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. ABSTRACT "-t 
'Gt'eater scaup (Aythxa marilà) and lesser scaup, (!. a;;i~ were 

studied during the!r spring and fall m~grati~~ at L~ke St. Louis, ~ 

o 0 ~ 
Québec (45 24' N, 73 50' W). Ttme-activity bud~~s were determined 

. \ , 

and nu trient reserve levels wer~ mo~itored. Met~~for èsttmating 
< 

reserve lipide in migrating scaup were evalUated. . 
, ' 

Comparisons of ~arly and late spring sc'au~ ,rè.y"ale~an1~s' in' , 

frequencie~ of behav10urs over the 'migratory period.'-1(ime-activity 
, 1 

.budgets differed between sexes within a species. Behaviour appeared to 

be influenced by levels of s~rients, .ex ratios and possibl~ 
changes in, the food reso·urci. 'Greate~scaup exhibite~ incr~as~d wei,ghts 

. 
of fat deposits a~totalJat 1n late spring, whereas increases'in protein 

'è , fi' 
and mean body weigh s were not, s~gnificant. Leaser scaup ha4 higher 

mean-body weights in late spring, however, inoreases in fat deposits 'were . "'-
only significant for adult,ma'les. H1gher protein, we1ghts 1n l~tê's'pring 

" 

were only,significant in adult females. Digestive organ ~ize could not 
~ \ 1 i., 

l' <, 

be explained by changes in feedin& rates and may be related to profedn 
....... 

storage.and functional changes in the gut. All females of both 8pe~ies . 

~ 

".. 

" 

wer~ 'undergoing body molt; in males molt ~s negl~ble. ' 

During the fall tbe diurnal activity of m1grat~~~up ~as restr1cted 

to resting and preening. 'Increases 'in body weight- over t, migra tory 

.~ , 

" period were observed in greater scaup. No 
. . <: / 

change was evident 1n lesser s~up. , 

, "'-
clear p~ern of body,weight 

, Percent bOdy~~d skin weight were the bes t pred.ictors of 
, ',~ 

\ . 
reserve lipids in greaier and lesser scaup. ~dy weight and body'weight/ 

body length prov1ded reliable estimates o.f lipid rl!serves. A single equatidh. 

using abdominal fat was de{ived to est~e reserve &lipids' for both species. 
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ABREGE 

~e gqmd m~rillon (Aythya marHa). et le pet'ft morillon (A. afUnis) "'~ 

ont" été étudiés lors de 'l'~urs migrations' au ~rintemps et à l' autorÎme au o 

~ 

Lac St-Louts, Québec (450 24"N, 730 50' 0). Les,budgets énergétiques 

ont été déterminés et les réserves de matières nutritives' dans le corps 
. 

ont été évaluées. 
.t ' 

On a également évalué des méthodes pour estimer ,les 

réserves de lipides des morillons en migration. 

La f;équence de comportements était différe~te ent~eJles individus 

migrant au début de la période de mig~ation et les migrateurs tardifs. 
< 

Pour une même espèce ~ les budgets 
. " ~~ {, 

.... r .. 

deux sexes. Le comportement 

énergétiques étaient différents 

\"' 1 1 ,ntre es semblait être dépendant des quantités 

. de réserves nutritives, du rapport de sexe. et des changements dans le 

régime alimentaire. ' 

Les poids des dépôts de graisse et des matières' grasses totales 

étaient plus élevés vers la fin du printemps, alors que les variations 

du poids d~s proteines et du,pQids du corps n'étaient 'pas sihcatives. 
, 

Tard a~ printemps, le poids-moyen du petit morillon était plus élevé; 

ependant, 1" augœentation' en dépôts de graisse n "était significatif que 

pour les mâles adultes. Vers la fin)lu printe.mps, les quantités de 
, ~,~'~~\::., 

p~otéines sont significativement plus élevées ~èz, les femelles adultes. 

Les dimen~ions du tube digestif ne s'expliquent pas par des modifications 

du taux d'alimentation mais plutôt par l'emmagasinage de protéines et 

les changements fonctionnels dans l'intestin. La mue chez les males 

était ,~g14geable, toutefois toutes les femelles des deux e~pèces ét~ient\ 

"" en période de mue. 

1 
1 

1 
,1 

1 
l' 

-



.. 

(), 

() 

t 
IEl ... 1 J .1., .. &21 .. ( ' ..... JeUlJloldUIl! •• " ...... 

1 
:IJ 

, 111 -

~ .' . 
A l'autODUle, c;hez les morillons en migration, l'act4:v1t~ diurne se , 

limite au repos et a\l lissage des plumes. Penda~t la période m!gr~toire, 
~ ,- l' 

on observe des augmentations de poids chez le· grand Ulorillon. POll~ le 

1 ll, 
petit Ulorillon, les cbangetnents de poids ne ~~la:f.ent pas suivre ~n 

patron défini. 
~ 

, . Cq,ez les grands, et petits morillons, les meilleurs indicateurs 'de 

. ", rése1:Ves de lipides -sont le pourcentage d'eau dans le corps et le poids 

de la peau. Le poids total et le rapport du poids tota~ sur la longueur 

d i d ' '\ 
U ,?orps procurent une bonne estimat on e reserve de lipides. La graisse 

abdominal~. a servi d~ base ~ou\ dériver une simple equat:ion pour estimer 

la réseTVe- de '1ipi?e pOUr les deux espèces. 
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PREFACE 

This thesis eonsists of 2 manuscripts concerned with aspects of 
, 

the energetics of the spring and fal! migrat~ons of greater scaup 

(Aythya mariIa) and Iesser scaup (!. affinis). Both manuscripts are 
o , 

in the form for submissiob for publi~io~.. The first is a draft; 

" 

I 

the second has been accepted for publication by the Canadiap. Journal of 

Zoology. 

• The first manuseript examines the importance of stopover ~reas 

" for migrating greater and lesser scaup. Two approaches have been taken 

to gain understanding of this topic; behaviouraÎ and physiologiea!. 

Tho behavioural approacb e""",ines ~be allocation of time in orde~ to 

fulfill the physiologicsl requirements of migration. Kh~wledge of 

1 
behaviour provides an understanding of how an organism interacts with 

its environment. The physiologieal approaèh examines the use and storage 

.. of nutrients in the fom of lipids and proteins and concurrent changes 

in digestive org~ns. 

The second ma~uscript of this thesis examines methods, of quickly 

and eheaply estimating reserve lipids ln scaup. The aim was to pr9vide 

a single index of reserve lipids which could be used for both' species. 

The ability to evaluate lipid re'Serves in these birds will contribute to 

the understanding of nutrient reserve dynamics. 
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ABSTRACT 
. 

The ~portance of stopover areas for greater seaup (Aythya mari1a) 

and lesser'scaup (!. affinis) during migration was studied during the 
/ . , 

• 0 0 
spring and fall at Lak~ St. Louis, Quebee <;5 24' ~~ 73 50' F). ·Time 

~ - , j 

budgets ~f diurnal behaviours were determined f~ each species separately 

from 23 Mareh ta 1 May~ 1980. Comparisons of,eatly and late spring 
1 

migrants revealed that greater seaup exhibited an increased frèquency 

of r~sting and deereased frequencies of feeding, swimming and flying 

in late spring. Frequencies of most behaviours differed between sexes 

during bath time periode. 
. ~ 

Male and female lesser scaup showed increases in resting ~nd ~reening 
---Î 

in late sprin8~ however~ slight lncreases in feeding in late spring were 
, .l 

not signifieant. Dther activities were performed less frequently in 

" late Bpring. Similar ta greater Beaup, frequencies ôf behaviours 

differed between male and female lesser seaup. During the fall, diurnal 

behaviour of greater seaup and lesser Beaup wa~ restricted primari1y to 
1 

resting a~~ pr~ening. Feeding~occurred almost ,entirely' at night. 

Comparisons of body parameters of early and l~te spring birds were 

,made on 35 greater seaup and 51 lesser seaup 'collèeted by shooting., ... 
Greater Bcaup"exhibited a slightly higher mean body we±gnt in late spring. 

~ 

Mean weights of the skin, intestinal fat, abdominal fat and total fat 

~ere larger in late spring. Slight increases in protein weights and" 
, 

fat-free weights were not signifieant. Digestive organs of adu1t greater 

scaup.did ndt change with the ~xception of large intestine length whieh 

decreased in late spring. Sample siz~s of juveniles were small, but 

data suggested an inerease in intestinal size. Mean body weights ôf 
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lesser scaup were higher tn late spring. Increases in fat déposit weights 

were observed but these were only significant for adult males. Higher 
li ' 

, .' protein weigbts in late spring w~re only significant for adult females, 

Jlereas higher mean values for fat-free weight were not signiflcant, ln 
, ' 

any age-sex class. Changes in digestive organ size in le~ser SC8Up 

appeared to be-ltmited to i~creases' in intestinal w~ght. Adult and' , 
juv~nile males of both species exh~bited litt le body molt, wher~as aIl 

females of both species were undergoing bo'dy molt. During t:he faU 
\ 

migrations in 1979 and 1980 body weights were obtaJned from hunter~ 

killed birds.- Weights. of 192 greater scaup and 92 lesser scaup ,were 

measured during both years combinéd. AlI age-sex classe
7
s of greatér 

scaup had higher mean body weights in late fall, -howevei ~ifferences 

were not always significant. No clear pattern of body weight change 
J 

was evident'in lesser scaup. 

Conclusion~'were that stopover afeas such as Lake St. Louis were 
) 

used by migrating scaup to replenish nutrient reserves~ Behaviour appeared 

to be influenced by levels of stored lipids in birds, the ratio of 

males to females and p~ible changes in the ~ood resource. Changes in 
. VI 

digestive organs could not be explained by changes in feeding rates and 
~ 

may be related to protein storage and -functional changes in the gut. 
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INTRODUCTION 

Body weights of migrating dticks have,been reported by ~ny authors 

_ kincluding Bellrose and Hawkins 1947, Nelson and Martin 1953, W~ller 1957, 

Mendall 1958, and Bel1rose 1976). Ducks gain weight during the spring -and 

fa11 as fat is being stored for migration OIe11er 1957, Folk ~~. 1966, 
- ~ ~ 

Owen 1970, Erskine 1971, R~an 1972, Peterson ~nd Ellars~~19!9). During 

the period of·premigratory hyperphagia giant Canada gees~ (Branta canadensis 

maxi~a) exhib~ed large weight gains due to 1ipid and protein storage 

(McLandress and Raveling 1981). WeIler (1957) showed that redhead dûcks 
\ 

(Aythya auiericana) lose lwf!igh t durtng the course of mgr a tian. 'Harris 

(in Fredrickson and Drabney 1979) be1;leves that _waterfow1 use 'stopove'r - .. 
areas to rep1enish reserves. Les~er snow geese (Anser caerulescens 

. ~ 

caerulescens) ~ccumulate nutrients while staging ~t James Bay (Wypkema 
~ -:; 

1 and Ankney 197?). Siegfried (1974) conc1uded that the Delta marsh in 

, 

Manitoba 1s an important feeding and resting area for lesser scaup 

(Aythya affinis) during migrâtion, however he made po attempt to determine 

if the birds were storing nutrtertts. Lipid reserves'acquired before 
4. ~ h 

arrivaI on the breeding grounds have be~ shawn to be important for re~ 

production (Harr s 1970, Krapu 1974, 1981, Ca1ver1yand Boag'1977). During 

the cour,se seems reasonab1e tnat ducks shou1d 

rep1enish the body ii ids ~ed as fuel du ring migratory f1ight. Since 

lipid and protein meta olism are interrelated (Hanson 1962) ,'birds using 
. \ 

stopover areas dur!ng migration should show an increase in bo4y proteins 
il 

concurrent with increasing lipids. 

Siegfried (1974) stated tnat"know1edge of .a species behaviour at a 
p 

given place contributes.a to the 'unaerstanding of the species requirements 
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. 
and tne impor~ance bf that-place. Re~ently \everal etudies have examined 

time-act1vity relations 1n breeding, postbreeding and wintering ducks , . 
(Klima 1966, Folk 1971,'Siegfried 1974, Tamisier 1974, 1976, Dwyer 1975; 

~ ~ 
1 

Miller 1976, Siegfried.!!.!!. 1976a, b, Skead 1977, SeYmour and Titman 

1978, Afton 1979, Stewart and Titman 1980, Titman 1981, Bailey 1982). 

Time-activity s~udies of Aythya during m1gra~ion are limited to Siegfri~~'s 

) (1974) ,,~ork on 1esser scaup as they approached the breed:f.ng grounds. 

Time-activity b~dgets monitored farther from the breedâng grounds' should 
1 ' , 

~ . 
~rov1de greater understanding of the 'use of'stopover areas along migra-

tory routes. 

