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- 'mESIS ABS'mACT 

Sex-specifie growth analyses were conducted for 32 nestling ospreys 

(Panclion haJiaetus) in a migratory plpllatioll in Nova Scotia, canada and 

for 31 nes1:ling ospreys in a sedentary population in Sonora, ~xico. 

Eight variables including weight, body catp)nents and pltmige 

characteristics were measurm to dœtnent the influence of BeX on grcM:.h 

perfonnance. Within p:>p.llations, nales differed significantly fran 

females in having lower weight and body carp:>nent asyrrptotes but did not 

differ in pluma9t~ characteristics or growth rates. There was no 

difference in growth performance between individuals in broods of 

various sizes or within broods as a result of hatching order asynchrony. 

Oompari90nB of geographic variation showed that sedentary ospreys in 

Mexico had significantly higher weight aM tarsus asynptotes, reduced 

growth rates, longer nestling periods and later emergence of fl1ght 

feathers than migratory ospreys. Individual nestling8 were witially 

identified by BeX fl'an karyotypic analysis of fibroblast tissue 

collected fran a sanple of 31 nestlings in the field. The karyotype is 

presented and growth performance is discussed within the framework of 

evolutionary theory. 
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RESUME 

Une analyse de croissance en function du sexe a ~té conduite sur 32 

nichées d'aigles pêcheurs (Pandion haliaetus) dans une population 

migratoire de Nouvelle Ecosse au canada r et sur 31 nichées d'aigles 

pêcheurs dans une p:lpulation r~sidente de Sonora, Mexique. Huit . 
variables, ~ncluant le p:>ids, les cat'p)santes corporelles et les 

caractérist~ques du plumage ont ~té mesur~s plur doctnenter l'influence 

du sexe sur le taux de croissance. Al' intérieur de chaque population, 

les mâles se sont distingués des femelles en démontrant un poids 

inférieur et des carp>santes physiques asynptotiques mais n'ont pas 

IOOntr~ de différences dans la qualité du pl\.Dage et dans le taux de 

croissance. Le taux de croissance n'a pas diff~r~ pour les individus 

d'une même portée, et ni d'une portée à. l'autre en raison de l' ~losion 

asynchroni~. En tenant cœpte des variations géographiques, l' ~tooe a 

dérrontr~ quP. les aigles pêcheurs résidents avaient un poids de beaucoup 

supérieur, des tarses asynptotiques, un taux de croissance réduit, une 

péreode pas~ au n~d prolo~ et une émergence tardive des ph.nes de 

vole catpirativement aux aigles pêcheurs migratoires. Les niches 

individuelles ont ~té initialement identifi~ en fonction du sexe par 

une analyse karyotypic de tissue fihroblast d'lm khantillon de 30 

nichées. le karyotype ainsi que le taux de croissance sont discutt!s par 

raRJQrt à. la structure dl! la tt8>rie de l rc§volution. 
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For growth is an increase... of the magnitude which is there already--­

is May the grr:Mir~ thing lIIISt possess seme magnitude. 
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Growth 

During the pilst 2,000 years Aristotle's three axians of growth a) 

that evez:y part of the grotiing magnitude is greater (for eKa11ple, if 

flesh g/XIWS, evez:y part of it gratiS); b) that it grotiS by the accession 

of sanething; c) that it gratIS because that whieb grotiS is preserved and 

persists, ( in Zeger and Barlow 1987) have caused philosophers and 

biologists alike to search fer the fundamental truth or "law" underlying 

the force of growth. The search continued throughout the nineteenth 

century when mathematical tools for analyzing size and shape were 

developed making the quantitative study of growth a reality, thus with 

nuch debate, the raIe of mathematics in biology continues to grow well . 

into the twentieth centwy. The context of mathematical growth roodels 

has changed however, fran sinply representing principles or "laws" of 

growth to being useful tools for addressing biological questions. It is 

not crucial that the function used he a "law" of growth; it need only he 

an adequate atmnary of the tiJne course of size (Zeger and Harlow 1987). 

The result is not one or two iaolated models but a OOX full of tools for 

stmnarizing growth data. 

Avian growth 

Avian growth ard developoent, long a subject of concem to 

omithology, was initially deacribed 8ÏJl'1)ly by linking developnental 

processes in chronological order. It teS soon recognized however, that 

growth p:lttems cou1d be p:>rtrayed quantitatively and presented in terms 

of weight-versus-age corves whieb show a characteristic siCJtDidal (or s-
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shaped) forme In fact, many of the early growth equations which 

continue to influence current toought were initially developed to roodel 

the biological processes that underlie growth (Gatp!!rtz 1825, von 

Bertalanffy 1938, see aIse reviews by Pruitt et al. 1979 and Ricklefs 

1983) • 

r-txiem treatment of omithological growth analysis began with 

Rick1efs (1967) who presented a sinplified method of making graphical 

fits te growth data in arder to select the nost aR?ropriate of 3 

camw:mIy used fixed-growth-form roodels. This methodology, which has 

made a significant contribltion te our understanding of interspecific 

variation in avian growth, evaluates fits to the von Bertalanffy, 

Gatr..ertz and Iogistic growth roodels. These represent longer and IOOre 

graduaI ag:»roaches te asytrptotic weight and ha'le inflectlon points of 

about 30, 37 and 50 \ of asymptote, respectively. The equations defining 

these growth roodels are as follows: 

IDgistic nr:del: Y = AI ( 1 +e-K ( x-t:. .a. ) ) 

Galp!rtz M:del: Y = AIe-

where Y equals the variable under study at age x, K represents a 

constant ploportional te the overall growth rate, t.a. represents the age 

at which the curve attaina the point of inflection, A equala the 

uynptotic value of the growth curve, and e equala the base of natural 

2 
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logarithrns. See Ricklefs (1967) for additional details of the models. 

Growth models are a way of summarizing data, mathematical 

expressions which hêhve the potential for bringing out relationships that 

are net obvious fran the data alone. The above growth IOOdels are baSl~ 

on 3 growth parameters with assœiated biological meaning: 1) Asynptotic 

weight (A), an index of the maximal size that is attained by a growing 

individual which may or may net be achieved at fledgil'l9, dependent on 

species. 2) A grcMth-rate constant (K), which is proportional te the 

overall growth throughout the growth periode Ricklefs (1967) however, 

cautioned that K values are cœparable only aroong species whose growth 

curves are fit by the same equation. He presented a fomula to 

calculate a ti.me interval for growth fran 10 te 90% of asynptote. This 

interval is useful for making carparisons between species whose growth 

curves are fitted by different equations sinee the fOIm of the 3 growth 

curves are reasonabl y similar duril'l9 this period. 3) The point of 

inflection ( t.a.) is the age at which the organism' s growth curve changes 

fran convex to concave and represents the period of maximal rate of 

growth. 

Recently, atterrpts have been made ta incorporate a flexible growth 

rul""e developed by Richards (1959) as an alternative in avian growth 

analysis when the shape of the curve is unknown (Brisbin et al. 1986) • 

The Richards EqUation may he considered a "parent" curve which, by 

varying the value of a shape parameter (m), can generate mat of the 

CXIIIII)nly used aiÇJlDid modela. Nlen m = 0~67 or 2.0, the Richards roodel 

is identical to the von Bertalanffy ard logistic modela, respectively, 

and aa m awroachea 1.0 the Richards mdel awroaches the Garp!rtz 
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-- model. Brisbin et al. (1987) considered the reparameterized verSlon of 

this curve (White and Brisbin 1980, Brisbin et al. 1986), descrlbed in 

Chapter l, to he" a new growth paradigm with a potentlal for detalled 

quantitative camparisons of g~ in general and lntraspecific 

carparisons of growth in particular. Gochfeld (1987) suw:>rted this 

view and noted that the shape of the curve has rarely been addressed ln 

avian growth performance and in fact, deviations have generally been 

treated as noise rather than useful information. For an alternative 

view, see Zach (1988) who p.trported that growth-curve analysls i9 

inaFPropriate for many studies and suggested that al ternatl ves such as 

s~le observed growth statistics may he IOOre effective growth 

inclicators. 

Avian growth and developnent have been investigated for a wlde 

variety of species (extensively reviewed by Lack 1968, Ricklefs 1968, 

1973, 1983, case 1978, O'Con."lOr 1978, Crent and Daan 1980), but for few 

species of birds of prey. Very little data are available on the growth 

of young oapreys (Pandion halieatus). Those that are p.tblished are 

limited principally to gain in weight (Stin80n 1977, Poole 1982) and 

there are no previously published reports of sexual g~h variation in 

osprey. Thua, the data presented here are to facilitate studies on 

interspecific variation in the growth of raptorial species ln general 

and intraspecific variation in the growth of ospreys in particular. 

The p1rpoae of Ws study waa threefold: 1) to develop a method of 

sexually identifying osprey nestlings; 2) to examine the growth 

perfonnaœe of sexually diroorPtic osprey within an evolutionary context; 

and 3) to c::atpare geographical variation in growth dynamics of a 
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migratory p:lp.11atl0n of ospreys in tenperate Nova Scotia, Canada with 

those of a sedentary desert popllation in Sanora, Mexico. 

Osprey natural history 

The osprey is unique, the sole mernber of the family Pandionidae. 

This m:motypic designatlon is merited by the species 1 IlDrphological 

adaptations which show an evolution through a long course of 

speclalization (Brown and Amadon 1968). One of the mJst widely 

distributed birds in the world, the osprey's range is nearly 

cosroopoll.tan. It is rarer in the southern hemisphere and does not breed 

there regularly except in Australia and adjacent islands (VanTyne and 

Berger 1976). Brown and Amadon (1968) described 5 geographical races 

( subspecies) which vary slightly in pltnage and measurement. Prévost 

(1983) recognized only 4 subspecies corresponding to the Palearctic, 

North American, Bahamas and Australasia which he further di vided into 2 

groups: a Holarctic group consisting of palearctic, North American and 

Bahamian ospreys, and the Australian ospreys. 

In North America, the annual spring migration of ospreys fran their 

wintering grounds in Mexico and South America begins in February with 

the bilùa arri vil'l9 in the northern part of the continent during March 

and April (Bent 1937). In Nova Scotia, nest construction and repair 

begin in mid-April when the birds arrive, and cop.ù.ations occur 

generally at the nest site. Egg laying begins at the end of April or 

early May and sanetimea continues into June with a IlDdal clutch size of 

3. The femde perfomm the majority of incubation duties, only 

occasionally relieved by the male. The incubation period ranges fran 36 

to 40 days. Hatching begins in mid-June and continues into July. 'l11e 
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young begin flying in early August after a nestling period of 51 to 61 

days. Sorne nests ~re already abandoned by mid-August and rrost birds 

have left the study area by early September to begin migrat1ùn. In 

contrast, ospreys in Mexico (described in detail in Chapter II) are non-

migratory and characterized by a highly asynchronous breeding penod 

(pers. obs.). 

Generally, ospreys are large, long-lived, fish-eating birds that 

feed primarily inshore and are the only hawks which dive completely into 

the water while hunting. They became sexually mature at 3-4 years of 

age and occur over l'OOst of the breeding range as single pairs returning 

with great fidelity t.o the same nest site year alter year. In favored 

areas they nest in loose colonies near large bodies of water and along 

seacoasts and rivers. Finally, adult ospreys display very definite 

reversed sexual dimorphism with females in this study be1ng 

apploximately 300g heavier than males. 
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mESIS STA'moŒNl' 

This thesis, as pemri.tted br the Facul ty of Graduate studies and 

Research, includes the texts of three manuscripts ta he subsequently 

subnitted for publication. Chapter 1 describes sexual variations in 

growth patterns of nestling osprey within the framework of sex-ratio 

theory. Chapter II investigates geographical variation in grc:Mth rates 

and asymptotic size fram sedentary and migratory populations which 

produce large differences in selective pressures on asprey reproductive 

adaptations. Chapter III presents a chromosome analysis of fibroblast 

cella obtained fran akin tiaBUe in the field which provided the hasis 

for assigning gerder ta irdividual nestlings. Included are techniques 

used to ident.ify sex chraoosanes, the rel iabi lit y and efficiency of the 

technique, and a diacusaion of karyological relationships within the 

Falconiformes. 

Data collection, data analysis and manuscript preparation were 

conducted independently by the senior author. Manuscripts fran Chapters 

1 and II will he subnitted for pmlication with my supervisor D. M. 8ird 

as co-autbor. Regardi.ng chrarDsane analysis in Chapter III, tissue 

sanples 1el'e collected in the field and ahipped to the ~ntreal 

Cbildren 1 s Hospital's cytogenetics lab where they were cul tured and 

frozen for later analysis. Slide preparations and chraoosaœ 

identification were subae:juently accat'Plished with the assistance of 

Deborah Kohler who will co-author the paper on karyotypeB. 
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RmUIATICtl CI'l 'I1ŒSIS PRCSENl'ATICI'l 

The following is presented in accordance with the regulations of 

the McGill University F~culty of Graduate Studies: 

"The candidate has the option, subject to the ag>roval of the 

Departrnent, of including as part of the thesis the text, or duplicated 

p.tblished text (see helow), of an original paper, or papers. In this 

case the thesis nust still conform to aU other requirements explained 

in Glidelines Concerning Thesis Preparation. Additional material 

(procedural and. design data as weU as description of equipnent nust he 

provided in sufficient detail (e.g. in ~ices) to allow a clear and 

precise judgement to made of the iJrportance and originality of the 

research reported. The thesis should he rore than a mere collection of 

lIWluscriptS plblished or ta he plblished. It nust incltde a seneral 

abstract, a full introduction and literature review and a final overaU 

gonclusion. Connecting texts which provide logical bridges hetween 

different manuscripts are usu~lly desirable in the interests of 

cohesion. 

It is acceptable for theses to include as chapters authentic copies 

of papers already p.iblished, provided these are duplicated clearly on 

regulation thesis stationery and bourd as an integral part of the 

thesis. Photograr;:hs or other materials which do mt duplicate weIl rrust 

he included in their original fonn. In such instances, connecting texts 

are mandata" aM 1I!JB)1ementary explanatory material ia alnDst always 

necessary. 

