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L \ reserve lipids in migrating scaup were evaluated.
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© ABSTRACT i
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Greater scaup (Aythya marila) and lesser scaup- (A affinis were

studied during their spring ard fall migrati&os at Lake St. Louis,
Québec (45° 24' N, 73° 50" W). Time-activity budée{:s were determined

and nutrient reserve levels were monitored. Method for estimating
Comparisons of early and late spring scaup .reyealed chan?es‘in‘ e
frequencieg of behaviours over the migratory period.\%l::—activity ’ .

“
budgets differed between sexes within a Species. Behaviour appeared to / .

be influenced by levels of s{bred nWtrients, ex ratios and possible

changes in the food resc;urc . Greater‘scaup exhibited inci'eased welghts

-

R 4

of fat deposits angtotal Jfat in late spring, whe/reas increases in protein
and mean body weights were not, significant. Legser scaup had higher

mean -body weights in late spring, however, inoreases in fat deposits were s
N > .

Ll -
A

only significant for adult.males. Higher protein weights in lat® spring
were only significant: in adult females Digestive organ ‘size could not

be explained by changes in feeding rates and may be related to pro@yed.n

storage and functional changes in the gut. All females of both epeqies R .
were undergoing body molt; in males molt was negl&ible. ' . )

During the fall the diurnal activity of migratiﬁ}%eup was érestr'icted
to resting and preening. ' Increases ‘in body weight- over the\migratory
period were observed in greater scaup, No clear pﬁtefn of body weight
change was evident in 1esser sc(aup. . - g

\\ e, 3 .
" Percent body{'a:sm;;;md skin weight were the best predictors of
tooRy .

-

o
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reser"ze lipids in greaffer and lesser scaup. ?dy weight and f:ody’ weight/
body length provided reliable estimates of 1ipid reserves. A siﬁgle equatich- -

usiog abdominal fat was de/}ived to estimfée regerve lipids: for both species.
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I . ' a Le grand morillon (Aythya marila).et le petit morillon (A. affinis) -

on\t”été étudiés lors de ‘leurs migrations au printemps et 3 1'automne au. -
3

Lac St-Louts, Québec 5450 24" N, 73° 50' 0). Les budgets énergétiques
g ont &té déterminés et les réserves de matiérss nutritives dans le corps
- onf &té &valudes. On a €galement &valué des méthodes four es}:imer.les
résgrves de lipides des morillons en migration.
La fréquence de comportements &tait différente entxe les individus
migrant au début de la période de migi’atiop et les migrateurs tardifs.

Pour une mégxe espece, les budgets énergétiques &taient différents
£5 “
¥ .

v 7ntre les deux sexes., Le comportement semblait @tre dépendant des quantités
' . o _de réserves nutritives, du rapport de sexe et des changements dams le
wg% régime alimentaire. . s \ b : .

a

Les poids des dépdts de graisse et des matidres éfasses totales

3

étaient plus élevés vers 12& fin du printemps, alors que les variations
’ ) du poids des prot€ines et du paids du corps n'étaient bpas si&iﬁcatives.
' Tard ép printemps, le poids moyen du petit morillon &tait plus &levé;
ependant, 'l"aungnentationven dépSts de graisse n'était significatif que
pour les mdles adultes., Vers la fin du pring_g;mps, les quantités de
T

protéines sont significativement plus &levées &ibéz\ les femelles adultes.