Greater scaup (A. mari1a) and 1esse; scaup m1grat~ long distances 

be~een wintering and breeding grounds. Greater scaup brled in the western 

aretie in North America and wint~r a10ng the Atlantic and Pacifie coasts, 

the Great Lakes and along the Gulf of Mexico. Lesser scaup breed in 

interior northWestern Nort~ America from central Alaska and weste~ 

Canada north' to the tree lÙDit and east as far as the Laurentian Shie1d, 

south to Minnesota and northeastern California. Wintering areas include 

the At~antic and "Pacifie eoasts, the Gulf of Mexico and extend into Mexico 

and Cent7a,America. More dètailed desc~iptions of the ranges of greater 
~\ 

and 1esser scaup are given by Bel1rose (1976). During the migratory 

_ periods in spring and fall both species use' the St. Lawrence River system 

in 60uthwestern Quebec as a stopover area. The aim of this study wa~ to 

gain an understanding of the importan~ of stopover areas for migrating 

seaup. lt was hypothes~zed that birds using these are as rep1enisb ItPids 

and pro teins spent to power migra tory f1igbt. Over the course of migration 
\ 

high 1eve1s of food in taie should resu1t in' increased·lipid depos1~s and 
. ~ i 

protein reserves and heavier body wé1ghts. protein is stored in digestive 
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". 
organs (Ankney 1977, lCorschgen 1917, Balley 19~2) nd in flight muscles 

(Kendall.!!.!!. 1973). Digestive organ size 1a also related to the level 
. . 

of food consumption (Fenna and Boag 1974, Miller 1975 

1976a, b, Ankney 1977), therefore interpretation of 

organs r~quires information ê)n feeding rate8~. Time spent feeding 

birds uti1izing stopover areas should a1so reflect the qua1ity an 

of the food resource. 
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STUDY!REA 

o , The study was conducted primarily on Lake" St. Louis, Quebec (45 24' 

o N, 13 50' W) which lies at the southwestern end of the i81and of Montreal . " 

(Figure 1). It 18 an enlargement of the St. Lawrence River where it is 

joined Dy waters from the Ottawa River and i8 tnerefore not a true 1ake. 

1 • 
Approximate1y 18 km in 1ength and 10 km at the widést point it 1s 

generally sha11ow. The suhatrate ia principa1ly silt and élay, and 

extensive beds of vegetation lie ~long the south shore and in-the middle 

of the lake. Plant species are numerous and variable but dominant species 

include Potamogeton richardsonii, Vallisneria americana. Anacharis 
1 

canadensis. AliSUla sramineum; MYriophyllum sp1ca tum and Chara spp. 
; 

Bageau and Lévesque (1964) and Gravel and Lévesque (1977) provide a· 

detai1ed description of the aquatic végetation. There 1s a 1~rge human 

• 1 
population (>2,000,000) surrounding,the area, thus recreational use of , 

the water i9 'extremely high. 

The eastern ha If of Lake of Iwo Mountains (450 28' N, 730 58' W) was 
,1 

included during fall hunter bag surveys. This is a long wide basin at 

the 10wer end of the Ottawa River immediately upgtream from Lake St. Louis. 

lt is ahal10w and turbid and lacks the extensive weed beda and heavy 

recreationa1 use of Lake St. Louis. 
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METHODS 

\ 

Censuses 

Aerial ce~sus1ng was eonducted every 7-8 days fr,om 2] March to 10 
" 

May,' 1980, to assess numbers of scaup and to locate areas of use. AlI 

observations were made from a fixed-wing aireraft and the location and 

size of eadh flock was reeorded~'~-puring the fall aerial surveys did not 

prove successful as birds were eontinually moving and often difficult ta 

locate due ta heavy hunting pressure. 

An index of total iall numbèrs was obtained by estimat1ng,the numbers 

of birds observed fl~ing from Lake St. Louis where they fed at night, to 

.Lake of Two Mountains,where they rafted during the day. Counts were made 

at the northwestern shore of Lake St. Louis and weie attempted weekly, 

however successful counts were dependent on weather. Thornburg (19P) 
, 

found that the magnitude of daily ·flights on Keokuk Pool, Iowa, wâs 

directly propo~tional to the population of diving ducks. Sùrveys made 
~ 

by airplane and by poat revealed that large numbers of birds seldom 

remained on Lake St. Louis. during the diurnal period atter the morning r 
ù 

flights were completed. lt was usually impossible to distinguish 

between greater anq lesser scaup bath from the air and during.morning 

f!ight counts so values presented include both species. 

Behaviour 

Activity of unmarked greater and lesser seaup was sampled by con7 
r 

tinuous scanning (Altmann 1974). Observations were made with a spotting 

telescope and the activity of each duck was recorded on cassette tape. . ' 
, 

> Behavioural activities were divided into the following categorie$: 

(1) feeding; (2) resting, including .sleeping; (3) preening, including 



10 

~ 
bathing and comfo~t movements; {4) swl~ln8~ Inc1udlng courtship and 

alert behaviour; and (5) flying. Seans vere made e'very 10>, 15, 20 or 

30 minutes de,pendlng o~ th'e number of birds pre'sent. Scaup were observed 

so that aIl daylight hours were sampled every 2-4 ~ays. Data vere 
" ~ c, 

,pooled"frqm 4 separate locations during the spring ta reduc~bias 

associated vith area related ~~e. Durl~g,the'fall birds vere di~f1cult 
, . 

j 

to obse~e d~e to thair distance from shore and data vere pooled from 

2 locations only. 

l ' 

Condition and Physiology 
.' 

Greater and lesser scaup vere eollected with a shotgun during'thelr 

fall migrations in 1979 and 1980 and durlng thetr spring migration ln 

1980. Birds vere aged by the bursa of ,Fabricius and by Plumag~'Cha~ac­

teristics (Palmer 1976). Birds were dried with paper towe1, weighed 

fresh to 0.5 g and frozen within 1-2 hours in sealed polyethylene bags 

for Iater analyses. 

, 'Ihawed birds were reweigh~d b~t weight lOBS rarely exceeded 1 g.­

Birds were skinned and dissected and ,the following wet weights to 0.01 g 

were taken: (1) unplucked skin includin~ the subcutaneous fat but exclud-
, '~ 

ing wings and feet; (2) breast muscles (pectoralis, supracoracoideus,and 
" " 

,coracobranchial~rom one side; (3) muscles of the femur and tibiotarsus 
"'--.~ '-", . , 

t~C~~~ing these bones fr~_one leg; (4) gizzard; (5) smal~ intestine 

d~~lned at the junction wi~h the gizzard and at the ïliocaecalcolic 
1 

aJi~; (6) large intestine severed ~t the visible junction with the cloaca; 

(7) combinedcecae; (8) abdominal fat deposit; and (9) intestipal mesenteric 

fat. Prior to weighing aIl ,visible fat was removed from muscles and organs. 

Digestive organs were eut along their length, rinsed under running water 

-, ~ 

, ; 
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ta oremove. ingeata, patted dry with paper towel and we1ghed. 

Measurements ta 1.0 mm"were taken of (1) small intestine length; '-, 
~ "-

(2) ~arge intestine length; and (3) combined cecaalength. Care W8S 

taken not to stretch these or~ans during rins~ng aud ~~suring. 

Skins .were scored for contour feather molt using a general:tzed 

p~erylos1s diagram descrlbed in Billard and Humphrey' (1972). This was 
o 

divided into 5 body regions: (1) head and neck; (2) sides and flanks; 
" 

(3) upper breast and upper back; (4) lower breast and belly;,and (5) mid-
, J \ 

back and rump. It was not possible ta distinguish between contour featber 
...\ 

malt 'and down feather molt i~ the head and neck region, therefore this 

region was not included in the scoring. As in Billar4 and Humphrey (1972) 

each reg10n was subdivided ifito amaller units of similar size to facili-

\ . ~ 

The skins were .ferapeêl free of fat and numerical scores indicating 

molt intensity were enFered in~e.ch subdivision. Scores were as follows: 

no molt, 0; light malt, 1; moderate molt, 2; and heavy molt, 3. , 

malt score for each region was ca~culated bY,adding the scores 

8ubdi!i.ri~ions within the reg10n :nd th~ diVi1ng b) ~he ~be~ 
divisions. 'Mean molt scores for the 4 regions were then ~dded 

~ 

The mean 

of the 

of s~-

together to 

give the total mean molt score of each bird. The maximum total mean molt 
, l ,,\ .1 

score for Any skin was 12. Mqlt scoring was done on spring scaup only ~s 

fall sample sizes of who le birds were too small. 

The skin was then'plucked Abd the entire bird excluding the plumage, 
~ 1 

" feet, bill, was ground in a meat grinder and thorough~y ,homogenized in a 

bleoder. Two 20 g samp.1es oJ; e,ach. homogenate were freeze\dried at -50°C ...... 

and 5 microns of pressure to a constan~eight to estimate ~~ter. content • . 
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Dried samples vere finely ground and "shed in anhydrous ether for 18 
" 

hours in a modified Soxhlet apparatus capable of holding 20 samples. 

Samples we1;e dried in a vacuum aven overnight then rewe1ghed to estimate 

l'ipid contant. The non-ether extrac.table residue of the semples vas 
, . \ 

used as a protein index (Raveling 1979) • 

During the fall birds were difficult to collect due to heavy hunti~ . 
pressure so additional data on body weight wëre obtained from hunter-

~ ~ 1 \ 

killed seaup ~ Birds were we1ghed to 5.0 g on a Pesola spring scale.' 

Analyses 

Physiological Jlnd behaviour~ data were ca,tegorized ,into the follow­

ing periods for the purpose of statistical analyses: early spring 

from 23 March to 13 April,for greater seaup and from 23 March ta 
~ 

{'-' 
22 Apdl for l~sser Beaup; late ,spring - fram 14 April to May 1 for', 

greater seaup and from 23 April ta May 1 for lesser seaup; early fall -
ob-

-/,'" 

from 20 September to 24 October for both species; late fall - from \. " 
t 

25 October ta 2 December for both species. Different dates separating 
", 

early from late spring were used for the two ~ecies because greater 
\ 

seaup arrived considerably earlier than lesser scaup. During the fail 
• 

lesser seaup may have arrived earlier than greater scaup (Be11rose 1976), 

but this could not be verified as the first small flocks of early 

arrivaIs were difficult ta locate or identify due to the large area of 

water ~nd heavy boating pressure.' Both greater and lesser scaup were 

seen during'hunter bag checks fram the third week of September unt!l the 
P; 

'beginning of December, therefore the same date was used to sepatate early 

from late fall for both species. 

Behavioural data were compiled and sorted on.an Amdahl VI computer 
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l 'using the Seat1sttcal ~YriB System (Barr et àl. 1979}. ,Cb1:..aquare : 
. ",,' ,,' ,-~ ',,"', ',~ \ 

tests were performed on raw totale to test for differences tu proportioDS 
• - t> 1 "', ,. c '\ _ 

• .. ..' i 

, (S1egel 1950/ To cOIIlpe'b8ate for 1ncrea&ins daylength the,aveli"', number 
.. ~ ~! 

of hoq.rs 'of dayl~sht (~'hour &efor~ s~se to ~ hoUr after suuet). vere ,.. , ,. 
1 \ 1 . ' tr-o. ,,' 

calculatJd. for early and late spring periods. The percentagès 'of b1rds 
\ . . " , 

perform1na the'various activittes dur1ng daylight hours vere mult1~ied 
\ 'Il .---...... {; 

by the avJrag~ number of hours of day11ght to est1mate the meau number 

1 

,1 
1 
1 

! 

\ ' ). 
of hours p~r day spént by each duc:k in eath s.ct1vity •. 

, 

Comparlsons of body parametèrs of earlyalui la te migrants wer. _de 
1 • 

1..' ; , 

for spring and fai"! separatèly aud between years tn the fall vith Il two-
, 1 

ta1led W1lcoxon rank~sum test using the Statts~1cal Analysts System 
J ~ 

(Barr et al. ~979). 
1 1) 
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RESULTS 

Censuses 

Peak numbers of eombined greater and 1esser seaup were observed on 
... 

3 April and 26 April, 1980 (Figure 2). The first peak consisted primari1y 

of greater seaup; the'firsl 1esser scaup were seen on 25 March during 

" behavioura1 observations but it was not unti1 6 April that they were seen 

regularly. Greater scaup were çirst recorded during the third wee~ of 
.... 

March when the iee was beginning to break up on the lake. Both species 

were seen regular1y \nti1 1 May.althougp lesser scaup seemed relatively 

more abundant than grèater scaup towards the end of April. During the 

spr~ng Lake of !WO Mountains was of li~tle importance to diving ducks 

and scaup'were rarely seen there during aerial cepsuses. 

Sex ratios were determined fram observations made-fram shore 

trable 1). The earliest greater ~caup to arrive could not be observed 

as they were limited to ice'-free water far f~m ~hore.· By thrtime they' 
\ 

could be observed great~r scaup haa been on the lake approximately 1 

week and large numbers had arriv~d. Sex ratios of greater scaup favoured 

'males throu~hout ~e spring, however this predominance sbpwed a graduaI 

decrease from late March to mid-April. After beipg lowei initially, a 

similar.patteru of decrease occurred ~ng lesser scaup. 
. , \\ 1\ The largest fa Il concentrations occurred around mi -

years although the 1979 peak was lower and slight1y earlier than ifi.1980 
J 

(Figure 3). Scaup were seen until mid-Deeember 1n '1979 weIL a ter iee 

had formed in bays and along the shores. In 1980 no birds were observed 

after the Urst week in December. 

