

(Drent and Daan 1980). Hover-hunting bas been found to yield higher 

rates of prey capture and gross enel'9Y intake than perch-hunting. 

Counteractil'l9 this, energetic conSlllption during hovering and forward 

fl ight i9 estimated te be about 7 times greater than while at rest 

(Rudolph 1982). Toland (1987) noted that kestrels in Missouri favored 

foraging in roowed or grazed pasture9 where they hunted primarily fram 

perches. When birds hunted in undisturbed, taU grass meadows a 

significant increase in hover-hunting was noted, with this strategy 

comprising 27% of total hunting ttme. High vegetation in fallow fields 

made prey detection fran perches ItDre difficu1t. In this habitat, 

kestrels were prestnably cœp!lled te spend rmre time hover-hunting te 

maximize prey detection and capture rates despite the higher energetic 

costs associated with this hunting method. In my study, ItDst 

territories were in undisturbed fields where vegetative height 
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increased throughout the breeding season. Kestrels may have maximized 

the time spent hover-hunting in order to capture sufficient prey to 

meet nutritional demands. The lack of difference in hover-hunting 

time among b~ sizes or years suggests that kestrels were at an 

energetic ceiling for this activity. Increasing ti.me engaged in hover-

hunting behavior may have incurred physiological costs to the parent, 

outweighing benefits expressed as increased prey capture rates and 

hence, increased offspring feeding rates (NOr 1984b). This would seern 

to contradict Rudolph's (1982) assertion that kestrels maximize energy 

acquisition above parental requirements instead of max~izing 

energetic efficiency. 

For Arnerican Kestrels, 5 young, the normally occurring brood size 

a~rs to he the largest that parents can raise successfully without 

sacrificing offspring quality. More young may fledge from enlarged 

broods, but their poorer condition at fledging may 1ncrease post-

fledging roortality. Food availability i8 a contributing factor 

regulating brood size, especially when prey abundance is low, e.g. 

1986. Adaptive constraints on parental behavior appear to he rrore 

Ùlp)rtant. If parents raising 7 young in 1987 had increased hover-

hunting behavior without varying the total time spent hunting, rates 

of prey capture may have i.rrproved, resulting in higher rates of prey 

delivery to the young and consequently, higher fledging weights. The 

lack of variation in hovering behavior suggests that kestrels were at 

an energetic maxinun for this acti vit Y • Spending rore tUne hover-

hunting might have lowered the cost-benefit ratio for the parent. 

Habitat physiography is apparently a contributing factor. If 
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territories were situated in short grass fields, rates of prey 

detection for the less effective but energetically cheaper perch

hWlting strategy may have been sufficiently high to provide the 

additional food required to adequately feed an enlarged brood. 
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TABLE 1: Size of bree<hng territones (ln hect..aloes) of American 

Kestrels in relation to brood Sl.zes establ ished by eXl::erimenta 1 

manifUlation. 

1986 19G7 

BROOD SIZE N - SO N - ~ sn x + x 

2 7 21.3 + 4.0 5 11.3 + :? • 1 

..... 5 4 27.6 + 7.6 6 12.4 ~ 2.9 .. 

7 5 22.5 1 5.0 4 16.3 ~ 5.9 

pooled 16 23.2 + 5.6 15 13.1 1 4.0 

• p < 0.05; .... p < 0.01, Mann-Whltney lJ Lest, for diffpf"('nrps tJ(·tw(·('n 

years. 

-
58 



( 

TABLE 2: capture rates for vertebrate prey and delivery rates to the 

nest by American Kestrels raising various sized broods Cx.:!:. SO). 