The inclusion of manuscripta co-authored by the cardidate and 

others is acceptable bIt the candidate ia required to make an explicit 
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statement on who contributed ta such work and ta what extent, and 

supervisors nust attest to the accuracy of the claims, e. g. before the 

Oral Camri.ttee. Since the task of the Examiners is made IOOre difficult 

in these cases, it i2 in the candidate' s interest ta make the 

responsibilities of authors perfectly cl..ear. candidates following thi s 

option lIIlSt infonn the Department before it subnits the thesis for 

review. 
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Sex-specific growth analyses were eonducted for 32 nestling ospreys 

(Pandion haliaetus), 20 males and 12 females, in 17 broods in Nova 

Scotia, canada during 1984-1986. The graphieal methods of Ricklefs 

(1967, Ecology 48: 978-983) showed the logistic rrodel ta he oost 

awropriate for MaSS increase with a growth rate constant K of 0.18 

days-1. The influence of sex on growth perfonnance was also doctDnented 

using a repararneterized Richards roodel (Brisbin et al. 1986, Growth 

50:1-11). Weight and tarsus length were the only variables ta show well 

defined asyuptotes at fledging although talon length, crani\.ltl width and 

culmen length were within 10% of adult values. Mal€s differed 

significantly fran females in having lower asynptotes of weight and 

tarsus length but did IlOt differ in rate of growth. There was no 

difference in growth rates between individuals in broods of various 

sizes or within broods as a result of hatehing order asynchrony. Males 

and females showed no differences in feather emergence times or in 

fledging periode The eight variables presented within the franevork of 

evolutionary theory suggest that, in ospreys, sex-specif ie g~h 

patterns do not select for rapid grcwth in males in arder ta carpete 

with larger fanales for nest resources. 
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Sex ratio theory is based on the assurption that natural selection 

should faveur parents who invèst equa.ll y in male and female offspring 

resulting in a population sex ratio of unit Y (50:50) (Fisher 1930). It 

further assurœs that if the sex ratio deviates fran unit Y , natural 

selection should restore it by favouring genotypes which produce roore of 

the rarer sex. However, if one sex costs less to raise, then an excess 

of that sex should he expected at the end of the parental care periode 

SUch deviations fran unit Y are suggested by sexual diroorphism aroong 

offspring in the expenditure they requi.re of their parents, which should 

sJœw the sex ratio in faveur of the cheaper sex, and by differential 

roortality (Fisher 1930, I.eigh 1970, Maynard-Smith r978). The mecbanisms 

involved in the maintenance of equal sex ratios have been mathematically 

described by many authors (MacArthur 1965, Verner 1965, I.eigh 1970, 

Fiala 1981). 

Since theory argues that the ratio of expenditures on each sex 

should equal the inverse ratio :>f male and fanale progeny produced at 

the end of the pilrental care period, it becanes i.Jrp>rtant to define the 

exact nature of experditures. Although Trivers (1972) defined pilrental 

investrnent (PI) as "any investment by the parent in an individual 

offspring that iœreases the offspring's chance of surviving (and hence 

reproductive success) at the coat of the piU'ents' ability to invest in 

other offspring", quantifying the "currencies" of PI continues to 

present problems of practical awlication. Knapt:on (1984) catplained 

that invesbnents by parents in terras of time, energy and risk factors 

can he of different tudts and therefore not additive. Onfortunately, 
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the exact nature of expenditure continues to he ill-defined and hence, 

difficult ta test in the field. 

Tb test Fisher's theory therefore, workers have turned ta 

investigating sexually dimorphic species where sex ratios other than 1:1 

can he predicted. However, to date very little evidence of sex ratio 

deviation has been discovered in either raptorial or passerine spPCies 

in studies with sufficient sanple size (reviewed by Newton 1979 and 

Clutton-Brock 1986). One especially weIl doetm'ented case of European 

sparrowhawks (Accipiter nisus), for exanple, was described by Newton and 

Marquiss (1979). Although this species is an extremely dirrDrphic raptor 

(fEmilles are twice as heavy as males), an analysis of 2,163 nestlings 

showed a sex ratio at unity. Clearly, it would he ill-advised to aSSlne 

unequal inveBtment by parents of other species based solely on the 

production of diJoorphic offspring. 

This lack of conaonance with predictions fran theory i.Jrplies that 

either: 1) selection has been ineffecti ve in al tering the sex ratio of 

birds; 2) cost differences are substantially less than size differences; 

or, as several authors have recently suggested, 3) sexually dimorphic 

growth patterns exist which equal ize energetic experditures on dimorphic 

offspring and maintain the sex ratio at unit Y during the nestling period 

(reviewed ~ Newton 1979 and Richter 1983). 

It is often suggested in species that sb:Jw marJœd diJoorphisrn at 

fledging that the _11er BeX ia at a relative disadvantage and nust 

grow faster to 00i~ with its larger neaboates for resources. To do 

thia, the larger BeX reportedly p.Ita on weight while the smaller BeX 

becanes featherecl 8OOner, achieves aaynp:otic size l'IDre quickly and 
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leaves the nest earlier, regardless of whieh sex is larger. Since 

adult ospreys (Pandion haliaetusJ are mrkedly di.roorphie in size, i.e. 

females are 15-18% heavier and 4-5% longer in wing length than males, 

sexually-dim:>rphie growth patterns eould he expected to eatp!nsate for 

size differenees among nestlinqs. 

This paper presents the resul ts of a 3 year investigation of sex­

specifie growth and asymptotic size of nestling ospreys. Of particular 

interest was the fitting of growth nodels to individual birds to 

doctnent the influence of sex on growth perfonnance. The objectives 

were: 1) to docunent the growth eharacteristics of weight, phnage and 

body size of male and fema.le nestling; 2) ta assess the effects of hatch 

arder and brood size on individual growth rates and 3) ta relate the 

patterns of sex-specifie growth observed in ospreys ta evolutionary 

theory. 

studyarea 

The growth of 32 nestling osprey fran 19 nests was Îneasured during 

the sœmers of 1984, 1985 and 1986 in Antigonish CountY. (45°31 'N, 

62°S7'W) in northeast.!m Nova Scotia. The watersheds of Antigonish and 

Pa1quet eatuaries whieh E!IIpt.y inta the Gulf of st. Lawrence are 

characterized by broadleafed and mixed foresta in the highlands while 

conifera daninate poorly drained areas and valley slopea. Ospreys 

nesting here use 2 types of habitat. '11Ie majority forage in the 

estuaries, nesting in loose colonies on utility poles along power lines, 

while the remainder are sol itary aJd found inland near lakes aJd ri vers 
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and utilize natural nest sites. Sane nests on the p:JWer lines have been 

recently relocated ta platforms erected adjacent ta transmisslon pales 

within the power line right-of-way (Bancroft and Toner 1986), thus 

providing access ta nestlings. AIl nests used in this study werp 

located on platfolTllS near Antigonish and Ponquet estuaries. Additional 

inforrn~tion on the study area and aspects of the poJ;Ulation are provided 

elsewher,- by Prévost et al. (1978) and Jamieson et al. (1982). 

Field methods 

Behavioural observations were conducted to document interactions 

between siblings and between parents and offspring. A raptor actigram 

using an alphanuneric notation system adapted frnm walter (1983) was 

euployed ta enhance the efficiency of recording and ana 1 yzing 

behavioural data. Observations were conducted on aU nests during all 

daylight heurs divided inta four 3.5 heur periods; 0630-1000, 1000-1330, 

1330-1700, and 1700·-2330, and advanced by nest on a daily basis. 

Observations were made fran blinds erected at vantage pnnts 50-100 m 

from nests using 20-60x telescopes and 10x binooulars. Priority was 

given te recording and identifying prey deliveries ta the nest and 

subsequent distrib.ztion of food ëUrl)ng the young. 1 counted the n1.mlber 

of pieces given ta each nestling and the arder (hi{!rarchy) in which they 

were fed. Observations on pil.t"ental and nestling behaviour were also 

recorded and will he p.1blished in a subsequent paper. 

Nesta were clinœd at 24 ta 72 1n1r intervals ta doct.Jnent egg 

laying, egg measurement, clutch size, hatch interval, hatch arder and 

nestling growth and survival. Prior to incubation, nests were entered 

ta measure and mark eggs and thereafter, visited rarely to avoid 
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unnecessary disturbances during the incubation periode Up:m hatching 

(day = 1), neonates were marked on the head with. a colored feit marker 

to assign each hatchling to the egg fran which it came. This methodology 

provided hatching sequence and known ages for al! nes' ~lings • 

Chicks were weighed to the nearest gram with pesola spring seales 

and measured with dial calipers to the nearest 0.1 mn for: tarsal 

length, the distance fran the heel to the joint between the distal end 

of the tarso-metatarsus and the third toe; talon length (or hallux 

cIaw) , the distance between the point where the 1JA?er surface of the 

claw emerges fran the skin ta the erd of the clawas measured across its 

arc; craniun, distance between the outer edges of the supra~rbital 

processes on each side of the head; culmen, from the cere to the tip of 

the bill as measured across the arc hoostly fran Olendorff 1972) and 

unflattened wingchord. To measure the eighth primary and the central 

rectrix as they emerged, l inserted a clear r lastic ruler between the 

feathers up to the skin and held the feather ..... lt against the ruie. The 

downy tuft at the end of the feather was IlOt included in the 

measurement. 

AlI measurements were performed by the same individual and 

consistently fran the left side of the b:ldy. They were conducted every 

tM> days unless prevented by inclement weather, sinee nest disturbance 

aJP!al'ed to be mi.ni.mal. Farly on, measurements were taJœn in the nest 

to stay within a self-:inp:>sed time limit of 15 minutes, but after 7 to 

10 days of growth the birda were lowered and measured on the groWld. 

To prP.Vent prEmature fledging, measurement of nestlings ended when the 

oldest in the brood reached 50 days of age. Measurements of the same 
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variable were repeated several times over to assess the variance 

associated with our technique. The final result was a set of growth data 

on 8 variables for each individual bird frao hatching ta fledging. 

Growth curve ana.lys ~s 

Daily variations in frod intake, activ1ty or defecation should not 

significantly alter the characteristics of the growth curve caJculated 

over the entire growth period for rnost species. In large raptoria 1 

birds like ospreys however, full or partially full crops lead to extre.me 

variation in mass, particularly in nestlings aRlroaching asyrrptote. l 

therefore evaluated crop content on a 1 (~y) to 4 (full) scale prior 

ta each weighing. Occasionally during the course of the study, birds 

were weighed with full (or partially full) crops bracketted by days wi th 

erpty crops, enabling me ta evaluate crop content as a percent of body 

weight over aIl portions of the growth period. Net body weights for 

growth curve analysis were subsequently arrived at by subtracting crop 

content, as a percent of body weight, fran gross weight on any gi ven 

day. 1 consistently found nestlings near asynp:ote, i.e. over 6 weeks of 

age, to have in excess of 200 9 of fish in full crops. 

Growth data fran individual birds were fitted ta log 

transfomations of the logistic and Gatpertz equations according ta 

Ricklefs (1967). When fitting curves to weight and tarsus length data, 

points up to am inclœing the observed asyrrptote were used <Ricklefs 

1968) • Asynptotes for the remaining variables were estimated fran least 

squares regression fita ta data. 

'111e variable t 10-_0 was also calculated fran the growth equation 
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for individual birds. This inverse rneasure of the growth rate 

represents the time it takes te grow fran 10 ta 90% of the asyrrptotic 

value. Since this section of the growth curve is approximately linear 

in aIl commonly used growth equations, it can he used ta compare species 

fitted to different curve shapes. 

In Bane instances, the log transformations of the log~stic and 

Gœpertz roodels shcMed little difference, suggesting that roore than one 

n'Odel may fit a given set of data. Mlen this occurred the logistic 

roodel was selected sinee parameters can he cœpared only when fitted ta 

the same equation. 

The logistic equation may be expressed as: 

where, y is the value of the growth variable being studied (g or mn) at 

time x, K represents a constant proportional to the overall growth rate 

(days-1) , t... represents the age at which the curve attains the point of 

inflection (days), A equals the asynptotic value of the growth curve (g 

or nm), and e equals the base of natural logaritllns. 

Growth data for individual birds were aIso fitted to a 

reparameb-=.ized version of the Richards equation (Richards 1959) using 

the Additive Discrete Derivative method of Nùte and Brisbin (1980) to 

roore throughly asseBS intraspecific carprisons. The equation was 

recently rewritten by Brisbin et al. (1986) ta eliminate n, a scaling 

factor, which is highly correlated with the other parameters and causes 

cœp.rt:er algoritbns to arrive at leaat squares estimates inefficiently. 
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The present study used the following reparameterized fo~ of the 

Richards growth equation: 

2(rn ... 1) 

------------- = ------------ (W 1~ w~m - W~) ... e~ 
T(l - m) 

where, W.:i, is the value of the growth variable being studied at t .... , W 

is the asynp:.otic value of the variable being studied, T is the overall 

growing time , indicative of growth rate, m is the Richards shape 

parameter, am e.:i, is the stochastic error at time t,j,. 

The NLIN procedure of SAS, version 82.4 (SAS 1982), a non-linear 

regression routine enployJ.ng the Secant Method (DUO) of calculation, was 

used ta fit the curve te the data set. Parameter estimates obtainecl 

fran the Ricklefs (1967) method were used as initial starting values for 

each growth variable and allowed ta proceed until convergence on a 

miniJrun value was achieved. Estimates thus obtained gave rapid 

convergence ta a mininun error mean square. 

Data for non-linear regression analysis were derived only fram 

nestlings that survived te fledge am, as above, regressions for weight 

and tarsua did not include values fran the reœsaion period of the 

corve. Since no recession was observed in the ether variables, aIl data 

were included in the regreaaion analyses, i.e. maxinal values were 

achieved on the lut day of meaaurement. 

Identification of Ils 

'1'he lIex of individual neatlinga waa initially determined on the 

hui. of 2 distinct weight classes which aweared by fledging. The 
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accuracy of these detenminations were confi~ by a discriminant 

function analysis based on the other constantly increasing variables and 

by karyotypic analysis of fibroblast tissue collected fran a subsartt>le 

of 17 nestlings in the field (see Ch. III>. To do this, data fram birds 

of unJmown sex were entered into the discrim.inant function analysis and 

classified by carprison with the remaining birds aIl of known sex. For 

both groups a significant discriminant function was obtained (P < 

O. 001 ) , based on the pooled covariance matrix, which enabled me to sex 

100% of the unJmowns on the basis of weight and tarsus asynptotes alone. 

other statistical tests are mentioned in the text where they are 

erployed and were perfonned on an ntI XT personal catplter using 

Statgraphics (Version 1.1, 1985, Statistical Graphies Corporation, Inc). 

and, unlesB otherwise noted, aIl means are quoted with standard errors 

(S.E.). 

IŒStlLTS 

Reproduction data 

Ospreys generally lay and hatch 3 eggs asynchronously within a 7 

day period with incubation times ranging fran 33-38 days ,Godfrey 1966). 

In this study egg laying occurred between 30 April and 20 May am was 

highly synchronous between years. Eggs hatched between 6-26 June 

producing incubation t.imes ranging frem 36-40 days (X = 37.5 .!. 0.2 

days) • 

Clutch size ranged fran 2-4 with eggs 1-2 and 2-3 having intervals 

of 1-3 days (X = 1.9 .!. 0.1 daya and i = 2.1 .! 0.1 days., respectively) 

while eggs 3-4 had consistent 2 day intervals. Hatching periods of 2 
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egg clutches varied fran 1-2 days (X = 1.8 !. 0.2 days), 3 egg clutches, 

3-6 days (X = 4.2.!. 0.2 days), and 4 egg clutches, 5-6 days (X =5.5 !. 

0.3 days). OVerall hatching period for aU clutch sizes canbined 

averaged 3.2 .!. 0.3 days. 

Rep~ion data including clutch size and survival rate of 

nestlings are ~ized in Table 1. The reproduction data presented 

here are s: milar to those recorded for the same popllation in recent 

years by Prévost et al. (1978) and the production of 1.7 young per 
. . 

active nest is weIl above the rate of 0.95-1.30 young per acti ve nest 

regardai by Henny and Wight (1969) as required ta maintain a stable 

popllation. 

Collectively, during the 3-year period, 2 nests failed ta hatch any 

eggs, 1 nest was abandoned prior ta egg laying due ta intense logging 

activity, no nests fledged 4 young, and on 1 occasion 2 eggs hatched on 

the same day but the secard bi~ was abnormal and died at 30 days. 