," 
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Spriug Behaviour 

During 116 hours of observation fram 23 MareIl. to 1 May, 1980, 

30,191 instantaneous t1me-ac,t1vity samples of greater scaup and 15,113 

of 1esser scaup were recorded. , Frequeucies of feed1ng decreased and . 
frequencies of resting increased for bot~male and female greater scaup 

il!' la'te spring (Table 2; ,l<O.Ol). Preening was observed IIlOre f,requentIy 
.! 

in late spring but the, increase was o~y significant for fema1es 

(P.<O.05) •. Sw!mming and flying occurred with decreased f~equency in late 

spring (P<O.Ol). 

More female greater scaup were observed feeding than males in early 

spring (R.<O.05), however no difference wu found iu late spr;ng. Fre-

quencies of resting and preening were greater for females ,than males. 

throughout the spring ~<O.05), whereas the frequency of ~madng was 

Iess for females (P<O~Ol). Females were also observed fly.tng Iess fre­

quently than males but this was ouly significant ill eatly spring o 
(P<O.OI) • 

~ 
Behavioural trends exhibited by -lesser scaup (Table 3) dudng the 

spring migration were similar to those of greater Bcaup. However, both 

" males and females showed increases in resting and preening in late spring 
~ 

" 
(P<O.OI); slight increases in feeding in late spring by both sexes were 

not significant. Other activities were performed less frequently by 
, -

both sexes in late spring (~<O.Ql). Female 1esser scaup were obsel:l'û'ed 

feeding and preening more frequently than males throughout the spring , 
1 

(P<O.OS). Although females were obéerved resting more than,~les in early 
, .~ 

spring (P<O.Ol), no d1fference between sexes occurred in late spring,,,­

Frequencies of s~mming and flying were greater for males than for fe~les 
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in both urly and Iate spring (P<O.Ol). 

Figures 4 through' 7 show the daily pattern of aetivity in 2 hour 

per10ds for 'greater and lesser scaup. " Feeding oci:urred throughout thé. J 
day suggesting that individual b1rds were feeding frequently. Ne strong 

daiIy activ1ty pattern was apparent a1though swimming and flying were 

'most freqùently observed early in the day. , 

Fall Behaviour 
' .. 

Ac tivi t Y patterns of both greater and 1esser scaup were entirely 

A 
lilfferent du ring the fall. TIle birds rafted out in open water during the 

day restricting their activities primar1ly to resting and preening. 
, 

'TWenty-one hours of behavioural observations including a11 hours of day-

11gh t were condue ted from'8 November te 19 November, 1979.. Based on 

45,261 instantaneous observations, 75.6% of the birds were ob~eryed resting 

and 21.0% preening. Only 4 indi vidu~~~ w~re seen feeding. Due to the .' 
" 

distance of the birds fr~m shore, scaup cou1d not be 1dentified as to 

speeies, sex, or agé. The pereenta~es given are based o~ aIl scaup with 

greater seaup ftjrm1ng the largest proportion. The largest daytime con-
, , 
èentrations of scaup oc(!urred on Lake of Two Mountàins. Occasionally 

rafts,of seaup were seen on Lake St. Louis, however hunter harassment and 

even the sound of a distant outboJrd mo,tor would often c~use these birds .., 

t.o fly to Lake of !WO Mountains. Approximately one hour before sunset 
. 

scaup would start to become restléss, sw1mming alertly then f~ying off 
i ' 

to the feed1ng areas in Lake St. Louis. This behaviour lasted until 
. , 

darkness with most b:lrds flying between sunset and d~rkness. In the 

morning flocks of scaup would lift off the feeding aress and fly back to 

the resting areas. The morning flights would usually begin at first 

l, 
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light and continue unt;t1 approximate1y 1-2 hours after sunrise~ Thel 

t1~g and duration of _~e.morning fligh'ts o,ften ~pfp~red ~~: ~e influenced 

by the huntillg pressure on Lake St. Louis. The sight and sound of motor-

boa ts and oecasional chasing oy hunters would resul t ~~, --êarl1er f11gh ts i 

and reduced duration of the morning flight période . During late faU when 
" " ... -.,..,-

hunting pressure was very l1ght scaup often remained aU day on Lake 

• 
St. Louis. 

Condition and Physiology 

Comparisons of 'body parameters of early ana late spring greater seaup , 

are pre~ented in Table 4. Jss efforts were concentrated on collecting 

adult males sample sizes for other age-sex classes are small. Statisti.!!,81 

cODlpaf.isons were therefore limi ted to adul t males. Mean body weight of 

(1 • 

adul t males was· higher in late spring than early spring but this difference 

was not sign:1.ficant (P=O.lO). Adult females and juveniles of both sexes 

showed similar trends. Breast muscle weights and leg weights showed no , 

change over "the spring. Mean values çf gizzard wei~ht, smal~ intestine 

length, small intestine weight, large intestine weight and combined caecae 

weight did not diffe~r significantly between e~rly and late spring for 

-, adult males, whereas larg"h intestine lengths were sho~ter in late spring 
"\ 

(~<O .91). Adult female gre;ter scaup showed si~ilar organ measur~ents. 

Sample siies of Juveniles are small but the data suggest a possible in-

crease in size of the intestines, particularly smal! intestine length. 

Large intestine length did not appear to decrease over spring. Mean 

weights of the skin, intestinal fat, abdominal fat and total fat were 
, , 

larger in late spring fol' all·greatel' scaup. These- d.ifferencèSWin:-e-~ ~ 

significant for adult males Œ50.05). Slight increases in protein weights 

1 • 
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and fat-free we1gbts were not significant. 

Body length :l:s highly correlated with fat~free weight in adult 

"" 1t. 'I B greater scaup a~sser scaup (Chappell 1982). Body weight was adjusted 

by body length to provide an index' of l1p:td reserves to compare males 

and females w:tthin a spec:l.es. -Early sPr1llS male_and female adult great,pr 

scaup could not De compared due to an insuffieient sample size of females, . . 

however a comParison of indicelf of Iate spring males and fema],.es, revealed 
i 

no stati'stical d:l:fference (Table 5). 

Body weights of mgrant lesser seaup were significa~tly hi'gber 

(P<O.05) in iate spring than early spring for adult males and females and 
- ~ d 

juvenile 'males 'Table 6). No juvenile females were ootained in early 
,-

spdng however the hfgh body weight of the single late spring bird agreed 
e 

with the above findings. Breast muscle weights 'were heavier in late 

spring but this increase was only significant for adult and juvenile 

males (P<O.05). Leg weigh~s did not change over the spring. Early and 

late spr1 adult male~s did not differ sign1ficantly in gizzard ~eight, 

smaii ana large 1ntest~gths, or comb:i.ned caecae ~e.ight and length. 

Increases were ooserved in the weights of the small and large intestines 

in late spring (!<O .01). Adult females exhibited similar trends; amall 

intestine weight wl)S greater in lat,~ spring (!<O.OS) and a largér mean . 

weight was obtained for the large intestine in Iate spring but this was 

not statistically sipificant. Other digestive organs did not diffe!' 

between eat'ly and Iate sp!'ing for adult females although large intestine 

length appeared to be slightly greUater in 1ater spring. No statistical 

d1fferenees were foujd between digestive organ weights of juveniles in 

early and late spring although non-significant changes in thé gut w~re 

similar to tqose of adults. The weights of the skin, abdominal and , 
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intestinal fat deposits and total fat were gr~ater spring adul t 

males (P < 0.05) • Increases in these! parameters ~ere 0 

fema~es and Juvenile males but they were not signifi Weights of 

wel.'la fat deposits and total fat of late spring Juvenile 

. similar to those of juvenlle males collected in t ~ 
same time periode 

Fat-free weights and protein weights of adult males had higher mean 

values in la te sprins. but differences were not significant. Adult females 

showed a' slight increase in fat-free weight (P = 0.08) and a significant 

increase in protein weight (P < 0.05). No difference in fat-free weights 

of Juvenile males was observed, however protein weignt increased slightly 

<.~<0.07). 

Comparisons of lipid reserves of adult males and fema1es were made 

b~ adjusting body weight by body length (Table 7). No signific~t dif-

ferences w~re found between sexes in either early or late spring. 
, 

Body weights of greater and lesser scaup obtained during fall 

migration in 1979 and 1980 are presented in Tables 8 and 9. AlI age-sex 

c'lasses of greater scaup 'had higher' mean body, weights in late faH than in 

early fall, but differences were only significant for adult males and 

j uvenile females in 1979 (! < 0.01) • A certain amount of variation between 

yea.rs was indicated by differences in mean body weights of early fall 4 

. 
adult males in 1979 and 1980, and similarly in early faH Juvenile fe-' 

males (!<0.05). 

Body weights of adult male lesser scaup were not signifi~antly 

different between early and late fall birds. Sample sizes of females 

were too small to compare statistically but data from both years 

indicate weight increases during 't~~r stay on Lake St. Louis. Body 
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weight'increases were significant for 1980 Juveniles of bath sexes 

(P < 0.05), however in 1979 mean body "weights of early and iate f.aU 

Juveniles did not differ. 

Contour Feather Malt 

20 

During spring 1980 adll1t and Juvenile males of bath species exhibited . 
• 

Of little molt with most individuals not molting at aIl (Table 10). 

7 adult male greater 13caup scored in early spring only one showed light ) 

molto Late spring adult males ~nd Juvenile males throughout the spring 

showed no evidence of contour feather molt. All adult and Juvenile 
'f$l 

female greater scaup were undergoing body molt in early and late spring. 

Generally _malt was observed in a11 body regions (Table Il). 

Molt score patterns of lesser scaup were similar ta those of 

greater scaup (Table 10). Of 13 early spring adult males scored, only 

1 was molting lightly,' and only 2 ,of 18 late spring adult males showed 

signs of malt. Similarly, of ~i~ Juvenile males score~ throughout the 

spring, only l was molting. AIl adult and Juvenile females were molting 

durin~ both spring periods. Most females exhibited contour feather 

malt !h a11 body regions (Table 12). 
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\ DISCUSSION 

Behaviour 

G~eate~aup arriving on Lake St. ~uis in early spring spend over 

25% of dayligh 

feeding during 

fee~~-A significant
y 
decrease in time spent 

portion of spring passage may be due to severa1 

~auses.. The first greater scaup arrive when the lake fs still partially 

ice cove,red; therefore certain areas are not accessible and birds may 

have ,to spend more time foraging in poorer quality habitats. Time spent 

feeding will be greater if birds are forced to ~eed in deeper water 

(Nilsson 1970a, b) or if food items are less abundant (Owen 1972). Food 
- j . 

intake and therefore time spent feeding will increase if food quality 
" 

decreases (Hill and Dansky 1954, McDonald et al. '1973, Miller 1975). 
, . / 

Greater seaup often began to utilize areas of'Lake St. Louis as the iee 

broke up, partieular1y she1tered bays and shorelines. Although many areas 

were used by e~rly and lata spring birds, some areas were used in late 

spring that eould not be used in early spring. Iee rema1ned in shèltered 

bays used by the birds until the end of the tirat week of April. lt is 

possible that the food ~esouree improved qualitat1vely and quantitative1y 

aa additiona1 areaa became iee-free. The disappearance of the iee and 

the inerease ln day1ength over the period of migra tion may have allowed 

for inereased vegetative growth. An eva1uation of food habits whieh wou1d 

answer the questiqns posed above was not possible sinee very few biFds 

had food. in the esophagus when ahot. 

Folk (1971) suggested that the tufted duck (Aythya fuligu1a) must , 

devote most of its time to foraging in'ear1y spring as a reau1t of short 

~aYleng~ ","d ~~t~e:~ailable food. 

\ ~/ ~',,--
Al though the average day1ength was 

~\~ 
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1.1 hours longer in Iate spring, the average amount of time spent feed,ing 

diurnal1y by greater scaup was still less than in early spring (Table 2). 

If birds were feeding at night as well as during tbe day then increasing 

daylength may bave had litt1e effect on diurnal feeding rates; Scaup 

shot in the ear1y moming generally had no food in their s tomachs but l 

do not know if ~ey were nocturna1ly active. Attempts to observe bit;d' on 

moonlit nights were unsuccessful due to the distance of birds from shore. 

Klima (1966) found tbat diurnal and nocturnal activity did not differ for 

.the European pochard (Aythya ferina). Canvasbac1ts (!. valisineria) were <'J -

observed to be active on moonlit nights during the spring on Delta marsh , 

(Hochbaum 1944) • Contrary to this, Folk (1911) found the tufted duck 

> (!. fuligula) showed marked diurnal feeding versus nocturnal resting. 

Ni1sson (1970b) has shown that scaup, presumab1y the old wor1d sUDspecies 

A. m. madIa, are primarily nocturnal during the faIl and winter, showing 
""T""" -. 'J 

e '" 
increased diurnal fe.&ding bebflv:iour during the spring montbs. Simi1ar 

behavioura1 trend,s were observed for tufted ducks and pochards in the;" 

same study. 

A change in ambient temperature may affect the calorie requirements 

of birds (Smith and Prince 1913) and therefore feéding intensity (Nllsson 

1970b, Hickey 1980). The mean dai1y temperatures during ear1y and late 

-0 0 ' s-pring in the present study were 5.1 and 7.1 , respectively. Applying' 

the mean body weights of male greater. scaup (Table 4) to the equation 

provi~ed by Kehdeigh .!.!!l. (1977), TIc - 41.17 W -O:1809±1.382, the 

o 
lower control temperature ls calcu1ated as approximately 13 . 