Les dimensions du tube digestif ne s'expliquent pas par des modifications

s

-

du taux d'alimentation mais plutdt par 1'emmagasiﬁage de protéines et ‘

les changements fonctionnels dams 1'intestin, La mue chez les males

était ggldrgeable, toutefols toutes les femelles des deux eépéces étaient,

-
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en périlode de mue. ;
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ot . .
A 1'éutompe, chez les morillons en migration, l'activité diurne se

t -

limite au repos et au lissage des plumes. Pendant la période migratoire,

on observe des augmentations de poids chez le: grand morillon. I}OIA' le L%
petit morillon, les changements de poids ne aen‘zblaien‘t pas sulvre %‘n
patron'défini. ' ‘ | » ‘ - |

. e Ch;ez les grands. et pétics morillons, les :eilleurs indicateurs ‘de ,

réserves de lipides -sont le pourcentage d'eau dans le corps et 1e poids

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

Y
du corps procurent une bonne estimation de réserve de lipides. La graisse

abdominale a servi de base pour dériyer une simple &quation pour estimer

la réserve-de lipide pour les deux espices.
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PREFACE

This thesis consists of 2 manuscripts concerned with aspects of

~

the energetics of the spring and fall migrations of great\er scaup

(Aythya marila) and lesser scaup (A. affinis). Both manuscripts are
— P
_in the form for submission for publication. The first is a draft;

the second has been accepted for publication by the Canddian Journal of

3

Zoology.

The first manuscript examines the importance of stopover areas

V) N

for migrating greater and lesser scaup. Two approaches have been taken
to gain understanding of this topic; behavioural and physiological.

The behavioural approach examines the allocation of time in order/to

&

fulfill the physiological requirements of migration. Knowledge of

i)
g

behaviour'provides an understanding of how an organism interacts with

its environment. The physiological approach examines the use and storage

* of nutrients in the form of lipids and proteins and concurrent changes

3

in digestive organs.

o

The second manuscript of this thesis examines methods of quickly
and cheaply estimating reserve lipids in scaup. The aim was to prgvide

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

The ability to evaluate lipid reserves in these birds will contribute to

the understanding of nutrient reserve dynamics.
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: ABSTRACT
The importance of stopover areas for greater scaup (Aythya marilaf

and 1esser:scaup (A, affinis) during migration was studied during the N

‘ ’
°

spring and fall at Lake- St. Louis, Quebec (I}So 242 N, 73° 50’ W). -Time
budgets of diurnal behaviours were determined for each species separately

from 23 March to 1 May, 1980. Comparisons of early and late spring
%

migrants revealed that greater scaup exhibited an increased frequency

L .
of resting and decreased frequencies of feeding, swimming and flying

3

in late spring. Frequencies of'most behaviours differed between sexes

during both time periods.

Male and female lesser scaup showed increases in resting and'pgeening

N
in late spring, however, slight increases in feeding in late spring were
» W -

not significant, cher activities were performed less frequently in

late spring. Similar to greater scaup, frequencies o¢f behaviours

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

behaviour of greater scaup and lesser scaup was restricted primarily to

*

resting and preening. Feeding “occurred almost’entirely.at night.
Comparisons of body parameters of early and late spring birds were
-made on 35 éreater scaup and 51 lesser scaup‘coiiécted by shooting.,

Greater scaup ‘exhibited a slightly higher mean body weigﬁg in late spring.
>
Mean weights of the skin, intestinal fat, abdominal fat and total fat

were larger in late spring. Slight increases in protein weighth and

2

fat-free weights were not significant. Digestive organs of adult greater

scaup.did not change with the exception of large intestine length which

decreased in late spring. Sample sizes of juveniles were small, but

data suggested an increase in intestinal size. Mean body weights of

o
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lesser scaup were higher in late spring. Increases in fat deposit weights

were observed but these were only significant for adult mglgs. Higher
protein weights in 1atehspring were only significant for adult fémales,
ereas higher mean values for fat-free weight were not signifiggnt'in
any agé—sex class. Changes in digestive organ size in_legser sc;ﬁp
appeared g; be .1imited to igcreases’ in intestinal weight. A@ult %nd

juvgeile males of both species exhibited little body molt, vhereas all ]

. females of both species were undergoing body molt. During the fall

migraéion; in 1979 and 1980 body weights were obtained fth huntéfz
killed birds.. Weights of 192 greater scaup and 92 lesser scaup were
measured during both years combined. All age-sex classes of greatér“ v
gscaup had higher mean body weights in late fall, however differences

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

- J
was evident’'in lesser scaup.