Cbaracteristic8 of nestling growt:h 

'l'be Richards and logistic mxlels fitted to 6 Itw:Irphaœtric 

characteristics and linear regression roodels fitted to 2 feather 

variables for the 32 irviividuals provided a total of 448 pilrameters for 

catplrison. Table 2 sœrnarizes growth parameters of K (day-1), A (g or 

nm) and ti (days) for variables fitted ta the logistic equation and 

tested for year, BeX and their interaction by 2-way AlOlA adjusted for 

unequal aanple aize (Sokal and Rohlf 1981). Sizea were considered 

aignificantly different if the probability of a larc:Jer F value was less 

than 0.05. The test revealed aignificant sexual differencea in growth 
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rate only for cranium and culmen, in asynptote for weight and tarsus and 

in the inflection point of talon. There were no significant differences 

among years or interactions for any measure of growth. 

Table 3 stmnarizes growth p:lramPters of Fi Ca&yrrptote), m (curve 

shape) and T Coverall growing time, fitted with the reparameterized 

Richards noiel also tested for year, sex and their interaction by 2-way 

'MKNA adjusted for unequal sanple size. The test revealed no 

significant sexual differences in curve shape but, as above, significant 

differences in asymptote for weight and tarsus. There were no 

significant differences among years or interactions for any variable. 

To catpare stages of growth to ul timate size, adult ospreys were 

captured and measured in the study area. Additional p:lrameters of talon 

and culmen lengths were obtained fran study skins of adul ts measured at 

the Alœrican ftl.1seun of Natural History in New York. The following 

results are carpared to mean adult values for each sex obtained from 

these sources C listed in Table 4). 

The weight of day 1 nestl ings averaged 49.0 ! 2.1 9 for males and 

48.6 ! 2.4 9 for fenales. Mean values for adult males and fanales were 

1485 ! 28.9 9 am 1790! 29.6 g, respectively (Table 4). Thus, male 

nestlings hatched at 3.3% of adult male mean and femaie nestlings at 

2.4% of adult fanale mean. These values may net r.ecessarily reflect 

true hatch weights however, sinee it is possible that sane neonates were 

fed prior ta firet 1eighing. The average \llJeight of aIl day-l nestlings 

camined (48.8! 2.3 g) was 70.8% of the \llJeight of the average fertile 

egg (68.9.! 0.9 9) near the time of laying. The relationship between 

egg weight and hatching weight is c:œprable to the 76\ reported by 
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Bortolotti (1984) for bald eagles (Haliaeetus leucocephalus). 

The curves in Figs. 1 through 8 represent means at 4-day intervals 

obtained fvam the total sample of nestlings that survived to fledge for 

aU variables analyzed. Since each chick was measured on average 26 

times (2 day intetvals) throughout the 8-week nestl ing period the curvps 

reprcsput an a(:preximate total of 6,656 measurements for the 32 

individuals <12 fema.les and 20 males) that survived to fledge. This 

p~ided quantitative data to distinguish points of divergence for aIl 

variables in which they occur. standard errers for weight and tarsua 

lengths (the only variables te show distinct asyrrptotes) are included in 

Fige. 2 and 3. Figs. 4-8 are presented without standard errer bars for 

clarity of presentation. 

Fig. 1 shows that the weights of males and fanales increased at 

similar rates but diverged near the point of inflection The sexes 

showed significant differences in asynptote and had absolute growth 

rates at inflection CdW/dt = KAW <1~), where W = 0.5 for the logistic 

equation, Ricklefe 1968) of 67.5 g/day for males and 80.5 g/day for 

fema.les. 

The curves in Figs. 9 through 13 represent average daily growth 

rates for variables fitted with the Richards equation for male and 

fema.le nestlings. In Fig. 9 males and fema.les showed significant 

differences for asynptote again only in nass (Table 3) aM body weight 

curve shapes were similar. 

Tarsal length at hatch averaged 14.5 .! 1.6 111ft for males and 14.9 .! 

0.7 lIIll for fanales representing 20.4\ of adult male length (71.0.! 1.6 

II1I'I) ard 20.5\ of adul t fEmille length (72.6 !. 1. 7 nm). The length of the 
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tarsus increased at s:iJnilar rates for both sexes weIl beyond the 

inflection point and showed significant differences only in asymptote at 

fledging (Fig. 2, Table 2). Males showei! maximal daily rate gain at 

inflection of 2.5 rrm/day and fanales 2.6 nm/day. 

Talon length at hatch averaged 4.2 .:!:. o.t 1TIn, 14.3% of adult valu~ 

(29.3 .:!:. 0.3) for males and 3.9 .:!:. 0.3 1TIn, 13.4% of adult value (29.8 + 

0.4) for females (Fig. 3, Table 4) • Talon length was the only variable 

that showed a significant difference at inflection (Table 2) • Maxinun 

daily growth for talon at inflection was 0.86 nm/day for males and 0.88 

mn/day for females. Again, the curves shcwed very similar growth weIl 

past the inflection point. No parameters of the Richards equation 

showed significant sexual differences for talon length (Fig. Il, Table 

3). 

culmen length at hatch averaged 10.7 !. 1.0 mn for males, 33~ô of 

adult length (32.5 !. 0.3 l1li\), and 10.3 .:!. 0.4 nm, 30% of adult length 

(34.4 + 0.4) for females (Fig. 4, Table 4). It is obvious from Fig. 4 

that the culmen was weIl developed at hatch and showed little sigmoid 

growth pattern post-hatch. Males achieved a maximal daily value at 

inflection for culmen growth of 0.63 mnlday carpared to 0.69 nmlday for 

females. No differences were found for parameters of the Richards 

equation for culmen length (Fig. 12, Table 3). 

Cranitn widths at hatch averaged 18.4 .!. 0.8 nm for males and 17.3 .!. 

2.4 l1li\ for fanales repreaenting 43.6% of adult male length (42.2.:!:. 0.3 

nm) and 40\ of adult fanale length (43.2.:!. 0.4 nm). Cranitn means also 

ahowed very little si~id shape plst-hatch. (Fig. 5). Like culmen, 

craniœe growth constants were significantly different (Table 2) , 
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However, these data l'IIlst he viewed with caution since bath variables are 

far f~ fully grown at fledging and estimation of the asyrnptotic values 

required extrapolation fran the growth equation. Furthenoore, si.nee 

cranit:n was weIl developed at hatch and convergence criteria for the 

Richards equation could not he ~t in aIl instances, mean curves for 

cranium width could not he generated. 

Wingchord and feather growth 

Wingchord length at hatch averaged 20.0 ..!. 1.7 mn for males and 19.7 

.!. 1.4 II'I'R for females, representing 4% of adult male length (494.5 ..!. 2.6 

l'lift) and 3.8\ of adult fanale length (515.6.!. 1.9). Sinee male and 

fanale wingchords grew at similar rates until very near the end of the 

nestling period (Fig. 6) this variable may prove to he the be!'lt 

criterion for aging nestling ospreys (Schaadt, in prep.). Wingchord was 

still increasing at fledging ard asynptotes were estimated fran the 

growth equation. Maxirrun daily gains at inflection averaged 12.1 mn/day 

for males and 12.4 for females. Again there were no significant 

differences for any parameters of wingchord grcMth using the Richards 

equatiop (Fig. 13, Table 3). 

Feather growth wes analyzed by camparing regression lines during 

the linea.t" period of growth, beginning on day 20, sinee growth was tao 

limited during the nestling period te generate growth curves (using the 

meth:dology of Snedecor and Cochran 1978, p. 432). 'l1lere was no 

eignificant difference (P > 0.05 in aU cases) between sexes or years in 

CCIIplriaonB of slopes or elevations, i.e. rate of grawt:.h, for eighth 

primary or central rectrice growth. 
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There were also no differences by sex in the age at which the 

eighth primary fjrst emerged fram the skin, i.e. 7.05.:!:. 0.19 days for 

males and 7.25 .:!:. 0.25 days for females (Fig. 7) or, when the central 

rectrices began ta emerge on day 9.25 .!. 0.19 for males and day 9.50 !. 

0.28 for females (Fig. 8). There were aIse no differences between first 

(Cl), second (C2) and third (C3) hatched nestlings (Wilcoxon signed­

ranks matched-pairs test) • Thus, prima ries and rectrices grew at 

similar rates for bath sexes during the nestling period irrespective of 

hatch arder with no divergence obvious by time of last measurement. 

Developnent at fledging 

'1h! ratio of adult ta nestling values br sex (Table 4) provides an 

index of developnent at fledging. Weight and tarsus were the only 

variables ta show well defined asynptotes at fledging. Although talon 

length and cranitn width were within adul t range and culmen length was 

greater than 90% of adult values, no asynp:ote was obvious in the cu.rves 

(Figs. 3,4 and 5). 

Wingchord, eighth primary and central rectrix lengths were about 

76, 71 and 75% of asynptotic size, respectively, at last measurement, 

and therefore, were probably incœplete at nest depilrture tirne. 

Although it is unknown when adult values were achieved, the difference 

obviously does not affect flight capabilit:ies as no birds were fourd ta 

have difficulty mki.ng initial flights fran the nest. In fact, Schaadt 

and RynK>n (1983) docœented an osprey, fledged frem a hack tower, 

fishing successfully on the second and third day after first flight. 
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Brood size and hatch arder 

Analyses of brood size are complicated by loss of eggs during 

incubation and chick IOOrtality during the nestling periode That lS, 

should brcxxi size be detennined at egg laying, at hatch, midway through 

the nestling period or at fledging? Renee, tests were conducted on 

brood size compositions at hatching and at fledging using Wilcoxon 

signed-ranks matched-pairs test. 

Oomparisons of Cl, C2 and C3 nestlings were made within broods for 

fledging age and for mass parameters of g~h for same sex bu·ds and 

for the same parameters with asynp:.ote el:iJni.nated (which was found to he 

significantly different between the sexes, Table 2) for aIl birds in a 

brcxxi regardless of seXe 

The tests revealed no significant difference between Cl, C2 or C3 

nestlings whether using catp)sitions at hatching or at fledging. The 

consequence of accepting the null hypothesis, Le. that grCNth is 

unaffected by hatching order, is that any bird within a brood is equally 

l~ly to have a positive or negative rœ~ng regardless of seXe 

Unfortunately, sufficient data ta test the influence of brood sequence 

on grcwth parameters at egg laying \llrere net available. 

1bere was also no difference in growth (mean K/brood) between 

broods of 1, 2 or 3 nestlings. The growth rate CK) of single broods 

averaged 0.1807 ~ 0.0009 (n = 6), broods of 2 averaged 0.1798 ~ 0.0017 

(n = 4) and broods of 3 averaged 0.1808 ~ 0.001 (n = 6). 

Mean growth rate and relative growth 

Mean growth curves for each sex obtained fran a pooled sanple of 
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nestlings were generated for weight and tarsus length and campared to 

the means of parameters for weight and tarsus length obtained. from 

individual birds (Table 3). The parameters obtained from both methods 

were similar. The curve based on mean weights had parameter values for 

K, A and ti equal to 0.1789, 1510 9 and 19.4 days for males and 0.1793, 

1790 9 and 20.3 days for females, respectively. The mean tarsal curve 

had values of 0.1421, 71.6 nID and 12.2 days for males, and 0.1438, 74.3 

mn and 12.4 days for fernales. 

Since curves fitted to the means of the observed data were 

equivalent ta the mean roodel parameters based on curves fitted to 

individual nestlings, they were used to cœpare relative growth of 

weight and tarsus, which were significantly different by sex at 

asynptote. Figures 14 and 15 show similar average weight and tarsus 

length cu.rves of male and female nestlings when cœpared using the 

grcM:h index (Ricklefs 1967). This is expressed in tenns of growth units 

to either side of half growth and represents the t.ime required. to grow 

from 10 to 50% (t 10-50) of the asyrtFtote. 

The sirnilar growth rate conàtants (K) for mass were reflected in 

the time it takes ta grow fran 10 to 90% (t 10-80) of asytTptote, i.e. 

24.5 days for males and 24.4 days for fanales, even though females 

reached a significantly higher asyrrptote. Therefore, sinee both sexes 

hatched at equal weights (Fig. 1), b.tt attained asyrtFtotic values 300 9 

apart, fenalea obvioualy aCCllrlllated tissue at a ftlJCh greater rate than 

males. 
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Growth rate 

In ospreys, a curve shape for mass intennediate between the 

Gortpertz (m = 1.0) and logistic (rn = 2.0) roodels was suggested by the 

rnean Richards shape parameter estirnate of 1.24 for birds of bath sexes. 

Although it was evident that roore than one curve shape could fit a g1ven 

data set the logistic roodel was JOOst aa>ropriate in IOClst cases for 

describing the growth rate of nestling ospreys with a combined growth 

rate (K) of 0.180. The corre~nding time of 24.4 days to grow from 10 

to 90% of asyrrptote represents abJut 45% of the overall nestling period. 

Few data are available for cœparison. stinson (1977) rep.Jrted a 

-logistic growth rate of 0.120 and 36.9 days as the average length of 

time required to grow fran 10 to 90% of asyrrptote during a study of 

ospreys in Chesapeake Bay. However, sinee he was not certain of the 

individual ages of chiciœ, stinson calculated growth rates by 

correlating the average age of a brood (sorne of which were artificially 

increased) with the average weight of the chicks in the brood rœasured 

on a week1y hasis with final weights aIl ta.ken within one week of 

fledging. 'lhis methodology, in conjunction with sexual differences in 

asynptotes, probably led him to underestirnate osprey growth rat~s. 

Therefore, the difference ooted in the bic studies may not actually 

reflect geograp,uc variation in growth rates between these pJ[lllations. 

stinaon reported the growth rate of ospreys to be at the lCM!r end of 

the spectnm of growth rates (0.078 - 0.2S7} of 5 falconifonn species 

presented by Ricklefs (1968) with the length of time to grow frem 10 to 

90% of asynp:otic weight greater than aIl corresponding t:iJœs except 
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for the golden eagle (Aquila c~saetos). The current study places the 

osprey intennediate in this. group with growth rates similar ta those of 

the red-tailed hawk (Buteo jarraicensis). 

To date, there have been no quantitative comparisons of 

differential growth of morphametric characteristics between male and 

fanale ospreys. Poole (1982) carpared growth of nestling ospreys in 3 

colonies during a study of brood reduction by camparing regression lines 

on average weights, within 5-day age intervals, but only during the 

first half of the nestling period (up to 30-days) when growth increased 

nearly linearly. However, sinee he did net fit growth Cl"XVes or 

consider sexual growth differences bis resul ts cannot he catpired 

directly to this study. 

Cooparing observed and predicted asyrrptotes, the logistic roodel 

produced higher estirrates than the Richards model for aU variables 

exc:..·"'ot female mass (Tables 2 and 3) even when characteristics were 

rneas'll"ed through the asynptotic periode The greatest disparity between 

the lrodels was in wingchord length which achieved about 75 % of adult 

iSize at last measurement. Here, as elsewhere, logistic estimates were 

closer te recorded adult values than were Richards model estimates, 

suggesting that the Richards noiel may have underestimated asynptote 

especially when the observed data did not include values leading up te 

and including the asynptote. Ricklefs et al. (1986) , found that when 

asyrrptote is not recorded, nonlinear curve-fitting techniques may 

overest:inate the asynptote of growth curves, and as a resul t, 

wderestimate the growth rate constant sinee they are inversely related. 