• As mean temperatures and especially nightly 10w temperatures were below 

the zone of thermJ-neu tràll ty, the warmer tempera tures in la te spring 

May have influenced the decreased feeding rates observed. 

• i 
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P~esumab1y the main factor contributing to decreased feeding id 

1ate spring is that 11pid stores had approached capacity in a large 

number of birds. Once lipid reserves have been rep1enished, food 

consumption and time spent feeding should decrease. Lepkovsky (1973) 

has shown that.food intake is regulated by the s~ze of fat deposits. 

Female gréater scaup were observ~d feeding more frequently than 

males in ear1y spring but not in late spring. Sex ratios show that many , 

fema1es tend to arrive som~what,later in the spring compared to males. 

If arriving birds spend more time feeding that those which have had 

sorne time to replenish lipid reserves, then higher feeding rates for 

fema1es shou1d be observed . 

. In eontraBt w1th greater, seaup J iesser scaup, showed no significant 

changes in feeding rates over the spring. Lesser scaup tend to ,f1y short 

distances between stopover areas during spring migration (Bellrose 1976), 

therefore. birds arriving at Lake St. Louis should still have sizable 
\ 

1ipid reserves. Little is known of the migratory habits of greater 

seaup, however their prefereQee for 1arger waters (Bent 1923, Kortright 
« 

1942) may require longer flights between stopovers and the use of more 

stored energy than 1esser scaup. A1though both greater and lesser seau!, 

showed increases in body lipids, greater seaup eou1d not be co11ected 

for the first two weeks after arriva1 and therefore had ample time to 
" . 

replenish reserves. (Early arriva1s probab1y we1ghed considerab1y 1ess 

than indicated in Table 4, necessitating a high feeding rate to replenish 

reserves used during migratory f1ight. 

Femal:e lesser seaup were observed feeding more than males throughout 
J 

the spring passage; these resu1ts agree with the work of Siegfried (1974). 
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Observations of pre-territorial and pre-ne~ting spring dabbling ducks 

have shawn that f~males feed more than males (Seymour and Titman 1978, 
J 

AftOn 1979, Dwyer et al. 1979, Stewart and Titman 1980). Cadwalls - --
(Anas strepera) arriving on the breeding ground~showed no sex-related 

differences !~ feeding rates unt!l the'pre-nesting stage (Dwyer 1975). 

'WeIler (1957) found that female redheads showed rapid increases in 

weight upon arrivaI to the breeding ~rounds due to intensive feeding. 

The importance of lipid reserves acquired prior,to arrivaI on the breeding 

grounds for dabbling ducks has been discussed by Harris (1970), Krapu (1974, 

1981) and Calverlyand Boag (1977). The fact that female greater 
~ 

scaup did not show a slgnificantly higher feedlng rate than males in 

late spring as seen in 1esser scaup May be related to proximity to the, 

breeding grounds. Lesser scaup migrating through ~s area are closer 
, ":{ 

to their breeding grounds tban are the majority of greater scaup (Bellrose 
. , 

1976), and the need for 11pid reserves for nesting may be of increasing 

importance for the former. 

Female lesser scaup migrating through Delta marsh, Manitoba, in the 

southern portion of the breeding range spena 35% of their time feeding 

(Siegfried 1974). This is twice the Ume spent feeding by females, at 

Lake St. Louis, suggesting increased feeding as nesting approaches. Males 

at Delta spent approximately the same amount of time feeding as mates at 

Lake St. Louis. 

Mo~t 18 an energy demanding function (Klng 1974) and may in part 

influence the higher feeding rates observed for fema1es than males of 

both species. Also, since feathers ha~e a,hlgher concentration of sul­

phur-containing amino acids than do plant or animal foods, an increase in 
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food Intake ls requi~ed (Kendelgh .!S.!!,. 1977) ... Less efflcient Insulatlve 

properties of the plumage during the molt should result in females re-
• \ < 

qulring more energy.for thermor~~lation. This would be most pronouneed 
/ ~. 

in early spring when air and water temperatures were colder. Also as 
, 

new feathers develop.the insulative properties of the'plumage will improve 
~ 

eompared to early stages of molto Although female greater seaup ex~bited 

higher malt sc~res than males in late spring, no significant difference in 

feeding rates was observed between sexes during that time. Energy re-

quired for mo1t may have been made available by reductions in other energy 

demanding activities as suggested by Ankney (1979) and Prince (1979). 

Increased daylength was assoeiated with inereased resting on the 

feeding grounds by white fronted geese (Anser albifrons fronta1is)(Owen 
, 

1972). Inereases in the average number of hours spent resting in late 

spring by both speeies were greater than increases in day1ight· hours. 

Folk (1971) eonsidered that time spent resting by the tufted duek was 

inversely re1ated to the time spe.nt fotaging", Contrary to this, time 

spent resting by lesser ~caup increased significantly in late spring 

a1though time spent feeding did not decrease suggesting that tim~ spent 

resting may be inversely related to other activities. 
\ 

McKinney (1965) has hypothesized that interna1 stimuli, such as a 

fU1\ crop, reduce the tendency to feed a1lowing other tendencies to be 

expressed. Comfor~ movements generally follow feeding in waterfow1 

(McKinney 1965, Ni1sson 1974, Siegfried ~974). Time spent preening was 

greater in la te spring than ~ar1y spting for both spec1es of Bcaup, how-

ever time spent feeding in late spring decreased for greater seaup but 
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q 

not for 1esser "scaup. This would suggest that t~ spent feeding and 

Ume spenrpreening are not directly related to eàch other. The fact 

that tfema~e ireàter and lesser 8C~Up preened more than males throughout 

the spring 18 a reflection of heavier body feather malt in females 

(Table 10) •. Heavier malt in female greater scaup during Marc~ and April' 

has also been demonstrated bY Billard and Humphrey (:1.972). Siegfried 

t. -
(1974) a1so found t~at during spring migration lD81e lesser rscaup spent 

1ess tilDe preening than females. 

Active sw1mm1ng by waterfQwl may be due to diBturbance~ searching 

for food~ seeking a potential mate or engaging in courtship. In prepa­

ration for n.ight scaup sw!m in the direction of take-off while per-
o • 

forming chin-lifting (Johnsgard 1965). Resting and feeding birds were 

freqùontly carded .~fr ... a flock by the cuttent and would pedodiully' 

swim back. Decreases in frequencies of swimming by greater and lesser 

scaup in late spring may be ~nfluenced by the lower number o~ unpaired 

males present. The result should have been that fewer males "vere 

searching for and competing for mates and females thus spent less time 

avoiding unpaired males. Siegfried (1974) found that courtship behaviour 

by lesser scaup was normally initiated by unpaired males. More 

Ume speqJ: iii courtship by unpaired birds was als-o observed in ring-

necked ducks (Aythya collads) by Mendall (1958). Courtship by greater 

and lesser scaup was occasiona!ly performed br pairs but was most fre­

quently observed in courtship groups consisting of 1 or 2 females and 
o 

severa! males. Often birds would dive in unison"or make occasional 

courtship flights, but most activity consisted of swimming and displaying. 
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D:1splays:- are dèacrifled Dy Jobnsgl;lt'a (1965). Pre-flight swimm:l.ng a1so 

decreased as a result of less t:bœ spent flying in late spr:tng. i 

Estimating the a'munt of daylight spent f1ying is extremely difficult 

l " 

as blrds disappear from sight and are no longer iDc1uded in further be-

havioural;. observations. Understanding trends in the SDIOunt of flying 

done la important, particularly in constructing ener-gy budgets, as fl1ght 
, 

is the 1IIOst metabol1cally expensive activity that ducks engag~ tn (Wooley 

and OWen 1978). Great~:r and lesser scaup showed s1gn~f1cant decreases 

. in time spent flying ,in late sprlng. As bir~ become fa1l1illaj- wi-th the 

lak~ 1ess time is required to seek feeding and re~ting areas ~ 

spent flying~sbould decrease. The fact that more males were (o~ 

fIying than feules throughout the spring la 1ikely because unpaired males 

were seeking potential mates. Siegfried (1974) a1so fot.md that unpaired 

{ '. male lesser scaup spent more time flying than paired males, or females. 

In the present study it was generally imp08sib~ to distinguish between~ 

paired and unpair~d males, howeve'r single males and small groups of males 

were frequently observed flying without accoDlPanying females. 

Nocturna1 feeding habits of ducks during the fall and win ter have been 

noted for severai species (OWen 1910, Nilsson .1970b" Thornburg 1973, 

Tamisier 1974, 1976). Tamisier (1970" 1974) suggested that diurnal gre­

gariousness and 'nocturnal feeding by CODllOOn teal- (Anas creeeS. crecea) ia 

primarily an adaptation to pred~~ion pressure fac:tl!tated by other factolTs. 

Contrary to th~s Thornburg (1973) feels that diving ducks adapt to 

hunting disturbance by deviating fram typica1 patterns of di.urnal activity. 

Mal.lards have been shown to change feeding routines in response to hunting 
,\ , 

, 
(Gi.rard 1941). Increased nighttime feeding in response ta hunting is 
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dso seen in geese _ (Owen 1972, Newton and Campbell 1973). Hunting and 

recreational activity on Lake St. Louis did frequently influence the 

timing and magnitude of diving duck f11ghts, but increased diurnal ac-

tivity did not océur as human disturbance decreased late in the faU. 

However, as Owen (1972) has pointed out in the caselof -geese, not oo1y 
, -

actual disturoance but also the tradition of disturbance in an area'will 

influence behaviour: 

Condition and Phy~i~logy 

Weight gain by migrant birds in the fom of atored l1pid reserves ia 

aécomplished by active hyperphagia (King 197~). There are two distinct 

sourêes of lipids for storage: absorption of lipids in foods from the .. 
intestinal tract and aynthesis from: nqn-lipid compounds (Griminger 1976). 

t#": 
" Once lipid stores approach al~articu1ar maximum it ia necessary to reduce 

food i~ake unless an increase in energy output occurs. Excessive 

resèrves ar~ maladaptive as they are Jjbtained at the expense of the . , 
environment, increase ~he risk of'predation and are metabo1ically ex-

pensive t~ maintain (Helms 1968~. As'lipid stores increase bulk and 

qenèe--drag of the' body in flight increases resulting in a decreased 
,/ 

effective lift:drag ratio (PennYcuickl969). This <i~ obviously a con-

sideration for long distance migrants. 

Greater sc;aup g~ined weight' and increased fat reserves OVE!r the 

spring migratory period. Th,€ fact that weight iocreases in la te spring 

o • by greater scaup were not s1gnificant may suggest that maximum reserv~ 
." "~ 

levels were aiready~being approached by a large proportion of individuals­
f 

in the early sp.ring period. Less time spent feeding in lat!! spring dso 

suggests this. Mean body weights of late spring greater scaup (Table 4) , 

.- -
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are high.er than 1DOst provided in the 1iterature for migrating or wintering 

birds (Nelson and Martin 1953, Ryan 1972, Jobnsgard 1975; Palmer 1976, 

Bel1rose 1976). Large increases in mean body, weight would therefore seem 

unlikely. A s1:811if1cant difference between body weights of early and 

!ste spring greater scaup might have b~en found if birds could have been 

collected when' the 1ce bêgan to break. up and the earl1est arrivaIs were 

seen on Lake St. Louis. These birds started to arrive approximately 

2 weeks before collee ting cou1d he s tarted and tnerefore had Ume to 

bui1d up 1ipid reserves. 

Mean protein and fat-free weigh.ts were not significantly higher in 

1ate spring male greater scaup, a1though slightly higher values in late 

spring birds, ,especia1ly adult fema1es and juveniles, suggested some 

protein storage W8S occurrlng. Fry.!:! al. (1970) have shawn that fa~-free 

weights .increased during the first few days of pre-migratory hyperphagia. 

Significant changes in protein and fat-free weight in greater scaup may 

have been ebtained if DIOre early arriva1s had been collected. Pro teins 

stored prier to and during migration may be used during periods of 

migrating flight when dietary intake of carbohydrates cannot supply the 

oxa1acetate required for fat metabolism. Hanson (1962) states that a 

bird cannot use its fat deposits during migration or during periode of 

starvatlon without a simultanec>us use- of body protein. Peterson and 

Ellarson (1979) found that 1ipid and protein levels fluctuated together 

in wintering oldsquaw (C1angula hyema1is). Scaup, arriving at Lake 
( 

St. Louis have used fat reserves to fuel migratory flight and in the 

p~oce88 have presumably drawn on protein stores. As fat reserves are 
, 

replenished during the stopover, proteins ~pent on fat metabolism must 
\ 
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As well as increases of stored fat, lesser scaup exhibited higher 

~r~:ein and fat-free weights in ~ate spr1ng. Increasès may in part be 

explained by the 1arser size of bresst muscles and some digestive organs. 

Heavier breast muscle~ may refle~t use during migra tory flight, sug­

gesting that birds arriving later in the spring may have f10wn a longer 

distance than ear1ie~ arrivaIs. Breast muscles may be major storage 

organs for prote'1,n needed to metabol1zé l1pids during migratory fl1ght. 