YEAR 

BROOD SIZE 1986 1987 

PREY CAPTURE 2 0.51 .!: 0.41 1.37!. 0.95 • 
(prey items/hr) 

5 0.44.!: 0.73 0.88!. 1.20 

7 0.26 .! 0.39 o .99 !. 0.80 •• 

Pooled 0.41 .! 0.49 1.03!. 0.96 •• 

ft 
PREY DELIVmY 2 0.33 .!. 0.56 0.58 !. 0.47 

(prey items/hr) 
5 0.25 .:!:. 0.38 0.45 !. 0.69 

7 0.18 .!. 0.29 o • 91 .!. o. 77 •• 

Pooled 0.26 .! 0.43 O. 70 .!. o. 70 •• 

* p < 0.05; •• p < 0.01, Mann-Mtitney U test, for differences between 

years. 
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FIG. 1: Territory size of American ~estrels in relation ta 

relative prey abundance (mammals/100 trap nights). 

= 1986 territories; triangles = 1987 territories. 
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FIG. 2: Percent hunting time of American Kestrel s raising 

various sized broods. Total time spent hunting is di vided 

into perch-hunting and hover-hunting conp:ments. NurnbPrs on 

) 

the abscissa denote year <1986, 1987) and brood si ze ) 

(2,5,7). values that are significantly different between 

years for each brood size are denoted on the graphs. 
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FIG. 3: Percent of total time devoted to resting or 

maintenance behavior for American Kestrels raising various 

sized broods. NLlnbers on the abscissa denote year ( 1986, 

1981) and b~ size (2,5,7). 
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FIG. 4: Percent of total ti.me spent by Arnerican Kestrel 

parents brooding and feeding young in relation to brood 

size. Ntmœrs on the abscissa denote year <1986, 1987) and 

brood size (2,5,7). 
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FIG. 5: Average feeding rate of American Kestrel chicks in 

1987 in relation to brood size. 
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GENœAL CCfiCLVSIONS 

For the wild EXlpulation of Arrerican Kestrels studied, enlarging 

brood size ta 7 young did not produce a significant increase in the 

average nunber of birda fledgin9 when carpred with broods of 5, the 

largest naturally occurring brood size. In the 2 cases where parents 

were capable of rearing aIl "young to f ledging, chicks weighed 

significantly less at fledging than birds in srnaller sized broods. 

The fate of these birds after fledging was not known, but evidence 

fran brood manipllation studies on other avian species suggests that 

smvival after fledging is correlated with fledging weight. Fledging 

success in broods of 5 differed significantly between years. In 1986, 

pre-fledgill9 mortality was high, while in 1987 no pre-fledging 

mortality OCCllrred at any nest. These interannual differences 

paralleled shifts in prey (amali manmal) abundance. 

Exciuding broods which were subject ta pre-fledging rnortality, 

young in wild broods of 5 grew at similar rates, and had similar 

weights and bone lengths at fledging as young in wild broods of 2 and 

captive reared broods of 5. This suggests that young in these wild 

brooc1s of 5 were well-nourished and that the probability of survival 

post-fledging was high. 

These resul ts suggest that the observed average brood ~nze of the 

EXlPUlation corresponds with the largest brood size for which kestrels 

can, on average, provide food. 

In captivity, where food was available ad libitttn, young in 

broods of 7 grew as well as young in smaller sized broods of 5. 

Carparable results might he expected for the wild pop.11ation were 
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brood size enla~nt done in conjunction with the provision of 

SU(:plernental food. 

'nte ability of parents to feed young rnay he regulated by adaptive 

constraints on foraging expenditure. Parents decreased total hunting 

time as prey density increased. Hc.1wever, the proportion of time 

devoted ta energetically expensive but more efficient hover-hunting 

remabed constant despite changes in prey density or brood size. This 

beha,riour may represent an adaptive ceiling on parental ability, such 

that even when prey density is high Ce.g. 1987), the amount of time 

parents can spend hunting is constrained. This '-ULlld limit the rate 

at which parents cao provide food te the young. Thus, brood size 

ar;pears ta he regulated by both food abmdance and behavioural 

constraints on parental foraging activity. 

Fostering of captive bred yot.U'l9 into wild nests has been 

suggested as a PJtential management technique to increase PJPIlation 

sizes for endangered species of raptors. Resul ts fram my study 

indicate that caution should he taken before this aEProach is adopted. 