If the major determinant of growth rate in birds is that of body 
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weight, ospreys graw relatively fast for their size. Based on 

asymptotes of 1500 9 for males and 1800 9 for females, Ricklefs' (1968) 

model for temperate zone passerines and raptors, which show growth ratp 

to he inversely related to body size by the ~tion t~O-90 = 3.98À 

0.278, predicts a rate of 30.6 days for males and 31.6 daya for femal~s, 

whereas the observed rate was 24.5 and 24.4 days, respectively. The 

relationship hetween growth rate and nestling period (nestl ing period x 

0.57) predicts a nearly sunilar rate of 30.7 days for 1l\31es and 11.0 

days for fem:lles, again rruch slower than the observed va lues. Ospreys 

also grew l'IIlCh faster than predicted by Ricklefs' (1968) a Il omet ri c 

equation for growth rate «( = 1.11A -0.278) which predicted values of 

0.138 for males and 0.145 for females. The observed rate was 0.180. 

Ricklefs (1968) found growth rate to he inversely related to body 

size interspecifically. However, it is obvious that such was not the 

case intraspecifically. In ospreys, growth rate and point of inflection 

was unrelated ta the large sexual differences in asyrrptote. Bortolottt 

(1984) reported a similar effect in bald eagle nestlings and Ross (1980) 

noted that IlDst studies of passerines also fail to show distinct 

intraspecific relationshipe hetween growth rate and asyrrptote. O'Connor 

(1984) suggested that intraspecifically growth rate and asymptote are 

irdependent parameters of variation in g.rart.h which can he separately 

adjusted ta ecologicai pressures. 

The growth rates of J1I)qianetric characters for the logistic rrrrlel 

were similar between the sexes for aIl variables except culmen length 

and cranial width, bath of which were 'tell developec1 at hatch and sOOwed 

little si~idal growth post-hatch. OVerall, the growth rate for mess 
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was JOOst rapid, followed by tarsal Iength, which in turn grew faster 

than talon, wingchord, craniun and culmen. Growth was slowest in 

characteristics that were weIl developed at hatch, SUEPlrting Ricklefs' 

(1973) hypothesis that overall gr~Jth is a carpranise between cellular 

growth and acquisition of mature function, that is, mature tissues grow 

roore slowly than those with less developed function. This is concordant 

with Q'Oonnor's (1977) suggestion that selection acts on a s.pecies' 

pattern of developnent such that the m::Ist inp>rtant cœp:ments develop 

earliest, possibly at the expense of overall growth rate. In this study 

parts of the body that function early in feeding, i.e. the culmen and 

cranilln, were weIl developed at hatch. 

Aroong passerines the ratio of adult weight to fledging weight is 

related to fora~~ng behaviour (Ricklefs 1968). G~ feeders typically 

have ratios of less than 0.9 while ratios greater than 1.0 are found in 

species that spend a large prop:>rtion of foraging time in flight and 

whose young are capable of feed.ing the.mselves up:>n fledging. Ospreys, 

whose secure nesting places a11'* them to accept the long nestling 

periods necessary for flight 1IIlBC1es to mature, spend oost of their 

foraging t:ime in flight and confonn to the general pattem br attaining 

weight asynptote ratios greater than 1.0 (Table 4). 

Brood eize 

No differencea were fwnd in growth rates between broods of 1, 2, 

or 3 nestlinga or between the hatch order of birde within a brood. In 

reviewing the l.i.terature, Klœp (1970) found evidence both for and 

against a predicted negative effect of brood Bize on nestling growth. 
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Ricklefs (1973), who argued against the hypothesis that growth rates in 

birds are adjusted ta brood size, is supported by severa! recent studies 

(King am Huhbard 1981, Richter 1983, Ritter 1984, M:>reno 1987) while 

others reported an effect of brood size on g~h pararneters (Ross 1980, 

Zach 1982, Zach and Mayoh 1982). Evidence of differential growth wi thin 

broods of asynchronously hatching species often suggests that sib11ng 

cœpetition inhibits the growth of the younger nestling, although it ia 

difficult to se.parate the effects of genetics and environment from 

growth perfonnance. 

Closely related ta brood size is hatching asynchrony am brood 

reduction. Lack (1968) Bl.1Iggested that a runt system operates in birds 

of prey such that in times of food shortage the youngest and therefore 

weakest chick dies. An alternative to Lack's (1968) hypothesis is that 

later hatched chicks are insurance against the 10BB of oIder sibl ing8 

having developed in response to accidentaI factors rather than in 

response ta food SUWly (Hahn 1981). Poole (1982) found food sllR'ly ta 

he the major evolutionary factor selecting for brood size in ospreys in 

support of the food shortage hypothesis. Additionally, Poole (1982) 

fourd third chick survival ta he canoon and lOBS of older chicks 

negligihle in colonies with abJrdmt food SUW1y. Nestling tmrtality 

followed sunilar patterns in the current stœy; only 1 of 6 chicks that 

died in the nest prior to fledging was a firet hat:l;hed chick am it 

came fraD a single chick nest. The BUggell'tion that a runt system 

operatea in oapreys such that ear liest birda are at an advantage 

relative ta their siblings was further derrDnstrated in a 4 egg nest 

wbere the third egg failed ta hatch. It is su.apected that as the Cl and 
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C2 nestlings p:lssed 6 weeks of age the C4 nestling was just approaching 

5 weeks of age and was nct yet adept at self-feeding. When pirent birds 

placed prey in the nest without distributing it ta the young, C4, unable 

ta coopete with the aIder siblings, subsequently starved. 

It rnight he expected that females achieved higher asynptotes by 

being fed greater aroounts of food. Such was IlOt the case. Detailed 

observations showed no sexual preferences during feeding bouts. First­

hatched chicks, regardle~s of sex, were usually fed first by locating 

thmlSelves in the !OOst advantageous position relative to the adult 

fanale unless they were satiated and not actively soliciting fCXld. M'len 

nestlings did carpete for food, first-hatched chicks being larger were 

daninant and foreed later hatched siblings inta subordinate feeding 

plsitions. Since food was generally abundant however, there was no 

obvious advantage ta being fed first. aIder birds frequently became 

satiated during a given feeding session, aIIowing younger birds ta feed 

to satiation as weIl. As the female wes feeding she would place food in 

the bill of the nestling roost available at the ti.me. If Cl was busy 

swallowing for instance, C2 or C3 would receive the bite instead. Thua, 

even wben Cl nestlings were not fed ta satiation, aU birds generally 

recei ved sane food. Similar patterns were observed in aIl broods 

regardless of sex cuiPJsition, suggesting that hatching asynchrony, if 

anything, had the greater potential te ÎJrp)Se feeding disadvantages on 

Iater hatched birds than did semaI differenœs. Newton (1978) also 

fourd no differera!S in food consamp:ion in European sparrowhawks 

despite great aize differences between the sexes, and Poole (1982) 

reported, when food waa abJndant in bis study, aIl chicks in a nest grew 
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~ , - and fledged at no disadvantage relative ta nestmates. The "ront" 

individual (Lack 1968) therefore enables brood size to he increased 

without increasing cœp:!titive liabilities for the rest of the brocxl 

when food sources are unpredictable. The establishment of a feeding 

hierarchy aIOOng young as the resul t of hatching asynchrony such that the 

youngest bird in the clutch has the highest probability of dying when 

carpeting for limited resources has been widely reported (Meyburg 1974, 

procter 1975, Yan-Tov and Ollason 1976, Clark and wilson 1981, Poole 

1982, Edwards and Collopy 1983, Bortolotti 1986). 

Sex ratio 

It is tempting ta ~late that the Bex-ratio of nestlings within 

a brood may cœpmsate for any carp!titive advantage one sibling may 

have over another. Offspring sex varyi1'l9 with hatch sequence has been 

shawn for several non-raptorial species (Fiala 1981, Ankney 1982, 

Weatherhead 1985) and for bald eagles (Bortolotti 1986). Ryder ( 1983 ) 

proposed that for asynchronously hatching species which are sexually 

dim::>rphic it is adaptive for the larger sex ta hatch first, thus 

enabling it to he better fed. Unfortunately, nif data were net sufficient 

to test the idea of sex ratio variation within broods, differential 

IlK)rtality between sexes or the &ex ratio at laying or fledging in 

ospreys. 

Bex apecific growth 

Several etudies of growth of raptora (Newton 1978, 1979, [ot)ss 1979, 

Bortolotti 1984) and passerines (aee Richter 1983 for a review) have 

ahown sexual differences in growth dynamica where the smaller sex shows 

Iower variability with reIativeIy faster attainnent of asynpt.ote, 
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earlier maturation of plumage and an earlier fledging age regardless of 

which sex is smallest. In ospreys, the lack of significant difference 

in either growth rate (K) or growth curve shape (m) between the sexes 

(Tables 2 and 3) suggest that males and females grew at similar rates. 

Although females added more body weight per day and had a significantly 

different asynptote of tarsal length than males, they showed identical 

inflection points in g~h curves. When size difference was accounted 

for (Figs. 14 and 15), males and fernales showed very similar growth 

patterns. Males however, showed a greater variability in growth than 

their larger sisters (Fig. 1, Table 2). Bortolotti (1986) also fourd 

nales (the smaller sex) to be JOOre variable in grcMth than female bald 

eagle nestlings. Richter (1983) argued that cost differences in 

sexually diJrorphic species could be countered by feeding larger 

offspring extra food only when resources were abondant and therefore 

predicted the larger sex should show roore variability in growth. 

Feather gra.ith in ospreys was found to be the least sexually 

di.m:Jrphic variable in growth performance (Figs. 6,7 and 8). However, as 

Richter (1983) pointed out, sinee feather length was equal in size and 

growth rate between the sexes throughout mst of the nestling pericxl, 

and sinee males were smaller in other measured dimensions, their 

feathers were proportionally longer than those of females. Thua, males 

had relatively greater feather lengths than fanales, for their size, at 

least during the second half of the neatling periode Males and fernales 

h:Jwever, did not differ in feather emergellCe times, which occurred on 

average on day 7 for the eighth prinary and on day 9 for the central 

rectrix, or in fledging times. 
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Conclusions 

Although my J?rimary pll'pOse was to describe sexual variation in 

growth and not speculate on its cause, the evidence reported here is not 

as clear as one would expect if sex-specific growth dynaftÙca were the 

primary result of sibling cœpetition. The study did net SUR?Ort the 

prediction that males (the smaller sex) should develop feathers earlier 

and leave the nest sooner than femalea nor did it find the females ta he 

roore variable in growth. There was ne evidence that males had fastpt" 

skill developnent than females and cœp:!tition for food was not based on 

sexual differences but on hatching asynchrony. Mditionally, ospreys 

within a brood, separated by 2-day intervals on average, were npver 

observed to change rank (weight relative to a sibling) in the nest until 

very late in the nestling periode stinson (1977) reported weekly rank 

fluctuations within osprey brooda (in 2 of 6 neats) rut hlS data 

indicate that this occurred only after 90 % (6 weeks) of growth had been 

cœpleted. Since sex and crop content (found here ta he in excess of 

200 9 in oIder nestlings) was not considered in that study, it is 

difficult to assess the validity of this result. 

'lbe idea that males are at a CCllpetitive disadvantage and should 

grCJW faster than females seems maladapti '\Te in ospreya ln 1 ight of the 

Il'UCh greater differenc:es :iJtp>sed by hatching asynchrony. AR>reciable 

size differences bebleen the sexes do net develop in mat variables 

until growth has passed the inflection point of the growth cu.rve, when 

food coruut'ption is near its peak. ~n feeding the young parents 

discriminated only in relation to age related size differences and not 
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by sex. Therefore, in ospreys there is no evidence of sex-specifie 

growth dynamics selecting for rapid growth in males in arder ta corrpete 

with the larger females for nest resources. 
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TABLE 1. Reproduction data for Nova Scatia ospreys in 1984 - 1986. Values are X + S.D. (range). 

n 1984 n 1985 n 1986 n Overal! 

No. nesta 6 (4) 7 (7) 6 (6) 19 (17) 
laying (hatching) 

clutch Bize 17 2.8 ..:!:. 0.9 22 3.1 + 0.3 18 3.0 + 0.6 57 3.0 + 0.6 
(eggs laid/ (2-4) (3-4) (2-4) (2-4) 
nests) 

No. young 9 1.5 .:!: 1~3 15 2.1 + 0.6 13 2.2 + 0.9 37 1.9 + 1.0 
batched (0-3) (1=3) (1-3) (0-3) 

~ ..... 
No. young 8 1.3 + 1.4 11 1.6 + 0.7 13 2.1 + 0.9 32 1.7 + 1.1 
fledged (2=3) (1-3) (1-3) (0-3) 

, Nestling 11.1 26.7 0 17.9 
IOOrtality 

No. nests 1 0 0 0 0 
with clutch 2 3 0 1 4 
size = 3 1 6 4 Il 

4 2 1 1 4 

No. nests 1 0 4 2 6 
fledging 2 1 2 1 4 
young = 3 2 1 3 6 

4 0 0 0 0 
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TABLE 2. Growth parameters of logistic equation for nestling ospreys by 

seXe Values are means + S.D. (range) • 

Growth parameter 

variable sex n K A ti 

Weight M 20 0.180 + 0.006 **1499.5+ 145.6 19.3 + 1.1 
(0.168=0.190) (1190=1693) (17.2=21. 3) 

F 12 0.180 + 0.007 1790 + 43.9 20.5 + 1.1 
(0.170=0.187) <1740-1880) 09.4-22.7) 

Tarsus M 20 0.143 + 0.007 **71.1 + 1.5 12.0 + 1.1 
(0.126=0.158) (68.8-74.0) (] O. 3=13 • 6 ) 

F 12 0.142 + 0.006 73.9 + 1.6 12.9 + 1.4 
(0.134=0.153) (72.0-76.9) <10.5=15.6) 

Talon M 20 0.110 + 0.006 30.1 + 1.4 *16.6 + 1.2 
........ (0.101=0.123) (27.5-33.0) <13.7=18.5) 

F 12 0.113 + 0.006 31.3 + 1.1 18.0 + 1.2 
(0.104=0.124) (29.0-33.0) <16.2=19.7) 

CUlmen M 20 **0.079+ 0.005 31.8 + 1.3 9.8 + 1.7 
(0.072=0.090) (28.5-34.0) (6.4=11.9) 

F 12 0.085 + 0.006 32.7 + 1.0 11.1 +1.4 
(0.078-0.096) ( 31.5-35.0) (9.5-13.2) 

Cranimt M 20 **0.075+ 0.004 43.4 + 0.8 5.4 + 0.9 
(0.068=0.084) (42.0-44.6) ( 3.8=6.1> 

F 12 0.082 + 0.005 44.0 + 0.8 6.0 + 1.1 
(0.071=0.091) (42.0-45.0) (3.9=6.4) 

Wingchord M 20 0.099 + 0.007 490.2 + 23.9 30.8 + 1.7 
(0.085=0.112) (400-510) (26.5=33.3) 

F 12 0.098 .!. 0.004 505.0 + 5.2 31.5 + 1.1 
(0.091-0.109) (500-510) (29.8-=33.0) 

.... - * Males are significantly different fran females, PBNA P < 0.05 • 
** Males are significantly different fran females, PBNA P <0.01. 
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TABLE 3. Growth parameters of Richards equation for nestling ospreys by 

seXe Values are means .!. S.D. (range) • 

Growth parameter 

variable sex n m T 

Weight M 20 1.23 + 0.17 *1548.7 + 168.3 36.5 + 3.5 
( 0.87=1.68) (1187-1738) (31.3=47.1) 

F 12 1.26 + 0.11 1830.8 + 76.9 36.0 + 3.1 
(1. 06=1. 43) (1695=1956) ( 32.4=44.1 ) 

Tarsus M 20 2.18 + 0.54 *71.0 + 2.1 43.6 + 3.7 
(0.88-3.41) (68.0-75.2) (36.8=49.5 ) 

F 12 2.48 + 0.48 73.6 + 2.1 45.3 + 4.0 
(1.87=3.44) (69.0-76.6) (39.1=52.2) 

( Talon M 20 1.47 + 0.31 29.6 + 1.5 50.8 + 3.2 
(0.96=2.09) (26.8-32.1) ( 45 • 7=55.9) 

F 12 1.80 !. 0.27 30.9 + 0.9 48.9 + 2.7 
(1.39-2.41 ) (29.2-32.7) ( 45.5=52.7) 

CUlrnen M 20 1.90 + 0.43 31.6 + 1.9 69.6 + 5.1 
<1.09=2.63) (28.5-35.8) (61.1=79.3) 

F 12 2.41 .:. 0.60 32.2 !. 1.1 70.9 +1.4 
<1.34-3.10) (30.6-33.9) (69.0=73.8) 

Wingchord M 20 1.31 + 0.16 456.6 + 19.9 60.7 + 4.7 
(1.07=1.59) (409.3-491.4) (S2.3~8.1) 

F 12 1.31 + 0.18 471.9 + 18.4 57.3 + 5.9 
(1.02=1.74) (442.3-511.1) (48.1=65.2) 

* Males are significantly different fran females, A1!CNA P <0.01. 