Kendall .!! al. (1973) have shown that pr~tein from the breast muscles of 

Queles quelea 1s labile and used else~ere: Increased lipid content of 

the breast will occur as body.lipids are ~tored, however data from· 
-

Ravellng(l979) sh~ that changes in lipid content can account for only 

part of changes in the !"eight of the entire breast. 

'lhe 'distance that ~Ou1d~e f~own"'by late spring greater scaup can 

be calculated. Applying the mean body weight of é!.dult males. in late 

spring ta 1;11e equation provided by Owen and Reinecke (1979'), basal meta-

bolic rate (BMR) is calculated as: 

BMR - 75 (1.114)°·72 - 81.06 kcal day-l 

Mult1plying this value by 12.5, the multiple of BMR expended ~uring f11ght 

(Wooley and Owen 1978), the cast of nonstop f1ying Is calculated as 

-1 approximately 1013.3 kca1 clay • To determine the kcals available in 

stored lipids, tota~able fat weight 1s multiplied by 9.1 kcal g-l, 

the caloric density of fat stored by migratory'birds (Jonnston 1970). 

Griminger (1976) states that even at the time of starvation to death a 

small percentase of body we1ght is made up of fat, therefore total fat 

weight do es not equal the weight of fat available ~or metabo11sm • 
. 

Wishart (1979) has shown that total l1pids in starved Amer1can w1geon " , 
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'(Anas americana) are less than 1% of body weight at death. Starvation 

weights of male greater scaup are not known but presumab1y are in tbe 

are a of 800 8; therefore the weight of total lipids at death would be­

• 
~pprox1mately 3 g. The mean weight of available stored lipids would 

then be 200 g which will provide 1820 Kcal of energy, enough for 1.8 

days ,of nonstop flying. As waterfowl m1gra~e at an average speed of 80 

-1 ' 
km hr (Bellrose 1976) the average nonstop distance late spring male 

8r~ater scaup can f1y is approximately 3500 km. Thè distance to major 

breeding areas from Lake St. Louis 1s 4000 km or more (Be11rose 1976). 

Although some birds could possib1y fly nonstop to the breeding g~ounds 

they would arrive exhausted of ,lipid store'S and would possibly be 1n-

capable of reproduction. However, JOOst b1rds would not be able to f1y 

the distance to the breedi~g grounds. These distances are based on a 

1 -1,-' 
calorie dénsity of st01l'ed-lipids of 9.1 kcal g based on burn1ng. The 

actual energy e.vailable to a bird during lipid metabol1sm may be lower; 

therefore the distances calculated above may be an excess of what could 

be attained. 

Q 
Applying the same logic to late spring male lesser scaup a value of 

-1 
832.5 keal day is obtained for flight, and 1490 kcal is the energy 

available from stored lipids. Late spring male lesser scaup can there-

fore fly nonstop for approximately 1.8 days and for a distance of 3500 

km, similar to that calculated !or greater scaup. Major br'eeding areas 

" 
begin less than 2000 km from Lake St. Louis, although important breeding 

grounds ill Alaska and the Northwest Territories are still farther than 

could be reached by tb~ majority of less-er {caup. Early spring male 

lesser scaup could on average fly 1.3 days and cover a distance of 2500 

- .- '.~--:-"{1t-=_,,,,,_., -..-_ ... ' ......... _!"' .... ----

1 



C) 

- " 

(--\ 
't' 

32 

km. Raving reached the breeding grounds in Manitoba o~ Saskatchewan, 

lip1d stores would be depleted. The importance of stopover~àrea8 to 
~ , . ~, 

greater and lesser scaup for replenishing spent body lipide is therefo~, 
~ 

evident. 

The number of days'required ta replenish endogenous lipid reserves 

for ~gratory waterfow1 weighing 1100 g has been calculated.by 

.A 
Fredrickson and Drobn~ (1979) for various, distances flown and calorie 

intakes. The amaunt of time needed to replenish reserves will be affected 
, 

°by several factors such as the condition of birds arriving. the quality 

~nd. quantity of the fa pd resources at the stopover area and weather. 

The average duration of stay by scaup on Lake St. Louis was not deter-

mined. 

Several studies on gal1inaceous bird~ have shawn that the size of 

digestive organs is influenced by diet quality (Leopold 1953, Lewin 

1963, MOss 1972, 1974, Pendergast and Boag 1973).' More recent works 

have indicated that changes in the gut are-more 1ike1y the result of 

changes in food consumptiori, which may vary in response to diet qua1ity 

(Fenna and Boag 1974, Mi~ler 1975, Savory and Gent1e 1976a, b). Ankney 

(1977) has shawn that changes in feeding activ!ty by lesser snow geese 

,(~ caeru1escens caeru1escens) are positively correldted with changes 

in the average size of digestive organs. As migrating birds are con-

stant1y faced with varying habitat and food resources, changes in the 

gut should be made to rap1dly accommoda te Fhanges in food i~take and 

quality. Miller (1975) showed that malrards changing from a low fibre 
(' 

to a hi3h fibre die( exhipited increases in digestive organ size 

withi,n 3 weeks. 
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Although a decrease in feeding rates by gr~ater scaup was observed 
'-"'" 

in late spring,o~y' large intestine 1ength showed a significant decrease: 

In redheads (Aytnya americana) large intestine !enàth and weight show 

strong curvilinear correlations with seasona! feeding patterns, whereas 

gizzard weight, and small intestine and caecum weights and lengths ar~ 

no~ signif1cant1y correlated (Ba11ey 1982).' The equation pred1cting large 

intestine length in redheads fram time spent feeding (Bai1ey,1982) was 

applied to data for greater scaup. Ca1culated large intestine lengths 

for adult males in ear1y and 1ate·spring are 91.6 mm and 84.7 mm respec-
i , 

tively. Observed values were 92.0 mm and 84.1 mm. Predicted values 
o 

, 
for adult females are 93.2 mm and 82.8 mm; observed values were 93.0 mm 

and 85.3 mm. 
) 

The fact that the wetght of the large intest1ne d1d not appear to 

respond to feeding rates is difficult to explain. Several authors have 

shown that ~igestive organs may be used for protein storage (Ankney 1977, 

Korschgen 1977, Ba1ley 1982). Protein from thé walls of the intestine 

'may have been tiSed to supply needs for l1pid cat~olism resulting in 

intestinàl weight 10ss during migration prior to arrivaI at Lake St. Louis. 

Increases in intestinal ~ight ~y have occurrer shortly after arrivaI in 

the earliest part of the spr,ing before l was abte to obtain samples. If 

the intestines are being used as a protein reserve for migra tory flight 

then the weight should not respond to changes in food intake and should 

not decreàse as the frequency of feeding decrease~. 

Sample sizes of juveniles are small, however slightly higher mean 

values for intestinal weights and lengths suggest that food intake may 
~ 

not necessarily parallel that of adults. Differences in chronology of 

migration and in behaviJu~will affeCt~me spent ~eeding and food Intake. 
/ . 
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Studiès deating with the gut have primarily used length as the 

measurement of change (Lewin 1963 .. Moss 1.972, 1974, Pender8!lst and Boag 
1 -

1973, Savory and Gentle 1976a, b, Ankney 19,7,.7). Miller (1975) found tbat 
. 

the weight of the gut was influenced by' dietary fibre and increased con-

currently with length. Late spring adult 1esser scaup exhibited large 

gains in small and large intestine weight w:l.thout concurrent changes 'in 
. . .J 

length. ' The lack of change in large intestine length. agrees with the 

simi1ar feeding rates observed in ear1y and late ~g. The weight 

measures do not seem to b~ related to feeding rates, suggesting that 

protein was being stored in th~ intestines ta replace what W8S used for 

the degradat10n of 1ipids during migra tory flignt. 

Lewin (1963) found that the intestinal villi of Cal1fornia quai! 

(Lophortyx ea1ifornicus) lengthened in response to low qua1ity ~ulky 

foods, wh1eh wou1d presumably result in a higher intestinal weight. How-
". 

~ver increases in villi length were '~ccompanied by longer small and large 

intesdnes and longer cacae. Lesser scaup showed a higher 'weight:1ength 

ratio in the intestines suggesting enhanced efficiency.· Breitenbach 
1 

~ al. (1963) found that pbeasants 1Phasianus ·co1ehicus) on a protein 

restr1cted diet showed an increase in ~ma11 intestine weight, presumably 

to enhance protein up~ake from àvai1ab1e food. Increases in protein 

weigbt and breast muscle weight may have required enhaneed protein up-

take by the intestines. Inereases 1n protein over the spring occurring 
1 

concurrent1y with intestinal weight increases may also suggest protein 

storage in t~ese digestive organs. The faet that giz~ard we1ght does not 

change along with the weights of tbe intestines is puzzling as this organ 
1-

1s be1ieved to' be a protein reserve (Ankney 1977, Korscbgen 1977, Bailey 
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1982) • Digestive ouan measurements taken on the wintering grounds before 
1 . 
J and during prem1gratory hyperphagiaiwith concurrent 1IlOnitoring of feeding 

, ' 
rates would provide more inslght into changes in the digestive organs. 

Measurements of food consump,tion would provid~ lOOre reliable data to 
.. 

explain changes tn digestive organ size. Time spent feeding may increase 
l 

if 10wer quality foods are consumed. Gadwa11s exhio.ited incr~ases in 

time spent feeding concurrent with declines in most gut measurements, 

indicating that feeding activity reflected a change in diet and can not 

entire1y exprain changes in gut size (Paulus 1982). Although food con-

sumptidn can be monitored for captive birds such information is difficult 

°to obtain for free living birds. 

The use ~f stopover areaa aucn as Lake St. Louis for nutrient re-

plenishment by greater scaup migrating in the fall is indicated by heavier 

body weights in late season individuals, althobgh certain variation be-

tween years was indicated. Contrary to th1s body weighe increases in 
Il 

, 
lesser scaup did not always occur over the fal1. Distances between stop-

over areas may be shorter in the fal1 resulting in less weight 1088 

between stops. Body weights of early fall adu1t males in 1980 indicated 

that fat and protein reserves had already been replenished in many birds. 

lt is not possible to say whether these birds had arrived here fat or if 

increases in weight occurred during the stopover at Lake St. Loui~. 

Sim1lar1y body weights of ear1y and 1ate fal1 juvenile 1esser scaup were 

not different from each other in 1979. Mean body weights over 700 g' 

indicate that many early juveniles had already estab1ished substantia1 

reserves in early fall. An e~amination of rŒW da~a reveals that 
- . - in the 

late fall period of 1979 there were many low weight birds, which were 
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presumably late arrivaIs. The variation in body weigh~s is indicâted 
. 

by the high standard errors associated *ith them (Table 9). A later 

migration~by!some birds may indicate regional differences in time of 

nesting or May be weather-rel~ted. 

Contour Feather Malt 

'The extent of molt in grea~er scaup generally agrees with the resalts 

of Billard and Humphrey (1972). The majority of both adult and Juvenile 

'" 
males appear to have completed the pre-alterqate molt by the time the 

spring migration is underway. Billard and Humphrey (1972) found that 

20% of Juvenile males were still exhibiting light molt whereas in the 

present study no molt was observed in this age-sex class. The exclusion / 

of the scapulohumeral feather tracts in the present study May have con-
t\· , 

tribured to this discrepancy, however l would ekpect that the main,~eason 
!. " 

Is that the majorlty of Billard and Humphrey's (1972) samples were 

collected in Connëcticut. Birds from that area would not be as advanced 

into the spring migration and many may not have evep begun the northward 

journey. 

Results of the present study and those of Billard and Humphrey (1972) 

indicate that the majority of female greater and lesser scaup are weIl 

into the pre-basic malt during the'~~~ration and that these 2 

energy demanding events are not separated in time. Overlaps of energy 

demandlng events may be attributed ~ pressures of time or shortages of 

~nergy (King 1974). Although molt Is consldered an energy demanding 

function (Billard and Humphrey 1972, King 1974) it is occurring during 

another energy demanding event, namely migration, and during a périod of 
, 

nutrient storage. There 18 obviously no nutrition~l stress on females at f 
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this tille. llowever, increased food intake or adjustments in t1me-activity 

budgets ma~e necessary for molt and migration to occur s1mu1taneoualy. 
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CONCLUSIONS 
.J 

-Grea ter and lesser scaup are utilizing ~topover areas such as Lake 

St. Loûis as feeding and resting areaa dur~ng the course of migration. 

Changes in behav10ur over ,the migratory period appear to be influénced 

by levels of stored lipids in the birds, the ratio of males to females 

and the birds familiarity with the area and possible changes in the food , . 
resource. During the spring both species exhibited increases in storea 

lipids. Calculations of flight ranges based on levels of stored lipids 

in spr1ng birds show that scaup have to replenish lipids used during 

migration to reach the breeding grounds in good condition. Higher protein 

levels in late spring birds indicated that pro teins were being accumulated . 
concurrently with lipids. changes' in-digestive organs could not be 

clearly explained by changes in feeding ra~es. Digestive organ changes 

May be related to protein storage and functional changes in the gut. 
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Table 1.' Ratios of males per female in greater and le88er' scaup during 
spring migrat:f.on on Lake St. Louis, 198Q 

Greater scaup 

(1 

March 23-
March 25 

3.9 . 