Parents may he incapable of maintaining aIl YO\ll\9 in enlarged broods 

in good quality, even during years of high prey densities. If 

breeding birds will use artificial feeding stations, then fostering of 

captive young rnay he a valuable management technique if it is carried 

out sinultaneously with a program of SUJ:Plemental feeding. 
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APPOOIX: Chronology of nestling II'Ortality in aIl Arnerican Kestrel 

W broods used in this study. 

a) wild Broods- 1986 

Nest Original Manipulated Nmnber of Young Alive Until Day: 
Brood Size Size 6 12 18 Fledging 

0\1-12 3 2 2 0 0 a 
W-31 5 2 2 2 2 2 
P-16 5 2 2 2 2 2 
0\1-9 5 2 2 2 2 2 
W-14 5 2 2 2 2 2 
0\1-19 4 2 2 2 2 2 
0\1-4 5 2 2 2 0 a 

W-28 5 5 5 5 4 3 
w-25 5 5 5 4 3 1 
w-26 5 5 5 5 2 2 
P-13 5 5 5 5 4 3 
w-9 4 5 4 0 0 a 

[1\7-1 4 1 7 7 4 2 
'.4-29 5 1 7 6 6 a 
P-1 4 1 0 0 0 a 

.". 
w-15 5 7 7 3 0 a - 0\1-23 5 1 6 6 5 5 
0\1-24 5 1 7 0 0 0 

b )Wild Broods- 1 ~87 

Nest Original Manipulated Nlnber of Young AUve Until Day: 
Brood Size Size 6 12 18 Fledging 

0\1-12 3 2 1 1 1 l 
0\1-18 3 2 2 2 2 2 
W-14 3 2 2 2 2 2 
0\1-2 4 2 2 2 2 2 
P-17 5 2 2 2 2 2 

0\1-1 5 5 5 5 5 5 
0\1-22 5 5 5 5 5 5 
D\7-16 4 5 5 5 5 5 
W-25 5 5 5 5 5 5 
P-16 5 5 5 5 5 5 
0\1-24 5 5 5 5 5 5 
W-15 4 5 5 5 5 5 
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b)Wild Broods- 1987 (cont. ) 

(- Nest Original Manipulated Nlriler of YoU1\9 Al ive Until Day: 
Brood Size Size 6 12 18 Fledging 

TN-l9 5 7 7 7 7 7 
"1-26 5 7 7 7 7 7 
P-4 4 7 7 6 5 5 
TN-23 6 7 7 7 5 3 

c )Capti ve Broods 

Pen Original Manip.llated NlI'rtler of Young Alive Until Day: 
Brood Size Size 6 12 18 Fledging 

C6 5 2 2 2 2 2 
C8 4 2 2 2 2 2 
c13 5 2 2 2 2 2 
CI2 4 2 2 2 2 2 
Cl5 3 2 2 2 2 2 
D26 3 2 2 2 2 2 
CIl 4 2 2 2 2 2 
c9 2 2 2 2 2 2 
C14 3 2 2 2 2 2 
Cl8 3 2 2 2 2 2 

{r Cl2 2 2 2 2 2 2 

CIO 5 5 5 5 5 5 
D2 4 5 5 4 4 4 
DB 5 5 5 5 5 5 
E4 4 5 5 5 5 5 
012 5 5 3 3 3 3 
E19 4 5 5 5 5 S 
cS 5 5 S 5 5 S 
C30 4 5 5 5 5 5 

Cl 5 7 6 6 6 6 
C3 5 7 7 6 6 5 
c7 '. 7 7 7 7 7 .. 
Cl7 5 7 7 7 7 7 
C28 4 7 7 7 7 7 
04 5 7 7 S 4 4 
E6 4 7 6 5 5 4 
C29 5 7 7 7 7 7 
Cl6 5 7 7 7 7 7 
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