( 
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Table 4. Adult means campared ta nestling means at 48 days of growth 

(or at asynptote). 

variable sex n adults d.L· n nestlings d.L % adult value 

Weight M 8 1485.0 20 1499.5 100.9 

F 12 1790.0 18.6 12 1790.0 17.7 100.0 

Tarsus M 9 71.0 20 71.1 100.1 

F 10 72.6 2.2 12 73.9 2.2 101.8 

Talon M 9 29.3 13 29.1 99.3 

F 10 29.8 1.7 7 30.5 4.7 102.3 

CUlmen M 8 32.5 13 30.4 93.5 

F 10 34.4 5.7 7 31.7 4.2 92.2 

Cranitn M 7 42.2 13 41.8 99.0 

F 6 43.2 2.3 7 42.8 2.4 99.1 

Wingchord M 10 494.5 13 378.7 76.6 

F 10 515.6 4.2 7 388.4 2.5 75.3 

Primary M 10 337.0 13 241.1 71.5 

F 10 350.0 3.8 7 244.9 1.6 69.9 

Rectrice M 10 207.0 13 158.4 76.5 

F 10 217.0 4.5 7 159.9 0.9 73.7 

* Dimorphian index = mean females - mean males / «mean females / 2) + 

(mean males / 2» X 100 (storer 1966). 
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Fig. 1. Mean rnass curves at ,. da}' intervals of male and female nestling 

ospreys plotted against day at which growth occurred. 
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Fig. 2. Mean tarsus length curves at 4 day intervals of male and 

femlle nestl ing ospreys plotted against day at which growth 

occurred. 

52 



-
++ 

en ++ 
LaI 
-J a ++ ..... 

++ 

!! + 
+ 

~ 

! ++ 
-J 

en 

i 
< 
~ 

z 
C 

~ 

en 
'" ... 
< z 

t 

c an 

c • 

c 
N 

Q -

Q 
Q 

>-< 
Cl 



( 

( 

( 

Fig. 3. Mean talon length curves at 4 clay intervals of male (dashed 

line) and female (solid tine) nestling ospreys plotted 

against day at which growth œcurred. (S.E. bars eliminated 

for clarity). 
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Fig. 4. Mean culmen length curves at 4 day intervals of male (dashed 

line) and female (solid line) nestling ospreys plotted 

against day at which growth occurred. ( S. E. bars el iminated 

for clarity). 
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Fig. 5. Mean craniun width cmves at 4 day intervals of male (dashed 

line) and fernale (solid line) nestling ospreys plotted against 

day at which growth occurred. 

clarity) • 
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Fig. 6. Mean wingchord length curves at 4 day intervals of male (dashed 

1 ine) and female (sol id line) nestl ing ospreys plotted against 

day at which growth occurred. (S.E. bars eliminated for 

clarity) • 
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Fig. 7. Mean primary length curves at 4 day intervals of male Cdashed 

line) and female Csolid line) nestling ospreys plotted 

against day at which growth occurred. CS.E. bars eliminated 

for clarity) • 
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Fig. 8. Mean rectrix length curves at 4 day intervals of male (dashed 

line) and fernale (solid Hne) neetling ospreys plotted 

against day at which growth occurred. 

for clarity). 
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Fig. 9. Estimated average daily growth rates for mass of male and 

female nestling ospreys plotted against weight at which 

growth rate occurred. 
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Fig. 10. Esti.mated average daily growth rates for tarsus length of 

male ard female nestling oapreya plotted against length at 

which growth rate occurred. 
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Fig- 11. Estimated average daily growth rates for talon length of male 

and fernale nestling ospreys plotted against length at which 

growth rate occurred_ 
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Fig. 12. Estimated average daily growth rates for culmen length of male 

and female nestling oapreys plotted against length at which 

growth rate occurred. 
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Fig. 13. Esti.nated average daily growth rates for wingchord lengths of 

male and fE!l'lale nestling ospreys plotted against length at 

which growth rate occurred. 
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Fig. 14. Percent of IMSS asyrrptote attained in relation to the growth 

index (relative growth) for male (-) and female (.) nestling 

oapreys. Points represent means at each day of growth. 
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Fig. 15. Percent of tarsus length asynp:ote attained in relation ta the 

growt:h index (relative grCJWth) for male (-) and female (.) 

nestling ospreys. Points represent means at each day of 

growt:h. 
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In Chapter l, I carpared the growth of individual male and fema le 

nestlings in a migratory p:>p11ation of ospreys in Nova Scot la , Cdnada 

and found no significant differences in growth rates of welght., body 

eomponents, or plumage eharacteristics. 

In Chapter II, I evaluated the sex-specifie growth perfonnance of 

ospn!}Ts in a sedentary popllation in Sanara, Mexico and carpared them ta 

nestlings in Nova Scotia ta investigate the extent of geograptn ca 1 

variation in osprey pqpulations. 
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CHAPl'ER II . 

( 

Geographie variation in the growth of migratory and 

sedentary oapreys 
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Lack ( 1968 ) proposed that growth rates in birds represent a 

ccrrpranise between fast grCMth ta reduce the chicks' wlnerability ta 

predatlOn, and slower growth te allow the parents of altricial species 

to feed more nestllngs. Ricklefs (1969, 1973, 1979) hypothesized that 

blrds grow as fast as possible within limits i.np:>sed by constraints on 

tiSsue growth, that is at saRe physiologically maximal rate rather than 

optunized WiLh regard ta enviromental factors. Alternatively, case 

( 1978) reasoned that sinee rapid growth required parents ta spend IOOre 

ti.me in gathering food than in providil"l9 parental care, optimal growth 

should occur at intennediate values in response te such environmental 

factors as nest mortality and food availability. In a recent 

reexamination, Ricklefs (1984) concluded that these hypotheses, Le. 

ecological optirnization CLack 1968, case 1978) and physio log ica 1 

maximizatlon are net necessarily incompatible when explaining variation 

in growth rates. 

Kinç. and Hubbard (1981) tested the hyp>thesis that growth rates 

were P'tyeiologically maximized and hence, geographically invariant in 

the growth of nestlil"l9 white-crowned Bpilrrowa (Zonotrichia leœophrys) .. 

~stnatal growth curves in 6 sarrple populations were "virtually 

congruent" and independent of mean brood size and locality. They 

ooncluded that if growth rates were subnaxirnal and "optimized" in 

relation ta the local environnent there 1I«JU1d have been a greater 

diversity of growth rates. 

Since variation occurs net only within populations blt also between 

p:pll:\tions, the effect of the local environnent on the growth process 
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of a single species should become obvious when viewed over a w1de 

latitudinal distance. Factors favouring either rapid or slow growth 

should become apparent by comparative observation of geograph1cally 

variable populations. 

Although major differences may exist in the breeding strategies of 

sedentary and mi.gratory plpl.tlations, few studies have carplred the 

growth perfo~ of a single species in different portions of their 

range (King and Hubbard 1981, James 1983, Murphy 1983). Ospreys (Pandion 

haliaetus) show bath sexua.l-size dinDrphism and geograptuc variation ln 

North America and are mi.gratory except for sedentary pop.llat ions 1n 

SOlI'thern Florida and Mexico. 

This study therefore, was an atterrpt te investigate geographica 1 

variation of growth ~rameters of nestling ospreys in pop.11ations 

separated by 16° latitude and 50° longitude. l was interested in 

answering the follC*ing questiuns: 1) Are growth rates 1n ospreys 

physiologically maxtmized and therefore geographically invarlant? 2) If 

not, what is the extent of geographic variation in growth rate and 

asynptotic size bebleen the 2 populations? 3) If varië,tion doea exist, 

how does it relate te the prevailing environnental conditions within tiï~ 

populations? 

Tc answer these questions l catpll"ed Bex-specifie grMh and 

asyap:otic Bize of nestl i.ngB in a sedentary pcp.ùation of ospreys in 

Sonora, Mexico with thoae of a migratory population in teJrp!rate Nova 

ScxJtia, canada, (Bee Ch. 1) 
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study area 

In contrast to the intensively studied p:>p.tlation in Nova Scotia, 

(Prévost 1977, Jamieson et a!. 1982, Seyroour and Bancroft 1983, Schaadt 

ch. Il the histoncal distrl.bJtion and abundance of ospreys in the Gulf 

of caliform.a are httle knowr. (Kenyon 1947, Jehl 1977). Recently, Henny 

and Anderson ( 1979 ) estimated the nesting popllation of ospreys in 

coastal Sonora, Mexico at 124 piirs. 

This sttdy was conducted during the breeding seasons of 1985 and 

1987 in 2 locat10ns along the Sonoran coast. In 1985 the northernroost 

study area was located within a Seri Inclian resel'Vation (Felger and 

r-tJser 1985) at Punta Sargento (29° 14'N, 112° 18'W) between Tiburon 

Island and El DeserixJque (Fig. 1). Henny and Anderson (1979) described 

the area behind Punta Sargento, includill9 the nearby flats .,long the 

east coast of Tiburon Island as containing the greatest concentration of 

breeding ospreys in the Gulf of Cal ifomi a region. F. and F. Hamerstrom 

(pers. COOlll.) have ma~ rore than 100 osprey nest sites near 

Desemboque and estimated roughly one-third to he active at any one ti.me. 

OVer the 2 year period 1 located a total of 44 nests of which 27 (61%) 

were active. 

For logistic reaaons the study site was relocated further south in 

1987 to Punta Baja (28°38'N, 1110 47'tl) between Kim Bay aM Guaymas 

(Fig. 1) , after a reconnaisance of the northern study area ~ a 

majority of nests to be delayed in CCI'lpU'iaon to the 1985 season. Henny 

and Anderson (1979) estimated 46 pairs of ospreys nesting between Kino 

Bay and QJaymas. 1 found 24 nests t.hel"l!, 10 (42%) heing active. Of the 
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- other 14 nests, 10 had birds associated with them but whether nestln9s 

were eventually atte.rrpted is not known. The add1tlOnai 4 nests seened 

unoccupied • 

In both study areas nests were located on tall cactl, pnnunly 

cardon (Pachycereus pringleil and occasionally saguaro (Cu'nf~llt->a 

giganted), 6 ta 12 m above the ground. The presence of coyotes (ClnlS 

latrans) on the mainIand prevents the ground. and cliff nests ccmron ta 

island popllations in the guIf (Judge 1983). 

Field work was conducted between late FebnJary and ear 1 y JunE" • 

Fourteen nesta with 17 nestIings that survived te fledge were Stud1ed 

for growth performance in the Desenboque study area in 1985. In the 

Punta Baja study area in 1987, 8 nests with 14 nesthngs were examl.ned 

for growth. Overal!, 31 nestlings (13 lMles and 18 females) from 22 

nests were measured for growth during the course of the study. 

Field methods 

The rrnst striking feature of the brp.c.""<i1ng chrono 1 ogy of sedentary 

ospreys in the Sonoran desert is the high degree of asynchrony arrong 

nesting pairs cœpared to rrnre norther ly migratory J:X)p.11atl.Ons. Kenyan 

(1947), for exanple, fourd 27 nesta containing aIl stages fran fresh 

eggs to flying young in late April. Judge (1983) rer;orted the onset of 

egg laying to occur fran ear Iy January through ear ly March (9-10 weeks) • 

Therefore, upon arrivaI in the study area l initiated nest surveys 

(using a mirror pole) to identify nesta containing eggs or chicks. When 

eggs were fourd, they were marJœd, measured and weighed and then 

observed on a daily baais to docœent hatching. htlen Ch1Cks were 

encamtered, they were aged in cœpari80n to Jmown agecl birds (pri..marily 
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frOOl average growth Clu-ves of llnear measurements .:. 1 day, Schaadt in 

prep.) and If used .i n the study, (i. e. less than 5 days of age), marked 

on the head wlth a colored felt marker for subsequent identification. 

As bHdR hatl'hed (day=l) they were marked accordJng to the egg frOO'l 

WhlCh they came and then welghed and measured at 2-3 clay intervals for 

the remtunder of the nesti ing period. This provl.ded known ages and 

hatchwg sequence for aIL chicks included in the study. 

Birds were weighed ta the nearest gram with Pesola sprl.ng scales 

and !œasured for tarsus length, hallux claw (talon) length, craniurn 

width, culmen length, unflattened wing chord, and as feathers anerged, 

eighth prirnary and central rectrix. The resul t is a set of longitudinal 

growth data on 8 vanéiLles for each nestling, 31 in aIL over the growth 

perl.oo. 

Data analysis 

Log transformations of the logistic equation according te Ricklefs 

(1967) were fitted te individual sets of growth data for a11 variables 

for the 31 bl.rds. The parameters K (a constant proportional te the 

overall grcMth rate and measured in day -1), A (asynptote in g or II1II) 

and ti (the point of inflection in days) were determi.ned fran the curves 

of individual nestlill9s. 'I1le variable t 10- eo , an inverse measure of the 

growth rate representing the time it takes to grow fran 10 to 90% of the 

aflYl1l'l:.otic value, was calculated for individual birds fran the growth 

equation. 

Growth data fran individual birds were also fitted te a 

reparameterized version of the Richards equation (White and Brisbin 
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1980) rewntten by Brisbin et al. (1986), provlding p:irameters of m 

(curve shape;, W (asyrtFtote) and T (overall growing tune) uSlng the NLIN 

procedure of SAS, version 82.4 (SAS 1982) to roorc tharoughly ùocUlTlf>nt 

intraspecific corrparisons. Data for the above methods were dprived only 

fran nestlings that SUl"Vlved to fledge and incotp:Jrated aIl data p..~Jlnb .. 

up ta and including the asyrt'f?tote. For varlables ln which no asymptotl-! 

was achieved prior ta fledging, aIl data were included in the analyses. 