March -26-
April 3 

3.0 

3.6 

' .. ~ 

April 4-
April 13 

2.6 

1.9 

April 14-
April 21 

1.8 

1.8 

April 22-
May 1 

2.0 

1.6 \, 
1 
1 

1 
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Table 2. 
',a 

Percentages of greater scaup perf~rming various activities during daylight hours in early and late 
spring and mean hours per day spent by each dùck in these activities 

'l-
Feed Rest Preen Swim - Fly; 

Earl}"~ ~ Late Early Làte Early • Late Early__ Late Ear1y Laj:e 

(3.56)b (2.95) (2.97) (5.26) (1.59) (1.89) (4.97) (4.44) (0.72) (0.36) 

Males 25.8c ** 19.8 21.5 ** 35.3 11.5 N.S. 12.7 36.0 ** 29.8 5.2 ** 2.4 

* N.5. ** * ** ** ** ** ** N.S. 

Females 27.4 ** 18.3 24.9 -** 39.2 17.8 * 20.6 27.0 ** 20.3 2.9 ** 1.5 

(3.78) (2.73) (3.44) (5.84). (2.46) (3.07) (3.73) (3.02) (0.40) (0.22) 

aAverage number of daylight hours (from 0.5 hour before sunrise to 0.5 hour after sunset) in early spring • 
13.8 and in late spring B 14.9. 

b Numbers in brackets are mean numbers of hour~ pe~ day spent by each duck in eacb activity. 

c ' Percentages of ducks observed performing each activity. 

*P<0.05. statistical significance determined by chi-square test-on raw totals. 

**P<O.Ol, statistical significance determined by chi-square test on raw totals. -

N.S. No significant 4ifferenc~ determined by chi-square test on raw totals. 
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Table 3. Percentages of 1esse~caup performing various activities during day1ight hqurs in ear1ya and làte 
spring and mean hours per day spent by each duck in these activitieS 

. Feed Rest Preen Swim Fly 

Early Lat~_ _EarJ.~.. Late Early La te Early Late Early La te 

(2.l9)b (2.51) (3.72) (6.27) (1.40) (1.87) (6.44) (4.05) (0.57) (0.41) 

Males 15.3cN.S. 16.6 26.0 ** 41.5 9.8 ** 1:.012.4 45.0 ** 26.8 ' 4.0 ** 2.7 

~ 

*il * ** N.S. ** ** ** ** ** **' 

Fema1e~ 17.5 N.S. 19.0 37.6 'le 'le 41.3 15.8 ** 19.9 27.4 ** 19.1 1.7 ** 0.8 , , 
l~J 

-(2.50) (2.87) (5.38) (6.24) (2.26) (3.00) (3.92) (2.88) (0.24) (0.12) 

a ' -Average number of day11ght hours (from 0.5 hour before sunris~ to 0.5 hour after sunset) in early spring -
14.3, and in late spring - 15.1. 

b Numbers in brackets are mean numbers of hours per day spent by each duck in each activity. 

c Percentages of ducks observed performing each activity. 

*P<O.05. statistical significance determined by chi-square test on raw totals. 

**~<O.Ol. statistical significance determined by chi-square test on raw totals. 

N.S. No s1gnificant differènce determined by chi-square test on raw t9tals. 
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Table 4. Compar~son of body parameters a ~-

of early and late spr~ng migrant greater scaup collected at Lake 
St. Louis, Quebec, 1980 

• 
Male Female 

~ Adult _Juvenile b Adult _Juvenile b 
Parame ter i :t SE (N) Je t SE (N) i t SE (N)b X ± SE (N) 

7 .. "''' Body weight 

Early 1034.64:t23.28 (7) 902.15:tlO.15 (2) 855.00 (1) 937.00 (1) 

Late -- ll14.39±28.73 (16) 1079.35±48.47 (4) 1110.60±33.35 (3) 1047.70 (1) 

Breast muscle weight 

Early 89.79:!: 1. 21 (7) 82.05:!: 2.43 (2) 79.00 (1) 87.57 (1) 

Late 91.47± 2.05 (16) 93.42t. 1.51 (4) 90.52:t 3.87 (3) 87.43 (1) 

1 

Leg weight ) 

Early 43.58:!: 1.19 (7) 39.~± 0.98 (2) 35.33 (1) 4l~53 (1) 

Late 44.ll± 0.67 (14) 4l.17± 1.05 (4) 40.32± 0.34 (3) 39.89 (1) 

Gizzard weight 

Early 49.38± 2.19 (7) 46.44:!: 1.63 (2) 37.21 (1) 
1 
36.64 (1) 

Late 46.02± 2.09 (16) 46.8B± 4~18 (4) 43.61t 1.46 (3) 40.60 (1) 

Small intestine length 

Barly 1605.1 ~33.85 (7) 1590.0 ±59.00 (2) 1621.0 (1) 1500.0 (1) 

Late 1651.9 ±37.42 (16) 1779.0 ±27.29 (4) 1690.0 t11.24 (3) 1705.0 (1) .". 
00 
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Table 4 (Continued) 

Parame ter 

511811 intestine weight 

Early 
Lat~ 

Large intestine length 

Ear1y 

Late 

Large intestine weigbt 

,Early 

• Late 

Combined ceca length 
Early 

Late 

Combined ceca weigbt 

Early , 

Late 

\ 

______ • __ • __________________________________ - ________ ooloo ______ .. __ "''''.'''.'!!4é!!l' __ '''ItA __ .... Eili!l!la .. a_. __ ''e __ • 

'\ 

f Male 

Adult 
i ± SE (N) 

21. 22± 1. 38 (7) 

2l.2l~ 1.54 (16) 

92.0 ::!: 1.23 (7) 

84.1 ± 1.86, (16) 

1. 79± 0~.06 (7) 

1. 92± 0.13 (16) 

287.7 ± 9.23 (7) 

309.9 ± 5.44 (16) 

l.lS± 0.08 (7) 

1.17::!: 0.06 (16) . 

" 

tr:lr 

~ 

'1 
~ 

_Juvenile'b 
x ± SE (N) 

19.23± 0.19 (2) 
21. 77j: 1.36 (4) 

86.0 ± 2.00 (2) 

89.3 ± 3.68 (4) 

...f 

1. 50± 0.05 (2) 

1.97~ 0.19 '(4) 

286.0 ~17.00 (2) 

308.5 ± 7.19 (4) 

1.04± 0.-l8 (2) 

1.04~ 0.08 (4) 

Fema1e , 

_ Adult b 
eX ± SE (N) 

26.71 (1) 

21.56± 1.68 (3) 

93.0 (1) 

85.3 ± 6.01 (3) 

2.36 (1) 
Z.21~ 0.28 (3) _ 

271.0 (1) 

283.0 ± 7.23 (3) 

, . 
1.35 (1) 

1.40± 0.02 (3) 

,.-..., 
~ 1 

_Juvenile b 
X ± SE (N) 

15.81 (1) 

20.74 (1) 

81.0 (1) 

83.0 (1) 

1. 36 (1) 

2.86-(1) 

226.0 (1) 

249.0 (1) 

1.13 (1) 

1.47 (1) 
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Table 4 (Continued) 

Male 

_ Adu1t _Juvenile b 
Parameter x ± ~E (H) x ± SE (H) 

Skin weight 

Early 

Late f\ 

Abdominal fat 1eight .. 

Ear1y 

La te v 
intestinal fat weigbt 

Early 
La te 

Total fat welght 

Early 

Late 

217.83t14.26 (7) * 
261.56±13.21 (16) 

9.l6± 1.39 (1) 

'" l8.21± 2.65 (16) 
~\ 

6.21t 1.06 (7) tic 

12.ll± 2.04 (16) 

142.35±14.63 (7) ~ 

203.17±17.25 (16) 

144.00t 2.93 (2) 
! 

240.99±39.29 (4) 

2.66± 0.20 (2) 

14.37± 4.56 (4) 

1. 75± 0.51 (2) 

9.68± 2.59 (4) 

56.l2± 1.94 (~ 

171. 70:!:44.86 1(4) 

-.. ~-:; 

Female 

Adult b" 
i ±"SE (H) 

121.64 (1) 

273.04±2L08 (3) 

1. 79 (1) 

l6.30± 6.46.(3) 

Il.23± 3.50 (3) e 

42.09 (1) 

178.4!±39.85 (3) 

----...... , 
\.........,. 

.. 
_Juvenile b 
x ± SE (H) 

185.95 (1) 

259.72 (1) 

/ 

, 13.57 (1) " 

15.99 (1) 

10.35 (1) 

14.26 (1) 

135.22 (1) 

172.20 (1) 

-
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Table 4 (Continued) 

Male 

'\ , 
~ . 

........ _" ""' ...... c'""" .... l 

....-.. 
) 

~' 

o _ Adult _Juvenile b _ Adult b _Juvenile b 
Parame ter x ± SE (N) x ± SE (N) x ± SE (N) x ± SE (N) 

c Protein.weight , , 

Early 

La te 

Fat~free carcasa weight 

Early 

Late 

215.23± 2.75 (7) 

2l9.09± 4.44 (16) 

755.l7±ll.18 (7) 

765.64±14,17 (16) 

198 .. 60± 3.45 (2) 

211. 71± 3. 39 (4) 

7l6.73± 6.41 (2) 

754.42± 9.75 (4) 

~eight8 are in grams ~nd lengths are:tn millimeters. 

hwhen N ~ 2 no stat1st1ca1 test is performed. 

~Lean dry weight: see texte 

* P<0.05 . - . 

** P<O.Ol 

" 

194.14 (1) , 

205.32± 3.50 (3) 

682.51 (1) 

755.76± 8.83 (3) 

1. 
~ 

200.53 (1) 

199.15 (1) 

678.58 (1) 

713.5"'0 (1) 
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Table 5. Comparison of indices o~ lipid reserves (body weight/body length) of male and female adult 
greater scaup collected d~ring spring 1980 

Early sptlng Late spring 

Hale Female Male Female 
" 

X ± SE (N) X ± SE (N) i ± SE (N) X ± SE (N) 

Body weight/body length 2.25l±O.04 (7) N.T. 1.934 (1) 2.416±O.05 (16) N.S. ·Z.50l±O.06 (3) 

N • T • ND tes t • 

N.S. Not significant (~O.05). 
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Table'6. 

, a 
Comparison of body parameters of early and late spring migrant lesser scaup collected at Lake 
St. Louis, Quebec, 1980 

Male Fema1e 
------------~~ 

Adult Juvenile Adu1t 3uvenile 
Parame ter i ± SE (N) i ± SE (N) i ± SE (N) i ± SE (N) 

Body weight 

Ear1y 

Late 

Breast muscle weight 

Early 
_Late 

Leg weight 

Early 

Late 

Gizza'rd weight 

Early 

La te 

Smalt intestine length 

Early 

Late 

778.54~13.18 (13) , * 
~47.88±18.90 (18) 

68.78± 0.98 (13) 
* 72.ll~ 1.15 (18) 

31.94± 0.55'(13) 

31.84± 0.41 (16) 

28.26± 1.06 (13) 
29.6l± 1.20 (18) 

1697.5 ~48.95 (13) 

1695.6 ±26.70 (18) 

728.28~12.97 (5) 
* 802.4S±21.93 (8)' 

• 
64.57± 1.03 (4) 

68.87± 1.40 (8) 

31.00± 0.67 (5) 

31.10± 0.59 (7) 

26.70± 1.89 (5) 

3O.81~ 2.74 (8) 

1658.4 ~82.2~ (5) 

1702.5 ±S5.13 (8) 

* 

769.13±43.26 (3) 

* 907.53±27.26 (3) 

62.59± 4.57 (2) 

72.56± 3.96 (3) 

28.73± 1.27 (3) 

3O.45± 0.58 (3) 

JO.02± 2.21 (3) 

26.46± 1.39 (3) 

1803.7 tl13.78 (3) 

18JO.0 t75.14 (3) 

833.40 (l) 

68.29 (1) , 
~; 

29.99 (1) 

34.94 (1) 

1998.0 (1) 
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Table 6 (Continued) 

Parame ter 

Sma11 intestine weight 

Early 

La te 

Large intestine iength 
Early 

I:.ate 

Large intestine weight 

Early 

Late 

Combined ceca length 

Ear1y 

Late 
-!'; 

Combined ceca weight 

EarlY 

Late 

, 
':' 

-., 

1 
! ___ ~,- ..... t ...... -·..,. .. ~'<' ........ _..,~ _______ ....;.. _____ • ____________ _ ------------,----

Male , 

Adult 
x ± SE (N) 

16.781: 0.88" (13) eJ 
'** 20.56± 0.63.(18) 

75.8 ± 1.70 (13) 

78.9 ± 1.10 (18) 

1.10± 0.07 (13) 
** 1.39± O~06 (18) 

, 

256.6 ± 7.93 (13) 

,265.3±6.19 (18)' 

.90± ,0.05 (13) 

1.00± 0.05 (18) 

, ~ 

--. 
! ) 

.lo~,JII!f"l 

Juvenile 
i ± SE CN) 

14.98± 1. 72 (5) 

18.40± 1.44 (8) 

76.2 :f 2.71 (5) 

80.9 ± 3.01 (1) 

1.09± 0.10 (5) 
1.28± 0.17 (8) 

260.0 ±15.0S (5) 

246.0 t18.36 (8~ 

0.88:!: 0.07 (5) 

l.02± 0.06 (8) 

t 

~ 

L 

~' 

Female 

Adult 
x ± SE (N) 

17.76± 0.81 (3) 

24.91:t 1.65 (3) 

72.7 ± 4.98 (3) 

76.3 ± 3.18 (3) 

'" 

1.24± 0.17 (3)' 
1.52:t 0.1.0 (3) 

248.0 ±26.63 (3) 

253.7 ±15.68 (3). 

0:97± 0.17 (3) 

l.09:!: 0.11 (3) 

..... 

Juvenile 
i ± SE (N) 

20.59 (1) 

.82.0 (1) 

1. 70 (1) 

276.0 (1) 

1.28 (1) 
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Table 6 (Continued) 

Parame ter 

Skin weight 

Early 

Late 

Abdominal fat weight .r , 
Ear1y 

Late 

Int~stina1 fat weight 

, 'Early 

Late 

Total fat weight 

Early 
Late .. 

_~ ____ z, .• _:--_ ... ~ 

. ~. 

Il , 
... ~-~ 

,(, 
Male' Female 

Adult Juvenile Adult 
X ± SE (N) X ± SE (N) X ± SE· .(N) 

165.47± 7.12 (13) , * 
205. 50±10. 3.4 (18)-

,. 
7.92± 1.13 t!3) 

" .' "1< 

13.79t 1.80 (l8?; 

.: 

4.30± 0.42 (13) 
* 9.46± 1.51 (17) 

111.31~ 8.01 (13)* 
165.83±14.04 (16) 

146.31±1·3.19 (5) 

176.99±1.3~04 (8) 

5.91± 1.11 (5) 

11. 22± 1.92 (8) 

'~ 

3.32± 0.80 (5) 

7.09± 1. 40 (8) 

95.95±13.ll (5) 
, . . 

'131. 13±l7 .45 (8) 

171. 34±21.06 (3} 

247.47±32.23 (3) 

8.16:t 3.34 (3) , 

17 .40± 5.14 (3)" 

3: 78± 1.10 (3) 
12.32:t 4.19 (3) 

108. 49:t~3. 85 0 (3) 

195.85±40.10 (3) 

_ ~ ____ _ J~ 
, ,.. 

r---; 

Juvenile 
X ± SE (N) 

190.58 (1) 

10.06 (1) 

7.99 (1) 

125.40 (1) 
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Table 6 (Continued) 

Parala&ter 

Protein weight ' 
r 

Ea,rly 

La te 

& Fat-free weight 

Early 
Late / 

o 
.. 

lik 

Halé""'\ 
~-

Adult 
i :!: SE on 

162.09:!: 2.79 (13) 

167.42t 2.65 (16) 
~ 

569.27±·8.78 (Il) 
581.l7:!: 8.62 (l6) 

• ~ 
Juvettlle 

x :!: SE (N) 

149.56:!: 2.86' (5) , 
162.62± 4.01 (8) 

535.37±10.43 (5) 
57l.49:!:1~.69 (8) 

Weights are in grama and lengths are in millimeters. 

Lea~ dry weight: see texte 

*P<O.Os 

**P<O.Ol --
.~ 

~ C? 

1 

>, 

"" 

~ :;'"-( 

' " , . ·e.':.~ ':. ,;~.~~::;' ":'~~.: ,; '\ 

C\ l' ~ , : 

(, 

Female 

Adult 
i :!: SE (N) 

ls1.09:!: 4.76 (3) 

166.l2± 4.25 (3) 

552.78±15.64 (3) 
584.71~lO.52 (3) 

" 

• . .' 

le 

_Juven1le~ 
x :!: SE (N) 

150.61 (1) 

556.50- (1) 
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Table 7. Comparison of indices of lipid reserves (body weight/body length) of male and female adult 
1esser scaup co11ected during spring 1980 

~ Early spr1ng Late spring 

Male Female Male Female 

X ± SE (N) x ± SE '(N) i ± SE-(N) 
---- _._. . 

x ± SE (N) 
----

( . ' ......... 

~ody weight/body length 1. 873±O .03 (13) N.S. 1.885i'o.09 2.016±O.04 (18)- N.S. 2.l96±O.07 (3) 

., 

N.S. Dot significant (P>O.05). 
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Table 8. Comparison of body weight$ Cg} of early and late fal1 greater scaup col1ected and ki11ed by hun~er8 
on Lake St. Louis, Quebec . . 

Adult 11!81.~ Adu1 t fema1e 
-

1979 . ;;,,' 198"0 1979 1980 
i ± SE (N) i ± SE (N) i :!: SE~~}~ ... i ± SE (N) 

p, 

Ear1y . 915.80±29.65 '(14) ~~96.32±24.24 (19) 896.00 (1) 917.71±27.11 (10) 

** 
( Late 1077;34±24.5l (29) 1065.83±55.38 (6) 1044.26±33.68 (5) 102s.00±s6.57 (4) 

~ 

" 

Juvenile male ;1 Juvenile 

1979 1980 '. 1979 x ± SE (N) j'i ± S~_{N) i ± SE (N) 

Ear1y 

/ If-~ .~ .. -_._- -- --~-··_-------Ii 

946.52±28.17 (15) ~4~:89±45.s4 (9) 810.78±27.47 (6) 

** 
Late 991.42±24.92 (]P) 955.39±23.46 (12) 

~ 

1048.75±27.53 (8) 

( 
~en N < 2 no statistieal ~st 18 performed. 

*P<0.05 

**P<O.Ol # 

• 
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"Table 9. Comparison of body w~ights (g) of ear1y and 1ate fall migrant 1ess~r scaup' co11ected and ki11ed by 
hunters on Lake St. Louis. Quebec 

Adu1t male Adu1t fema1e 

1979 1980 1979 1980 
i ± SE (N) i ± SE (N) 'i :!: SE (N) ait SE (N) a 

~--~._- ----------- ------- -- -- ------- ----,--

Ear1y 767.57±23.17 (14) * 881.25±30.71 (4) 
. 

Late 803.57±33.38 (7) 823.33±19.22 (3) 

Juvenile male 

1979 1980 
i ± SE (N) i ± SE (N) 

• Ear1y 732.49±19.41 (13) 66L67±38.44 (3) 

* 
La te 712.51±51.35 (7) * 827 .50±22. 76 (8) 

~en N < 2 no statistical-test ia performed. 
o -

*P<O.05 

.-----.:-,-- ~1t4A .. 'ef'1Nt rat)8#" (') 

602.20 (1) 687.50± 7.22 (4) 
. 

793.43:!:72.25 (3) 877 .50±47 .50 (2) 

Juvenile fema1e 

1979 1980 
i ± SE (N) i ± SE (N) 

713.64±18.62 (7) 678.33±24.0~ (3) 

* 
731.63±51.41 (4) 800.00±23.61 (9) 

------------------~-------
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Table, 10. Total molt scores of greater and 1esser scaup during early and 1ate spring"1980 

Greater scaup Adult maleJ Juvenile male Adult female . Juvenile female , 

,r--, 
1 

'-

Early Late Early Late Early Late Early La te 
(n=1) _(1l==16l _____ ~,..2),· (n=4) (n~l) (n-3) Cn";l) (n-l) 

Mean score 0.17 N.S. 0.00 0.00 N.S. 0.00 2.50 a 7.80 4.70 a 8.00 
Co 

6.00 Minimum score 0.00 0.00 O.O~ 0.00 
\. 

MaxiDllm score 1.20 0.00 0.00 0.00 '9.50 
ft 

J 

Lesser scaup Adult male Juvenile male Adult female Juvenile female 

Mean score 

Minimum sçore 

Barly 
(n=13) 

)Late 
(n=l8) 

0.04 N,S. 0.46 

0.00 0.00 

Early 
(n-S) 

'Late 
Cn-8) 

·0.71 N.S. 0.00 

0.00 0.00 

Ear1y La te Ear1y 
(n-3) (n-3) (n-o) 

7.17 N.S. 6.37 

3.93 4.59 

Maximum score 0.57 5.50 3.57 {).60 11.23 '-..... 8.74 
~ ~ 

~Sample size too smali for statistical test. 

N.S. No significant difference between scores. 
r 

_1re •• t ., .. , 7! .=-------------~ ........ PI!f! -.te rp '( ~ , r~ 
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Table 11. Malt scores of greater scaup by body region during ear1y and 1ate spring, 1980 

Adu1t male 

Sides and flanks 

Mean 

Mini1llUDl -

Hax111lUDl 

Early 
(n'"'7) 

0.03, '. 

0.00 

0.20 

Upper breast and upper back 

Mean 

Mini1llUJll 

Maximum 

J 

0.14 

0.00 

1.00 

Lover b:east and be11y 

Mean 0.00 

Minimum 0.00 

Maximum 0.00 

. , 
- Mid-back and rump 

Mean 0.00 

Minimum 0.00 
\ 

Maximum 0.00 

La te 
(n-16) 

0.00 

O~OO 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

, 
li 

Juvenile male 

Early 
(n-2) 

0.00 

0.00 

0.00 

0.00 

0.00 

'0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Late 
(n-4) 

0.00 

0.00 

0.00 

0.00 

0.00 , 
0.00 

0.00 

0.00 

0.60 

0.00 

0.00 

0.00 

.. --.... ~-~~ ..... ~ 

Adult fema1e 

Ear1y 
(n"'l) 

0.60 

1.33 

0.17 

0.40 

Late" 
(n-3) 

2.27 

1.80 

3.00 

2.67 

2.67 

2.67 

1.33 

0.50 

1.83 

1.53 

1.00 

2.00 

~ -----

Juvenile female 

Early 
(n-I) 

1.80 

0.67 

0.83 

0.20 

- Late 
(n-1) 

3.00 

2.67 

0.33 

2.00 

--
l ,~ , 
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Figure 2. Combined numbers of greater and lesser scaup on Lake St. Louis during spring, 1980. 
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ABSTRACT 

Great~r s~aup (Aythya marlla) .a~ lesser scaup (A. affinls) were 

collected during their spring and faU migra,tions st Lake St. Louis, 

Q-uebec t in 1979 and 1980. Body measuremènts and weights of fat deposits 

were obtained for 35 greater scaup and 39 1esser scaup. Carcasses were 

homogenized and analyzed for lipid and water content. Percent body water - . 
and skin weight were the best predictor~ cff ether-extractable body 1ipids. 

Body weight and body weight/body length were good predictors of ether-

extractable lipids but may provide lees reliable estimates if usêd fbr 

scaup at other stageà of their annuaL cycle. On1y abdominal fat we1ght 

could be used to derive a single predictive eq,uation estimating ether-,. 

exJ:rac t~ble lipids for bo th ~pecies. Regression Unes wi th body we1gh t . , 

or body weight/body leI)gth as the independent variables had the same 

slope for both specles but these differed in elevation. 
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INTRODUCTION 

Measurements of specifie fat deposi ts have been used as indices of 
\ 

\ 

reserve lipids iIÎ.\,geese (Hanson 1962, Ankney 1977, Ankney and Maclnnes 

1978). Campbell and''J.eatherland (1980) have descriQed a method for 

esl:imating body liPid;'~ protelns, 1. lesser •• ow ge.s" (Anaer E.. "'­

caerulescens) using measur~nts of body weight and body water. Various ", 
indices 'including body water and individual fat deposits, have been uaed 

\ . 
to derive predictive equations for estimating reserve 1ipids in ducks . , 

(Woodal1 1978, Balley 1979, Wishart 1979). Bailey (1979) has sugsested 

that the predictive equations he presented for the redhead (Aythya 

americana) may ptovide reliabfe estimates of reserve lipi.ds for other 

species of Aythya. 

The primary objectivé of this study was to derive and compare pre-

dictive equations for estimating extractable lipids of greater and 1esser 

scaup. These equations provide fast and inexpensive'methods of estimat-

ing ether-extractable l~pids. The underlying hypothesis was that 

~ - ~..'t 

extractab1e lipids may be predicted for more than one species using the 
.!Ir l 

same equation if tb\ species considered are structurally simi1ar. The 

abili ty to do this a~ grea ter evi.denc'e tha t the species in que~ tion 

are close1y related. 

i· 

j 
1 

1 
1 

1 1 ~ 
! 
1 

. ; 



Il-~\~-----~"'------"""'\""'U:_Zib:_._'-''''; .... t.i4 ............. ~N4 ............. ; ___ .i ... oio .... l ______ w""'Jllt_ ..... , ......... ""'l ___ a_ ....... J"'l'U ... S ......... ,_ ... ~ ... "U_ ... & .. ,_._._.'Ii ..... ___ '..,,_ .. _.! __ 

1 

i 
I~ 
1 

1 
l, 
1 
i , 

L 

( ) 
73 

METRons 
- . 

Adult gieater and lesser scaups were collected by shooting under 
# l' -""",)1 

permit from the Canad'ian Wildlife Service at Lake St. Louis, Quebec 

(4S
o 24' N, .73

0 50' W), duHng spr1ng and fall migrations in 1979 and 

1980. During both years .birds were collected during the month of April 

and from the last we~k 1n September to the first week of December. 