Crop content, found ta he in exeess of 200 9 in oider nesth ngs ( i .P.. 

greater than 6 weeks in age, see Ch. 1), was taken inta conslderatlon ln 

the analysis of weight accurrulatlon. 

The sexill9 of individual nestlings was initially detennined on the 

basis of 2 distinct weight classes which aFÇear by fledging and 

confirmed by karyotypic analysis of fibroblast tlssue (ch. TII) 

collected fran a subsanple of 14 birds in the fleld. Buds of unknown 

sex were then entered inta a discriminant function i'lnalysls ta bP 

classifiPd by cc::rrparisons with birds of imown sex. A sigm f H:ant 

discriminant function (P < 0.001), based on the p:x>led covan.anGe 

matrix, enabled me ta sex aU of the unknowns on the basis of weight and 

tarsus asynp:otes alone. Detailed accounta of field methodology, growth 

cw:ve analysis and sexing of nestlings can he found in Chapter 1. 

statistical techniques are presented in th~~ t.ext where they are 

eI'lf?loyed and were perforrned using statgraphics (Vel"sion 1.1, 1965, 

statistical Graphies Corp:>ration, Ire) on an IJJtt XT personal carp.1ter. 

Unless otherwise noted, aIl rneans are quoted with standard errora (S.E.) 

and tests were considered significantly different if the probability of 

a larger F value was < 0.05. 
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RESULTS 

Reproduction data 

Egg laying during this study occurred fram 18 January to 30 April 

and eggs hatched (based on an aver.~ge incubation period of 38 days, 

pers. observ. ) , frOOl 24 February to 6 June, providing a conselVative 
• 

esti.mlte of an 101 day intelVal for the onset of egg laying. Data for 

34 eggs fran 14 nests in the DeseIttloque area show an average clutch size 

of 2.42 + 0.2 (1-3). In the Punta Baja area 1 located 8 nests with 19 

eggs for an average clutch size of 2.38 .!. 0.1 (1-3). OVerall clutch 

size for both study areas averaged 2.40 .!. 0.2 (1-3). 

Hatching intervals averaged 3.85 .:!: 0.2 (3-6) days for 3 egg 

clutches and 1.66 .:!: 0.3 (1-3) days for 2 egg clutches. There were no 4 

egg clutches discovered during either breeding season. The data 

presented here for clutch size, laying intervals and hatch dates are not 

necessarily fran the same nests used for nestling growth analysis due to 

the asynchrony of the breeding season. 

Characteristics of nestling growth 

Table 1 mmnarizes growth parameters of K, A and ti for the 31 

birds fitted to the logistic growth equation (Ricklefs 1967) and tested 

for year, sex ard their il'teraction by 2-way A!DlA adjusted for unequal 

sanple size (Sokal and RohIf 1981). The test revealed significant sexual 

differences in asynptote for na .. " tareus and culmen length ard in the 

inflection pli..,t of culmen. 'Ibere Nere no significant sexual 

differences in growth rate for any variable am no significant 

differences between years or interactions. 

Table 2 mmnarizes growth parameten of PI, m and T for the BaIlle 
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- individuals fitted with the Richards equation (Brisbin et al. 1986) and 

tested for year, sex and their interaction by 2-way Ar'OJA adjusted for 

unaqual 8aIt1?1e size. As above, the test revealed significant differences 

in a~otes for mass, tarsus and culmen lengths and in overall growmg 

time for tarsus length, but no significant sexual differences in clltve 

shape (m) and no difference aroong years or interactions for any 

variable. 

The corves in Figs. 2-8 represent means at 4-day intervals for aIl 

variables analyzed. The curves are based on an aR?roximate total of 

6,200 measurements of the 31 individuals (i.e. 8 measurements x 31 birds 

x 25 mea.surement days), providing quantitative data ta dist ingu1sh 

points of divergence where they occur. Standard errora for weight and 

tarsus lengths (the only variables to show distinct asynptotes) are 

included in Figs. 2 and 3. Figs. 4-8 are presented without standard 

error bars for clarity of presentation. 

Fig. 2 shows that the weights of male and female nestlings began to 

diverge prior te the inflection point. The sexes showed significant 

difference in asyrrptote and achieved absolute growth rates at inflection 

(c!W/dt = KAN Cl-W), where W = 0.5 for the logistic aquation, Ricklefs 

(1968) of 68.4 9 for males and 79.6 9 for females. 'ftle sexes did not 

differ significantly in the t:ime to reach maximal observed weight w1th 

males averaging 45.4 .!. 0.47 daye and females, 46.1.!. 1).67 daYB. 

Althcugh fanale tarsal lengths remained alightly larger throughout 

the grawth period (Fig. 3), actual divergence began pilat thf! inf lection 

point. Males achieved ahaolute growth rates at inflection of 2.59 nm 

and females, 2.69 111ft. 
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Talon length (Fig. 4) was remarkably silnilar between the sexes with 

no significant differences for any parameter of growth. Inflection 

œcurred at aOOut day 18 and the sexes first began ta show divergence 

very late in the nestling periode Absolute growth at inflection 

averaged 0.89 mn for males and 0.88 mn for females. 

CUlmen lengths were significantly different by sex for asynptote 

and inflection (Fig. 5). Males achieved maximal daily growth rates of 

0.66 l'!In and fernales 0.69 Dm. Cranimt width (Fig. 6) however, showed no 

differences for any parameter of growth and only began te dbrerge during 

the last quarter of the growth period. Male cranial growth had a 

maximal daily rate at inflection of 0.86 l'!In and females 0.89 mn. 

Feather growth 

Wingchord, eighth primary and central rectrix grew at sunHar rates 

throughout the nesting p!riod (Figs. 7 and 8). Males had a maxirlal 

daily rate at inflect.ion for wingchord of 11.7 mn while females averaged 

12.1 ntn. 

The growth of prirnary and rectrix feathers ( Fig. 8) were 

insufficient for growth curve analysis during the nestling period and 

were analyzed by CCIIpilring regression lines during the linear period of 

growth (i.e. beginning on day 20), following the methodology of snedecor 

and Cochran (1978) • Carpari80ns of slopes ard elevations showed no 

significant difference between sexes or yean for feather growth and no 

sexual difference in the age at which feathers first emerged (on day 

9.02 .! 0.27 for males and day 9.08 .!. O. 2S for fanal es for eighth 

priJnary, and day 11.01 + 0.22 ard 10.83 + 0.23 for central rectrice, - -

77 



- respectively) • 

Brood size ard hatch sequence were analyzed by corrparing first 

(Cl), secord (C2) and third (C3) hatched chicks within each brood for 

!.ledging ,age, weight parameters of the logistic cwve, (K, A and tl), 

and feather emergence times for birds of the same sex. This procedun'" 

was repeated for the same parameters except weight asynptote for aIl 

birds in a brood, regardles8 of sex, usil19 the Wilcoxon signed-ranks 

matched-pairs test. The test revealed no significant difference w1th1n 

broods for any measure of hatch sequence, Wl.th or without sexua 1 

consider,~tions, or in growth parameters between broods of 1, 2 or 3 

nestlings. 

Geographie variation 

Geographie variation was tested by carparing the means of weight 

and tarsus length growth puameters (the only 2 variables to show 

distinct asynptotes) by sex between the 2 por;ulations. Since no 

significant year effects were detected in this pop,llatl.on nor in the 

Nova Scotia pop.tlation (Ch. I) 1 conducted a priori nultl.ple carparUions 

by sex between popllations using t-tests lOOdified for equal and 

unequal variances, after testing each pair of sanples with an F-

statistic. 

The results of differences fran 9 carparisons (Table 3) showed that 

bath males and fanales in the Mexican p:pllation reached significantly 

higher weight and tarsua asynp:.otes than the migratory Nova Scotia 

pcp.tlation. Growth rate constants and inflection points of both sexes 

wen aignificantly different for weight bit mt tarBUS length. Males 

and females in Mexico alao took a significantly longer t.ime ta reach 
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observed weight asymptotes and had significantly longer nestling periods 

than Nova Scotian ospreys. 

Comparisons of the Richard's curve analysis for weight and tarsus 

length growth parameters (not presented here) produced similar results 

and showed an addihanal s1gnificant difference in the shape pararoeter 

(m) of male tarsus growth between p:>pulations. 

Because weight specific g~h did not vary between years or sexes 

in either population (ANOV,A P ) 0.05 in aIl case&, Ch. 1), growth rate 

means were pooled, irrespective of sex, and cOOlSred between 

popllations. Table 4 sb:lws growth rate parameters of weight and tarsus 

length, for bath logistic and Richards nuiels, as weIl as fledging time 

and feather emergence time to be significantly different between the 

p:>pulations. 

DIsœssIŒ 

This study showed no significant difference between sexes in growth 

rate constants or curve shape parameters for any measure of growth 

within the Mexican pop.ùation. The logistic roodel fitted ta 31 

nestlings showed a canbined growth rate (K) for milSS of 0.168 with a 

corresponding t 2.0-.0 of 26.2 daye, representing 44% of the overall 

nestling period of 58.5 days. stinson (1977) reported a logistic value 

of 0.120 for oapreya in the Chesapeake Bay, b.tt he correlated the 

average age of a brood (aane of which were artificially increased) with 

the average weight of chicks in the brood and may therefore have 

W'derestimat.ed osprey growth rates (see Ch. 1). 

Schaadt (Ch. 1) fa.md only relative differenœs in the growth of 
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1 ' - male and fanale ospreys in Nova Scotia and suggested that sibl ing 

competition and hatching asynchrony had little effect in sels,ting for 

sex-specifie growth within broods in that population. Sex-speclfic 

growth within this population also appears unrelated to sibling 

competition and hatching asynehrony as no differences wprp. found in 

growth perfonmance of chieks in broods of 1, 2 or 3 nestllngs, 

regardless of sex cat'p)sition, ner between these broods. 

Several studies of growth of raptors (Newton 1979, M::>ss 1 97q , 

Bortolotti 1984a) and passerines (Richter 1983) have shown differenees 

in growth dynamics of sexually dimJrphic species where the smaller sex 

often shows earlier maturation of phnage and earlier fledging ti.Jœs. 

In this population, males and fanales grew at similar rates (Tables 2 

and 3) and did net differ in feather emergence times or in fledging 

times. 

Geographic variation 

The pattern of growth exhibited between the sexes did not vary from 

the BeX specifie growth dynamics previously described for the Nova 

Scotia popllation (Ch. I). Hawever, carparisons of the tl«> osprey 

p:lp.Ù.ations nesting at different latitudes ahowed significant difference 

in growth rate, asynptotic size and fledging time (Tables 3 and 4). 

Surprisingly, weight and tarsus length asynp:.otes of bath sexes ~re 

8ignificantly higher in the Mexican ~ation which correspondingly 

showed red1~. growth rate parameœrs for 00th logistic and Richards 

curve nrxtels (Table 4). 

Few data exist for carpirison. Poole (1982) carpared 3 eastem 
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North Arœncan colonies (i .e. 1 sedentary colony lor..ated in Florida Bay 

and 2 migratory colonies on coastal Long Island, N. Y.) during a study 

of brood reduction, but did not fit growth carves ta the growth data or 

c:onslder sexual differences. Instead he carpared slopes of regression 

llnes of welght on age during the first half of the nestling perl0d 

(fram age 5 - 27 clays) on birds grouped according to colony, brood size, 

and position in the hatch sequence. He fourd graith rates ta he IOOre 

variable between colonies than withir. nests and that the sedentary 

füpllation grew !'Hgnificantly slower than one, but not both of the New 

York colonies. Poole attributed variation in growth ta differences in 

food delivery rates between the colonies ~ ta the "evolutionary 

pressures of sihling carpetition ta equalize growth of nestlings". 

Bath osprey populations in this study are currently classified as 

the same subspecies by Prévost (1983) who described 4 subspecies 

worldwide. Prévost believed that rrorphological similarities between 

migrants and residents (based on J'I'I.lSemI spec:iJœns) suggest that this 

separation is rrore recent than the separation between North American and 

Palearctic ospreys and therefore prohihits the assignment of subspecies 

classification based solely on ~gratary habits. 

Differences observed, in growth rates may he allanetrically related 

ta the a~tic size differences found between the populations. 

Ricklefs (1968) has shawn that interspecifically, larger birds grow IOOre 

slowly than mnaller species. However, Schaadt (Ch. 1) and Bortolotti 

C1984b) failed ta show any relationship intraspecifically in oapreys ~ 

bald eagles (Haliaeetus l~lus) respectively, and Ross (1980) 

notai that !OOst etudies of passerines aIse failed ta show a distinct 
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- relationship hetween growth rate and asyrrçtote. It is douht. fu 1 

therefore, that the difference in growth rates observed between the 

{X)pllations are a sinFle result of allometric "scaling, although l mve 

no data for adult body size in the Mexican popllation. O'Connor (lQ04) 

suggested that intraspecific growth rate and asyrretote are 1 ndf'p-'ndent 

variables which can he separately adjusted to ecological pressures. 

SaDe of the variability observed in asyrrptotic size and posslbly 

growth rate may he the result of phenotypic roodifications in resp:mse to 

prevailing environmental conditions in the 2 popllations. Severa 1 

envi ronnenta l factors ~ich reflect differences in environrœntal 

conditions were evident between them, namely migratory habits (which are 

associated here with synchrony of the breeding season) and climatu: 

factors. These conditions will he considered in terme of phenotypic 

adaptation and discussed in the context of ultUnate factors relating to 

a~tic size and possibly growth rate differences observed between 

the 2 {X)pulations. 

Migratory versus aedentary habits 

IIIplicit throughout this paper have been differences ass()(!lated 

with migratory versus sedentary habits. In species with bath rnigratory 

and aedentary populations, rnigratory individuals often have relatively 

longer wings and more pointed wingtipe in relation to body size (Amadon 

1943, Mayr 1963). Cœparing osprey lIIl8eU1'I specimens, Prévost (1983) 

fourd that sedentary fonta fran the Red Sea and Bahamas p:lpllations had 

smaller wings and taila than their migratory counterparts, alth:JUgh the 

sample aize waa atatistically too amall. Consistent with this is the 

observation that male and fanale ospreys in Nova Scotia had 
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significantly lower weight asymptotes than the non~gratory Mexican 

birds. 

Mayr's suggestion tpers. comn. in Hamilton 1961> that a general 

reduction in body S1Ze would require less energy during migration and 

permit quicker restoration of expended fat deposits in migratory forros 

may aiso he rela1...ed te the lower weight asynptotes found in the Nova 

Scotia (X>p.llation (Table 3). 

Synchrony of the breeding season 

Synchronous breeding, where individual pairs carry out stages of 

the reproductive cycle sirrultaneously, is character1stic of many 

colonial species, including migratory ospreys in coastal Nova Scctia 

(Prévost 1977, Schaadt Ch. 1). Gochfeld (1980) suggested that the close 

association hetween spatial and teJrp>ral (synchronous) influence on 

nesting pairs should net he considered independent of coloniality. 

However, the spatial coloniality of ospreys in Mexico is independent of 

synchronous associations and may therefore he unrelated ta the suggested. 

adaptive advantages of (,.."Oloniality such as reduœd predation pressure or 

increased efficiency of food localization (Emlen and De!nong 1975, Greene 

1987). Pop.dations in seasonal habitats may he highly synchronous 

silTply because of limited time available for reproductive processes, 

which in this case does not confer a selective advantage (Findlay ard 

eooke 1982). Migratory ospreya at high latitudes are under considerable 

pressure to reproduce within well-defined reproductive seasons (Henny 

1977), whereas sedentary ospreys in lower latitudes face l'lUCh less 

pressure. 
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The idea that ter!p)ral synchrony of the reproductive pericxl i s an 

adaptation of bir~s nesting in seasonal habitats is supported by the 

fact that clutches in the migratory Nova Scotia population were aIl 

initiated within a 20 day period while those in Mexico were initiat~i 

during a minirrun period of 101 days. Male and female nesthngs in NnVii 

Scotia also had significantly earlier ernergence times fOl" flight 

feathers and fledged fran the nest earlier than Mexican birds (Table 3). 

Interspecifically, Borto1 otti (1986) suggested that the short nest hng 

periods in lesser spotted eagles (Aquila pararina) may he associated 

with the degree of migratory movernent and rapid growth observed in that 

species. 

It is not known why lower-Iatitude ospreys nest durir~ the winter 

and early spring months (Poole 1982, Judge 1983, this study). However, 

Suaretz (1983) speculated that for a sedentary pop,tlation of ospreys 

nesting in desert conditions along the Red Sea, winter IOOnths provide 

optimal conditions for nesting with maximal tertp'!ratures helow 30° C, 

although nighttime tel!peratures faU below 10° C. He believed that when 

hatchi.ng occurs in early March and April, day and night tenperatures are 

mat canfortable for nestling birds, whereas later hatched Ch1Cks 

experience "tenp!ratures over 40° c. 

cl:imatic factors 

'l11ere is aane evidenc:e of desert species net confonning to the 

general trends of 8el9lBnu' s rule (see Rami 1 ton 1961) , that 

intraspecifically, size increase is inversely correlated with 

teap!rature and therefore latitude (bJt Bee Gel.st (1987) for an 

alternative view). Ripley <1950, cited in Hamilton 1961) was tirst to 
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note that birds from arid regi)ns tend ta he larger than those from more 

humid regions ("aridity effect" cited as Ripley's rule). Hamilt:on 

(1958) speculated that selection pressure for 1arger body size in birds 

in arid reg ions is due in part to the need ta conserve water. 

Barthalorœw and Dawson (1953) showed that respiratory water 10ss per 

unit body weight decreased with increased size in cooparisons of several 

desert dwelling species. James (1970) helieved that this "aridity 

effecttt 
19 operative at the intraspecific level and that the precise 

relationship between mean body size and the cambined effects of 

terrperature and rooisture (and other climatic variables) may aIl he part 

of one cœplex phenanenon. Although the effects of aridity on 

geographic variation have not been fully studied, adaptation to desert 

conditions may contribute to the explanation of the higher nestling l'laSS 

asyrrptotes found in desert ospreys in this study. 

The large body size observed in sedentary ospreys l'lay also he 

related ta c Oc imatic factors in association with migratory habits. Since 

tefl1?erate zone ospreys spend the winter south of their sedentary 

conspecifics ("leapfrog migration"), the average annual ~rature at 

which the northem-breeding birds li ~le may he higher, and their body 

size therefore smaller, than sedent~ry birds at middle latitudes 

(Salcm:msen 1955). This interpretation in SlJHIOrt of Be~nn's role 

illustrates the ÏJtp>rtance of considering factors affecting irdividuals 

year-round in studies of ecogeograpûcal variation in species containing 

migratory ard sedentary populations (Hamilton 1961). 
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- Growth rates 

Regarding the reduced growth rates observed ~n the Mencan 

population, O'Connor (1978) suggested that slow growth would he adaptlve 

under conditions of varying food supply. 1 believe however, that the 

reduced growth rates (and possibly nesting asynchrony) observed ln the 

Mexican popllation were unrelated to parental 

primarily for the following reasons. 1) Growth 

feeding abIlltles, 

rates within the 

population did net differ significantly between years. 2) Snall 

fluctuations were observed in individual nestl1ng weight growth curves. 

3) Food is generally abundant and available in the subtroplcal Gulf of 

california (Tbomson et al. 1979). 

Sedinger (1986) , in carparing geese that nest at different 

latitudes, suggested that growth rates may be related to daylength or 

the length of the growing season during broodrearing. Geese at lower 

latitudes grew considerably rtl)re slowly than those at higher latItudes. 

Daylength and growing season may similarly affect ospreys nestlng at 

different latitudes in this study. There are of course nany othfA r 

possibilities such as nest roortality (for which l have no data) and 

predictability of the food sU[:ply (case, 1978). It is udeed poSSIble 

that intraspecific patterns of geographical variation detected here may 

net he adapti ve in any sense (.James 1983). 

<D1CLOSlœ 

1 have apeculated that climatic factors in the sedentary, deaert 

nesting pcpùation in Mexico and migratory habits Ciœluding t~­

li.nJited synchronous breeding conditions) in the terrperate Nova Scotia 

population may act in sare way to account for size differences observed 

86 



{ 

œtween the 2 Fûpulations. 

l recognize the difficulties involved in assessing the 

signiflcanr.p of the small geographic variations observed in this study 

and that lt ~s partlCularly difficult ta attribute the patterns of 

growth directly to natural selectlon actwg on growth itself (Bortolotti 

1984b). However, natural selection does operate on roorphologica1 

features, such as body size, which is an inevitable consequence of the 

geograph1cal variat10n of the environment (Mayr 1963). 

It is ev~dent that ospreys must adapt thernselves in different parts 

of thel.r range ta the demands of the local environment. The higher 

growth rates observed in Nova Scotia therefore, ma.y reflect a ma.xinun 

set by physiolog1cal constraints as suggested by Ricklefs (1969, 1973, 

1979) • The question remnning however, is whether the reduced growth 

rates observed in the M:!xican ~p11ation are an adaptation to which 

allow growth to he optimized with regard ta the environmental factors 

found in that p:JfUlation, as was suggested by Lack (1968) and case 

(978) . 

~tever the answer, this analysis should be considered as a 

plausible interpretation of the asyrrptotic size differences observed 

between the 2 pop11ations and treated as a hypothesis stiIlulating 

further research inta camparisons of intraspecific geographic variation 

in Pandionidae. Especially needed are further studies on food 

availability and adult body size fran sedentary and migratary 

plpllations. 
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TABLE 1. Growth parameters of logistic equation for nestling ospreys in 

Mexico by sex. Values are means ~ S.D. (range) • 

Growth p::lrarneter 

• 
variable sex n K A ti 

Weight M 13 0.167 + 0.004 **1638.9 + 30.9 21.5 + 0.9 
(0.162=-0.173) (1581-1683) (20.4=-22.9) 

F 18 0.169 !. 0.004 1885 + 123.6 21.3 + 0.9 
(0.164-0.176) <1700=-2105 ) (20.2=-22.9) 

Tarsus M 13 0.142.! 0.004 **73.1 + 0.7 12.7 + 1.1 
(0.136-0.149) (71.9-74.7) <12.2=-13.2) 

F 18 0.141 + 0.006 76.2 + 1.6 13.1 + 1.0 
(0.131=-0.148) (73 .. 4-79.1> <11.8=15.2) 

( Talon M 13 0.111 + 0.006 32.1 + 0.5 18.4 + 0.9 
(0.098=0.117) (31.0-32.5) <16.2=19.3) 

F 18 0.110 + 0.008 32.0 + 0.8 18.7 + 1.2 
(0.096=0.123) (31.0-33.5 ) 07.0=-20.3 ) 

culmen M 13 0.082 + 0.006 **32.3 .:!: 0.5 *10.8 + 1.0 
(0.075=0.093) (32.0-33.5) (9.3=-12.1> 

F 18 0.083 .. 0.005 33.5 + 1.0 11.5 + 1.2 
(0.0:6=0.095) (32.0-35.5) (9.8=13.6) 

cranitn M 13 0.078 + 0.005 43.9 + 0.9 5.5 + 0.8 
(0.061:0.083) (42.5-45.0) (4.1=-6.0) 

F 18 0.080 + 0.005 44.4 + 0.6 5.7 + 0.9 
(0.071=0.086) (43.5-45.0) (4.1=6.2) 

Wingchord M 13 0.095 + 0.005 495.9 + 4.8 32.3 + 1.1 
(0.081:0.104) (490-500) (30.7-33.9) 

F 18 0.095 + 0.005 507.1 + 6.9 32.7 + 1.6 
(0.087=0.103) (495-515) (28.6=-34.5 ) 

( * Males are significantly different fran females, NDlA P < 0.05. 
** Males are significantly different fran females, NDlA P < 0.01. 
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TABLE 2. Growth parameters of Richards equation for nestl ing ospreys in 

Mexico by seXe Values are means .:!:. S.D. (range) • 

Growth pirameter 

variable BeX n M T 

Weight M 13 1.01 + 0.20 ** 1709.1 + 87.7 41.4 + 3.6 
(0.74=1.35) <1575-1839) <35.6=46.7) 

F 18 1.05 + 0.20 1938.1 + 135.4 39.2 + 1.4 
(0.80=1. 38) <1748-2129) <32.6=43. 1 ) 

Tarsus M 13 1.66.:!:. 0.70 **73.3 + 1.4 44.6 + 2.1 
(0.81-2.84) <71. 0-75 .1) (41. 4-4SJ.1) 

F 18 2.02 + 0.45 76.4 + 1.8 46.0 + 1.9 
(1.49=2.82) (73.2-79.0) (41.8-49.0) 

Talon M 13 1.50 + 0.15 31.2 + 0.7 50.6 + 3.1 
U.29=1.68) (29.8-32.2) (46.7=55.9) 

F 18 1.59 + 0.27 31.5 + 1.1 52.6 + 4.1 
( 1. 25=2. 05 ) (29.7-32.8) ( 47 • 2=58. 7 ) 

CUlmen M 13 1.81 + 0.40 *32.0 + 0.8 76.0 + 5.5 
(1.13-2.29) (30.7-33.2) (66.1=82.5) 

F 18 1.72 + 0.43 34.0 !. 2.1 76.0 +0.4 
<1.08=2.33) <31. 3-37.7) ( 65 .6-84 . 8 ) 

Wingchord M 13 1.45 + 0.35 481.6 + 14.4 59.9 + 1).7 
<1.00=2.20) (461. 2-510.5 ) (54.1=70.0) 

F 18 1.45 + 0.21 485.2 + 21.5 61.0 + 6.5 
U.01=1.86) (454.9-531.1) (54.9=77.4) 

* Males are significantly different fran females, PB:NA P < 0.05. 
** Males are significantly different fran fanales, A1!DlA P < 0.01. 
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TABLE 3. Cooparisons by sex of growth parameters of the logistic 

equation of weight and tarsus length between sedentary 

and migratory osprey pop.tlations. Values are means .!. S.E. 

Variable Sex Nova Scot:ia • Mexico % b P c 

WEIGlfl' 

Asyrrptote cl M 1499.5 + 32.5 1638.9 + 8.5 8.5 0.001 
(A) F 1790.1:! 12.1 1884.8 :! 29.1 13.1 0.017 

Growth rate ct M 0.1797 + 0.001 0.1669 + 0.001 1.1 0.000 
constant (k) F 0.1804 :! 0.002 0.1691 :! 0.001 6.3 0.000 

Inflection cS M 19.3 + 0.25 21.5 + 0.29 10.2 0.000 
point (t;&.) F 20.4 :! 0.31 21.3 :! 0.26 4.3 0.04:-

( 
Days ta reach M 41.6 + 0.21 44.4 + 0.47 6.3 0.000 
asynptote F 42.6 :! 0.20 46.2 :! 0.67 7.8 0.000 

Days ta reach M 54.4 + 0.64 51.8 .!. 0.11 5.4 0.002 
fledging F 56.0 :! 0.81 59.1 .! 0.42 5.2 0.003 

TARSUS 

Asyrtptote M 11.1 + 0.35 73.1 .! 0.22 2.1 0.000 
(A) F 13.9:! 0.48 76.2 .! 0.40 3.0 0.001 

Growth rate M 0.1432 + 0.002 0.1420 + 0.002 0.8 "r0.592 
constant (k) F 0.1420 :! 0.002 0.1410 :! 0.002 0.7 *0.631 

Inflection M 11.9 + 0.26 12.7 + 0.36 6.3 0.041 
point (t;&.) F 12.9:! 0.41 13.1 :! 0.29 1.5 *0.103 

(lays ta reach M 43.5 + 0.29 43.7 + 0.39 0.5 *0.531 
asynptote F 43.1 :! 0.45 46.5 !: 0.50 ;.3 0.000 

* N.S. 
• migratory population 
b \ difference between populations 
CI probability of a greater t value r a priori l'II11tiple carpari90ns using 

noiified t-test (aee text) 

( 
cS logistic equation according to Rick1efs (1967) 
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TABLE 4. eatparisons of growth parameters of weight and tarsus length 

betllWeen sedentary and migratory osprey p>~l1ations. Values 

are means ~ S.E. 

Variable Nova Scotia • MeX1co % b p Cl 

HEIŒr 
~istic growth 0.1800 + 0.001 0.1681 ~ 0.001 6.7 0.000 
rate constant CK) d 

Richards curve 1.27 + 0.03 1.02 ~ 0.04 19.7 0.000 
shape parameter (m) -

TARSUS 
~istic growth 0.1429 ~ 0.001 0.1419 ~ 0.001 0.7 0.524 
rate constant (K) 

Richards curve 2.25 + 0.09 1·.84 ~ 0.13 18.2 0.016 
shape parameter (m) 

EU]X;IR; TIME 55.0 .! 0.09 58.7 .!: 0.13 6.3 0.000 

- migratory popuŒation 
b % difference between populations 
cs probability of a greater t value, a priori nultiple coopuisons using 

noiified t-tests (see text) 
oS logistic equation according to Ricklefs (1967) 
- Richards equation rewritten br Brisbin et al. (1986) 
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Fig. 1. Map of the study area in Sonora, Mexico showing the 1985 

(Desemboque) location and the 1987 (Punta Baja) location. 
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Fig. 2. Mean mass curves at 4 day intervals of male and female 

nestling ospreys plotted against day at which growth occurred. 
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Fig. :le Mean tarsus length curves at 4 day intervals of male and f(::lÏIale 

nestling ospreys plotted against day at which growth occurred. 
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Fig. 4. Mean talon length curIes at 4 day intervals of male Cdashed 

line) ard female (80lid line) nestling ospreys plotted against 

day at which growth occurred. 
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Fig- 5. Mean culmen length curves at 4 day int.ervals of male (dashed 

line) and female (!:fOlid line) nestling ospreys plotted against 

day at which 9rowth occurred. 
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Fig. 6. Mean cranium width curves at 4 day intervals of male (dashed 

line) and female Csolid Une) nestling ospreys plotted against 

day at which growth occurred. 