~umbers of each sex and~pecies were as follows: 29 male greatkr scaup; 

'" 6 female grea ter scaup; 31 'male lesser scaup; and, 8 female lesser scaup. 

Birda vere we1ghed freah to ~areat 0.5 g and were frozen vith;'" 

2 hours of COlleC~iO in sealed poly~thy1ene oags for Iater ~nalyses. 

Measurements w re taken on'1nd1c~\of structural size and ether-
'" '\. 

extractable l:Lpid , ich have been used by"",?ther authors (Woodall 1978, 
", 

Bailey 1979, Wishart 1979). The fo11owing meàs~rement~ to 0.5 mm wer~ 

taken with a ruler on thawed birds: (1) body Ie~ from the t1p of t~e 
'''\. 

bill to the end of the longes t retrix w1th the bird fi~Y flattened on 

its back' and the neck straight;entti but not stretshed; (2)~ng chord with 

the wing flattened and straightened as described by Carney ('i:9 4); bill 

length from the cOlllllÛssural point te the tip of the upper mand1bl • and 

(4) culmen Iength from the tip of the nail to the "V" of feathers on 

the forehead (Harris 1970). 

" Birds were skinned ànd dissected, and wet weishts to 0.01 g were 
1 

taken of: (1) unplucked skin, 1ncluding the subcutaneous fat but excluding 

the wings which were .severed a t the dis tal end of the humerus, and the 

feet which were severed at the juhcti.on of the tib:1otarsUS' and the 

tarsometatarsus; (2) plucked skin; (3) abdomi.nal fat deposit Which lies 

in the abdominal cav! ty, ~der the subcutaneous fat and partially 
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surrounded by the puhic Danes; and (4) intestinal mesenteric fat. Keel 

1ength. was measured to 0.5 mm with a clear plastic Tuler. 

~e ènt:l,re )Jird"excluding plUlllage, feet and bill, was ground in a 

meat grinder, ~horough1y mixed then ho1llOgenized in a blender. 1h~ feet 

and bil.l wer~ not included due to d1.fficulties with grinding. 'IWo 20 g 

- samples of each ho~genate were teeze-dried at _sooe and 5 microns of 

pressure to a constant weight to estimate water content. Dried samples 

were finely ground and washed in petr.oleum ether for 18 hours in a 
\ 

modif1ed Soxhle.t apparatus capable of holding 20 samples. Sampl,'es were 
,~ 

o . 
dried in a vacuum oven at 105 C then reweighed to obtain estimates of 

their lipid content. AH samples were weighed to 0.005 g throughout the 

procedure. Forward selection, backward elimination, and stepwise 

multiple regression analyses (Barr et al. 1979) were performed to de ter-
. 

mine the best predictors of fat-free weight. Simple l1near regression 

(Barr .!!. al. 1979) was used to de termine re1ationships between various 

indices and extractable l1pids. 'Comparisons of regression 1ines between 

species was dème us!ng analyses of éovarlance (Snedecor and Cocbran 

1967) . 
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BÈSUL'tS 

SeveraI independent variables were good predictors of ether-extract­

able body lipids (Tables.l and 2). Fresh body welgh t, alone exp1a1ned 

81% of the variation in total 1ipids for both species. The best pre­

dictor was percent body water (R2 • 0.95), which varied inverse1y wi th 

s-tored ,1ipids. Who1e skin weigbt provided re1iab1e estimates for both 

greater scaup (R2 • 0.91) anJ1r lesser scaup Œ.2 - 0.95). Plucking only 

slightly improved the predictive value of skin weight. Abdominal and 

intestinal fat deposits were good predictors, however, the latter 
1 

explained·more variation in extractable lipids for 1esser scaup (!2. 

0.85) than for greater scaup <.!~2 - 0.77). 

The only' structural parameter selected as a predietor of fat-free 

careass weight was boay length.\ The equation for greater scaup is: 

fat-free weight (g) - -693.60 + 3.18 x body length (mm), (x - 456.81 mm 

± 1. 69 mm (SE); R2 - 0.47, !<O. 0001) • For 1esser scaup the equation is: 

fat-free weight (g) - -361.56 + 2.24 x body length (mm), (x - 416.13 mm 

± 1.65 mm (SE), R2 - 0.39, !<Q.OOOl). 

Fresh body weight was adjusted for individwil differences in fat-

free weight by dividing by body 1ength. Although this œthod corrects 

for structural differences between sexes, body wei~t/body length 

explai{led 82% of the v!lr1at1on in extractable lipids for both species, 

an increase of only 1% over body weigh t: alone. 

Regression equatio~s predicting extractable 1ipids we~e compared 

between speçies for each independent variable (Table 3). The only pair 

of regression 1ines which could not b.e considered different for both 

spec1es were those with abdominal fat weight as the independent variable. 
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A single equation derlved from pooled data from both species 1s: body. 

lipid (g) ,. 64.99'+ 7.11 x abdominal fat (g), (i. 12.61 g:t 0.98 g 

(SE), R2 • .0.86, P<.OOOl). Régression lines using body weight or body - - , 

weight/body length as the independent vatiable had the same slope for 

.both species, however, elevations were significantly d1fferent (P<.Ol). 
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DISCUSSION 

The cond:1tion of an individual may be evaluated by relating nutrient 

reserves to nutr:tént requ:trements at the stage of the annual cycle. 

Therefore ind:1ces of body l:1p1ds IllU8t provide reliab1e estimates of lipid 

reserves and should be ea811y obtained. Several of the parameters tested 
- ... .... 1 

satisfy these requirements. Sldn weig~t, whole or p1ucked, 1s a good 

predictor but careft,ll removal of the skin and subcutaneous fat deposits 
1 

from ~ large btrd :ts time consuming. The abdominal fat deposit provides 

slightly less reliab1e eat1mates but 1a much quicker to d1sect and can 

be readlly obtained from hunter-kllled birds. 

Measurements of body weight and. body weight/body length are the 

easiest indices of body lipids to collect and may be the on1y data avail-

able. These values can be obtained from both living and dead birds. 

The correlation betw~en fresh body we1ght and extractable 1ipids 1s 

particularly high. This is because ~ncreaseB in fat we1ght over 

the per10d of migr;t'tion ~ere greater in magnitude than changes in fat­

free body weight (Chappell 1982). Applying the predictive equations 

based on body weight (Tables 1 and 2) to scaup at a different stage of 

the annual cycle may result in 1ess accuratè~elit1.mates if non-fat com-

ponents (eg. protein reserves) are different. 

-. 'Chi1d and Marshall (1970) used water content to estimate body lipids 

and fat-free weights of small birds. Redheads (Bailey 1979) and vigeon 
. . 

(Wishart 1979) showed strong correlations between percent body water 

and resene lipids. Similarly percent body water prov1ded the best 

estimates of total l1pids 1n migrant greater and lesser scaup. nus 
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rela tionship is logical. S1nce fat-free weight changes were re1atively 

s~l in magnitude (Chappell.1982), any increase in lipids will cause 

a de~ase in body water expressed as a perc~ntage of body weigh,t. Birds 

used by Bailey (1979) and Wishart ,(1979) were eolleeted over various 

stages of the annual cycle but it appears that the variation in water 
. 

content between i.ndividuals was not enough to greatly reduce the eor-

relation between percent body water and body lipids. Although body water 

provides reliable estima.tes of lipids, Hs value is tedious to obtain 

and the mutilation procedure limita the use of specimens for other pur-

poses. 

Several waterfowl researchers have used morphologieal measurements 

to correct body weights for variation in structural size ,(Hards 1970, 

OWen and Cook 1977, Bennett and Bolen 1978). Since changes in fat-free 

weights of sc;aup over migration were relatively small, this waa a good 

measure of structural size. Concurring with the work of Bailey (1979), 

body length exp1ained most of the variation in fat-rree weight. Wing 

'length has been shown ta have a strong relationship with fat-free weight 

in passerines (Conne!i .ll al. 1960). Although wing length also showed 

a strong correlation with s~eletal weight of .American wigeon (Wishart 

1979), it was 'not ineluded as a significant variable in the model pÎ;e-
~ 

dicting fat ... free weight of scaup. 

/ 

Of the indices tested, .only abdominal ~a~ provide~ an eqwition that 

could be used for predicting lipids of both greater and lesser seaup. 

This equation dpes not resemble the one calculated °by Bailey (1979) 

for redheads, (body l1pid = 53.90 + 9.37 x abdomin,l fat weight), 

al~ough thes~ were not compared stat1stieal1y. These resu1ta suggest 
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• f 
that a single equa tian rltlLahdominal fat as the independent variable' 

could be used to estimate body lipids ~n more than one species oo1y if 

they are closely related. Johnsgard (1965~ divides AIthya into 3 distin~t 

subgroups: the true pochards, the white eyes, and the scaup-Ilke ducks. 

The equation uslng abdominal fat in the present study may therefore pro-

vide reliable estimates of lipids for the tufted duck (~. fuligula) and 
, 

the New Zealand scaup (A. ~-seelandiae) as it did for greater and 

" 
lesser scaup. Si~larly, Bailey's (19'79) equation for redheads may pro-

vide reliable estimates of body lipids for the canvasback (!. valisineria), 

European pochard (A. ferina) and the r1ng-necked duck'(A. collaris). 

Further test1ng 18 required ta substant1ate this. 

The fact that other indices of body lipids could not be used to 

1 

derive single equations for greater and lesser 8caup may be due ta 

species-related differences in morphology and body size. Lipid content 

as a function of body weight produces almost identicai s~opes for bath 

species. However, a significant difference in ele~tions. precludes the 

use 9f a single equation to estimate body lipids in live-trapped greater 
-

and Iesser~ scaup. 
/ . 
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Table 1. Regression of ether-extract~b1e body 1ipids (g) on independent variables for migrant 
greater scaup (n - 35) 

, ----------------------------------------------------------------------------------------------------------------------------------------------------, 

Coefficient of 
Independent variable Mean ± SE de termina tiona Equation 

Body weight (BW) 
',' 1071..16g±18.41g 0.81 

f Percent body water (PW) 58.75;± 0.74% 0.95 

Skin whole (SW) 2~9.59g± 9.87g 0.91 

y ... -462.,50+ 0.59 (BW) 

y a 1109.58- 15.98 (PW) 
A 

Y ... -109.73+ 1.17 (SW) 

0.94 V Skin plucked (SP) 172.22g± 9.53g 
A 

y ... -40.84+ 1.23 (SP) 
A 

Abdominal fat (AF) 14.20g± 1.618 0.87 y ... 71.70+ 6.96 (AF) 

Intestinal fat (IF) 9.36g± 1.13g 0.77 
A 

Y = 83.24+ ~.33 (IF) 

Body weight/body 
length (BW/L) 0.82' 

,.. 
Y ... -536.63+302.26 (BW/L) 

a AlI correlation coefficients we~e significant (P<O.OOOl). 
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Table 2. Regression o~ ether-extractabLe:body lipids (g) on independent variables for migrant 
lesser Bcaup (n.= 39) 

Coefficient of 
inde~Jl(Jent_varbb1e Mean :t SE __ de.termiI!8tiona Equation 

~ 

Body_ ~eight (BW) 8l4.92g::!:l3.42g 

,Percent body water (PW) 57.74%± 0.72% , 

Skin whole (SW) 189.15g± 7. {dg 
, 

Skin plucked (SP) 138.96g± 6.62g 

Abdominal fat ,(AF) l1.l9g:t 1.14g 

Iqtestinal!' fat -(IF) 7.24g± 0.88g 

, , 

• 0.81 

0.96 

0.95 

0.95 

0.84 

0.85 

~ y = -346.57+ 0.60 (BW) 

Ji 

i .;,. c 840.,99- 12.13 (N) 

Y - -80.60+ 1.17 (SW) 

y D -41.60+ 1.31 (SP) 

y - 60.91+ 7:12 (AF) 

y + 72.80+ 9.35 (IF) 

~ 

" < 

Body weight/body 
length (BW/L) 0.83 

l 6 

y - -398.91~275.83 (BW/L) . 
t 0 

a ' . AlI correlation coefficients were significant (!<O.OOOI). 
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Table 3. F values calculated by comparison or regression lines predicting ether-extractable' 
lipids for migrant greater and lesser,scaup 

~ Comparison of / Comparison of Comparison of 
Independent residual v,ariances slopes e1evations 
variable, X t (df a 33.37)a (df=l,70) (df-I,71) 

j 

" Body weight. g (BW) 1.66 ~ 0.01 127.28*'* 

-Percent body water (BW) 1.73 27.97** c 

Skin wh?le, g (SW) 2.72** b 

<:/ 

, Skin.plucked, g (SP) 2.10'1': b 

Abdominal fat, g, (AF) 1.35 0.05 "- 2.31 

Intestinal fat" g (IF) 2.50** 
b 

, 
Body weight/body length (BW/L) 1.69 , 0.65 

'" 
85.85** 

a A11 residual mean squares for greater scaup were ~arger~han those for lesser'~caup. 
o 

b 
Comparison of slopes was not done because residual variances were significantly different 
frgm one another. 

c 
Comparison of elevations W8S not done because slopes were s!gnif1cantly different from 
one another. 

*P<0.05 "i 

**!,<0.01 
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