102 



, , , , • , , , , , 

i 
, , , 

\ 
\ , 

\ 

i 
, 
~ 

~ 
>-
;§ 

! ... 
1 
1 Q ... 

t-) II1JtMD 



( 

( 
'. 

Fig. 7. Mean wingchord length curves at 4 clay intervals of male 

(dashed line) and female (solid line) nestling ospreys 

plotted against dayat which growth ~curred. 
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Fig. 8. Mean primuy and rectrix length curves at 4 day intervals of 

male (dashed line) and female (solid line) nestling ospreys 

platted against day at which growth occurred. 
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Chapters 1 and II were concerned with the growth of individual male 

and fanale nestling ospreys. However, osprey nestlings have no obvious 

external charact2ristics which can he used to determine their sex. 

Therefore, in Chapter III 1 present the results of an investigation of 

osprey karyotypes used to identify the sex of a sample of 31 nestlings 

in this study. 
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CfmP1'm III: Chraoosaœs of the osprey Pandion haliaetus: StudieR in 

sol id Giemsa and am banding 
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A chromosome analysis of 31 ospreys was perfonmed on fibroblast 

cells obtained fram skin tissue. The chromosome number was found to he 

2n=74. The division between rnacrochromosames and ~crochramosames was 

net always distinct, but the number of identifiable pairs was typically 

26 with 22 ~crochromosames (11 pair) remaining. Positive identification 

of the sex chramosanes was detennined by salid Giemsa and GlU banding. 

The Z chromosome is s~lar in size and anm ratio to chromosome 1 while 

the W chromosome closely matches chromosome 7. The rel iabil it y and 

efficiency of this technique are discussed as weIl as karyological 

r~!ation8hips within the Falconiformes. 
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Although Class Aves is weIl studied, nuch of its karyology rP.mllns 

unexplored with fewer than 5!>6 of avian species having been karyotned 

(De Boer and Van Brink 1982; Shi~lds 1982, 1983; Tegelstrom et al. 1903; 

Belterman and De Boer 1984; De Boer 1984). Furthel1OOre, in the Iffijonty 

of studies, banding techniques have been conspicuously absent due to the 

difficulty of obtaining chraoosanal material suitable for banding, as 

well as the time and extensive laboratory facilitles these cultures 

require (Christidis 1985). 

Many species of birds have no external characteristics which can be 

used ta determine their seXe This is particularly true in species where 

nestlings hatch asynchronously, e.g. ospreys. The goals of the present 

study therefore, were twofold: 1) to BeX nestling ospreys wlthout 

sacrificing them and 2) ta obtain basic data on osprey karyology. This 

paper describes the karyotype of the osprey using salid Giernsa sta in and 

Gro banding techniques on fibroblast cells derived from skin tissue 

cultures. 

Fibroblast cells were obtained fran the underwing 'patagiun of 31 

neatling oapreys collected in the field. A small area was cleared of 

feathers, swabbed with alcohol, and a 3 rrm-3 sarrple of skin was excised 

using forceps and acis80rs. The tissue was placed in culture medilD'l and 

shiH81 to the lablratory within 24 heurs when possible, or refrigerated 

(4°C) until shi~ing cou1d he accaliplished. Upon receipt, cultures were 

established using minimal essential medilD (HEM) + 15% fetal bovine 
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sertll'l (FBS) with antibiotics and incubated at 37°C in a C02 environrnent. 

When necessary, cultures were frozen and cells stared in liquid nitrogen 

for periods of 3 rronths to 1 year, then regrown for analysis. 

At harvest, cells were treated with colcemid (O.2ug/ml culture 

rœdium) 

Kcl/PO" 

solution 

for 3 hours followed by hypotonie tretltment with a wann 1: 1 

solution. Cel 1 preparations were fixed with cold Carnoy's 

and washed 3 times with the same fixative. The cell 

suspension was drog:e:l onta frozen slides and the fixative evaporated 

over boiling water. 

Slides for chratcsane counts and roorphological measurements were 

stained with 4% Giemsa. Ü!ngth measurernents and ann ratios (AR) were 

calculated for 10 rœtaphase cells (7 males, 3 fernales). Chraoosanes 

were arranged into groups on the hasis of relative length and 

centraœric position correspondinq ta the ncmenclature of Ü!van et al. 

( 1964) , (metacentric : AR 1. 0 to 1.7; subnetacentric: AR 1. 7 ta 3. 0; 

subtelocentric: AR 3.0 to 7.0; acrocentric: AR > 7.0). Relative length 

is defined as the percent of the total Z containing haploid chraoosane 

length (%'l'CL) excluding the microchratDsaœs. 

G'ro banding using 0.05% trypain in oormal saline (0.9% NaCl) was 

used for chraooscrne identification. An idiogram of the banded karyotype 

was constructed for the mac.rochranoaanes. 

RESOLTS 

ChrœDBane rutb!r counh of 100 metaphase cella indicate a diploid 

runber of 74. The karyotype is made up of a range of medi.lD to anall 

~ as weIl as a large runber of microcluœoaomes, tut lacks any 
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- t~ large chromosomes (greater than 7.5 %TCL). The division bPtwppn 

macrochramsomes and microchrarvsomes is not always distinct, but the 

ntJnber of identifiable pairs is typically 26 with 22 mlcrochroon!'tolœs 

remaining (Fig. 1). 

The majority (10126) of the macrochraoosanes are acmcentl.c, 7/26 

are metacentric, 6/26 are subnetacentric and 3/26 are subtelocent l'I.e. 

The actual ntDber of plirs falling inta subnetdcentnc and 

subtelocentric categories in a given karyotype vaned by 1 or 2 due ta 

the clarity and degree of contraction of the metaphase spreads. MP.~n 

values for relat~ve lengths, centraner~c index and ann ratios are glven 

in Table 1. 

'ftle macrochramBanes have been di vided into 5 groups. The f L rst 

group contains 3 relatively large metacentric to subnetacentric purs 

(1-3). Pair 2 is notable in that it contains a large non-sta.lnl.ng reylon 

on the long am and is frequently found in side ta sl.de assoc Lat 1On. 

The second group (pairs 4-7) conta1ns 2 medillt\ sized metacentrl.CS and '} ... 

small metacentrics of simdlar size and arm ratio. The th] rd group 

contains 5 subnetacentrics (pairs 8-12) of which pairs l1 ard 12 arp nat 

always distinguishable. Group 4 cantains 3 rœdiwn sized subtelocentrics 

(pairs 13-15). The remaining macrochramsanes (pairs 16-25) arp. 

acrocentric ranging in size fran relatl.vely large ta amalL The &mailler 

pairs are difficult ta identify without barding, although p,u.r 25 often 

shcwa m:i.mte short ama. 'l'be Z chrœDsane is very s:iJni.lar ta chrCIID&ane 

1 in bath size and arm ratio ard is therefore not accurately 

identifiable, especially in the halDlDrphic male, UBing 801 ~d Gl.eJnBa 

stain. 1be W cmanoeane is a metacentric chraooaane very sunilar to 
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p::tirs 6 and 7. About half of the 22 microc:hroroosaœs can be seen to he 

acrocentric whl1e the rest appear as dots. 

Eight suitable GlU banded metaphase spreads were obtained 

representing 5 male and 3 fernale ospreys (Fig. 2) • AlI the 

m:lcrochraoosomes have recognizable banding patterns except pairs 11 and 

12. These two were indistinguishable in rmst of the karyotypes other 

than by a small size difference. The Z chranosane is easily identified 

by 4 equally Sl'Mll dark bands on the long ann while chrOlTDSŒne 1 is 

charactenzed by a nelian large dark band on the long atm and a 

praninent proxiJ'nal dark band on the short arme 'l11e banding pattern of 

the W chrarDsane closely matches the banding pattern of chralnsane 6. 

These features are illustrated on an idiogram (Fig. 3). 

OISCOSSlœ 

Fibroblast cells derived fran skin tissue proved ta he a reliable 

technique of sexing osprey nestlings wlthout risk of in jury. A 100 

percent success rate (n=26) was achieved with sanples received in the 

lab within 48 hours, rut viability dIOJ:P!d ta 63% (n=27) when delivery 

was delayed by 1 week. The total of these figures is gt"eater than 31 

because 2 sanples were obtained fran sane birds. Tissue cultures 

provlded an additlonal advantage of continucus cel! lines which remained 

viable alter 1 year of storage in liquid nitrogen. 

Sol id Giell&1 and G'ro banding have provided the m:>st obvious 

featw:es of the osprey karyotype. Determ:ini.ng the &ex of an individual 

bird (by the presence or absence of a heterœol1?hic pair) was plssihle 

using 90lid Gieœa &tain, but positive identification of the BeX 
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chraoosanes required G'OO banding. 

Finally, views differ as to the taxonarUc (X>sit ion of the ospn~y 

within the arder Falcomfonnes. Brown and ArMdon (1968) p1.ll'Pd th~ 

osprey, the sole member of the family Pandiomdae, ln the ,>un mif'l" 

Accipitres along with Accipitridae and Saglttan ldae. ('}.1se 

relationship ta Accipitridae is suggested by sl/1\llantlf's ln eqg-whltp 

protein properties (Sibley and Ahlqw.st 1972) wh11e arrangenent of 

feather tracts resernble that of cathartidae (Cœptan 1938). 

Although Accipitridae shows considerable var1atlOn bet.wppn nll-'JTÙ"-'" 

species in blth diploid nunber (2n=78-54) and the nllMler of blal1œd 

chrc:mlaanes, De Boer (1976) has identified 4 characteristics cOO1tDn to 

the family: 1) a low nœœr of microchraoosanes (6-12); 2) the absF"ncp 

of very large macrochraoosanes; 3) a higher m.nber of blarnro t.han 

acrocentric maC' ... ochralDsanes; 4) the presence of a sateliited chrOOYJ!'i~ 

pair. 

Initial cooparisons of karyotypes show no slJnllant les ta 

cathartidae or Falconidae. The osprey does share SOOle Ac::npl t n cl.ie 

characteristics, i.e. a rroderately high diploid m..-nber, a predorrnnance 

of bianned macrochralDsaœs and the absence of any truly large 

clu:auoaanes, b.tt differs by having a hl.gh runber of microchrarosaœs and 

the lack of satellited pairs. 

De Boer (1976) raxtliiended treating cathartidae, Falconidae, 

Sagittariidae and Accipitridae as distird: groupa within Falconifo~s. 

Since the osprey karyotype does oot suggest any new relatlonships we 

ccnclude that Pardionidae should alao be included as a separate group 

within the arder. 
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Table 1: Percent of total chramosamal lengths (%TeL), centramere indices 

(CI), and am ratios (AR) of osprey macrochraooSCfnes. Values 

are X + S.D. n=10. 

No. Group %TeL CI 

1 1 6.4+0.34 41.6+0.96 1.4.::0.12 

2 1 6.3+0.60 33.2+3.02 2.0.::0.26 

3 1 5.0+0.37 43.4+2.14 1.3.::0.10 

4 2 4.5+0.37 40.4!3.27 1.5.:!:,0.22 

5 2 4.5+0.30 44.2+3.51 1.3.::0.12 

6 2 2.8.::0.22 45.9.:!:,2.58 1.2.:!:,0.12 

( 7 2 2.6.:!:,0.24 47.0.:!:,2.38 1.1.:!:,0.11 

8 3 4.2+0.28 27.8+2.71 2.6.:!:,0.36 

9 3 4.0+0.27 32.4.:!:,2.26 2.2.:!:,0.25 

10 3 3.2+0.24 30.1.:!:,3.77 2.3.::0.46 

11 3 3.0.:!:,0.12 30.8.:!:,4.82 2.3.:!:,0.46 

12 3 2.8.:!:,0.22 32.7+4.65 2.0.::0.30 

13 4 5.2.:,0.34 17.8+3.97 4.8+1.14 

14 4 4.0.:,0.17 22.5+4.69 3.3+0.62 

15 4 3.6+0.21 24.4+5.66 3.3+0.89 

16 5 5.5+0.27 

17 5 4.7+0.33 

18 5 4.0.:,0.31 

( 
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4 Table 1: (continued) -
No. Group CI AR 

19 5 2.9+0.23 

20 5 2.7+0.19 

21 5 2.6+0.16 

22 5 2.5+0.11 

23 5 2.4+0.14 

24 5 2.1 +0.24 

25 5 2.0+0.26 

Z 6.6+0.39 41.6.!2.90 1.4+0.13 

w 3.1+0.22 46.S.!1.35 1.1.!O.O6 
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FIG. L Representative karyotype of a female osprey using solid Giemsa 

stain. 
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FIG. 2. Gl'G banded karyotype of a female osprey • 
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STAnMENl' OF ŒIGINALITY 

This thesis lncludes the following original contributions ta the 

scientific literature: 

Quantlficat10n of sex-specific growth and asymptotlc size of 

nestling osprey. 

Quantitative comparisons of differential growth of morphometric 

characteristics bet~n male and female osprey nestlings. 

~nentation of ttming and g~ of plumage characteristics of 

osprey nestlings identified by seXe 

Quantificatlon of geographic va~i~~i~~ ~~ ~LUWLh parameters and 

body catplnents of nestl ing oapreys in migratory and sedentary 

IX>PIlations (perhaps the ooly such study for any raptorial 

species) • 

Comparisons of observed and prechcted asynptotes and growth 

pararneters analyzed using the logistic rrcdel and the 

reparameterized Richards roodel. 

Quantification of the influence of brood size, hatch arder and sex 

on the grcMth of osprey nestlings. 

Intraspecific evidence of larger body size and reduced growth 

rates, by BeX, in a sedentary population nesting in desert 

conditions corrpl1"ed ta a tatp!rate migratary pcp.ùation. 
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- Cooparisons of sex-specifie growth of nestling ospreys in t"eJat ion 

to plblished roodels of œlperate zone passennes and raptors. 

Evidence contradicting publ1shed reports of predIctIons of s~x­

specific growth d~cs of dimorphic spec1es, I.e. thp ~1n~ller sex 

(males) should develop feathers ear 11er and leave thp ne~t &00 ne." 

than the larger BeX (females) and the larger sex belng roore 

variable in weight accumulation 

The use of karyotyplC analyses ta identlfy the sex Jf nest I1ng 

ospreys without sacrif1cing tl~ bird. 

'l1le first avian species ta he karyotyped using cul tures deri veel 

fram skir. tissue ~les. 

F1rst osprey karyotype ta incorpJrate banding techniqup."i. 
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Thls study dld not StJRlOrt the prediction that males (the srnaller 

sex) shouId deveIop fcathers earlier and leave the nest sooner than 

fefMles nor did it flnd the fernales ta be rrore variable in growth. 

Therefore, the ldea that males are at a c~tl.tl.ve dl.sadvant.age and 

should grow faster than fernales seems maladaptlve 1n ospreys in light of 

the nuch grp..ater dlfferences 1JYtX>sed by hatchlng asynchrony. 

It was non'! difflcult however, te assess the slgnl.ficance of "the 

geographlc varIation ln growth rate and asymptotic slze observed in this 

study. It was eVldent that ospreys nust adapt t.hemsel ves in different 

fQrts of thelr range to the demanda of the local envirorwnent but 

extensive studies on growth from sedentary and rnl.gratolj· populations (as 

well as food avallab1.llty and adult body size) will be necessary before 

the observed fQtterns ln growth rate cao be directly attributed to 

natural selectlo,. lcting on growth itself. 
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