‘ )

Conclusiong'were that stopover afeas such as Lake St. Louis were

o v

used by migrating scaup to féplenish nutrient reserves, Behaviour appeared

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

ource. Changes in
. ' &
digestive organs could not be explained by changes in feeding rates and

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

males to females and pg&fible changes in the {ood res

—~
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INTRODUCTION

Body weights of migrating ducks have jbeen reported by many authors

i #including Bellrose and Hawkins 1947, Nelson and Martin 1953, Weller 1957,

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

fall as fat is being stored for migration (Weller 1957, Folk et al. 1966,
} > .

Owen 1970, Erskine 1971, Ryan 1972, Peterson and Ellarsogﬁ"l979). During

the period of premigratory hyperphagia giant Canada geese (Branta canadensis

maxiﬁxa) exhibited large weight gains due to lipid and protein storage

(McLandress and Raveling 1981). Weller (1957) showed that redhead dﬁ;:ks

A

(Aythya americana) lose \\w‘éight during the course of migration. ‘Harris

/

(in Fredrickson and Drobney 1979) believes that waterfowl use 'stopove"r

areas to replenish reserves. Lessger snow geese (Anser caerulescens °
caerulescens) qccumulaté nutrients while staging at James Bay (Wypkema
and Ankney 1979). Siegfried (1974) concluded that the Delta marsh in

Manitoba is an important fee&ing and resting area for lesser scaup"

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

if the birds were storing nutrients. Lipid reserves acquired before
. T &
arrival on the breeding grounds have been shown to be important for re=

production (Harris 1970, Krapu 1974, 1981, Calverly and Boag 1977). During

the course of migrasion it therefore seems reasonable that ducks should
reple.nish the body 1ibids msed as fuel during migratory flight. Since

lipid and protein metabolism are interrelated (Hanson 1962),~b11:ds using
8top‘over'areas during migration should show an incre‘a"‘se in bod;!}" proteins
concurrent wit.h increasing lipids. -

k]

Siegfried (1974) stated that 'knowledge of .a :spe;:ies behaviour at a °

given place contributes.to the‘understanding of the species requirements

@
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and the imp‘br;:ance of that.place. Recently keveral studies hgve examined
time-activity relations in breeding, postbreeding and wintering ducks
(Rlima 1966, Folk 1971, Siegfried 1974, Tenleier 1974, 1976, Dyyer 1975,
Miller 1976, Sie;fned et al. 1976a, b, Skead 1977, Seymour and Titman
1978, Afton 1979, Stewart and Titman 1980, Titman 1981, Bailey 1982). '
Time-activity stludies of m during migration are limited to Siegfriﬁq's
(1974) work on lesser scaup as they approached the bfeeding grounds.

Time-activity bixdgets monitorgd farther from thq breeding grounds’ sh‘ould
?rovi\de greater understanding of the use of stopover areas along migra-
tory routes. ‘

Greater scaul; (A. marila) and lesfer scaup migrate long distances
between wintering and breeding grounds. Greater scaup br&ed in the western
arctic in North Ame;:ica and winter along the Atlantic and Pacific coasts,

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

interior northwestern North America from central Alaska and western

Canada north to the tree limit and east as far as the Laurentian Shield,

E)

‘south to Minnesota and northeastern California. Wintering areas include

the Atlantic and-Pacific coasts, the Gulf of Mexico and extend into Mexico
and Cent:ra]7 America. More détailed descriptions of the ranges of greater
)

and lesser scaup are given by Bellrose (1976)., During the migratory

_periods in spring and fall both species use the St. Lawrence River system

in southwestern Quebec as a stopover é;'ea. The aim of this study was to
gain ad unders'tanding of the impo;tand’e of stopover areas for migrating
sca;up. It was hypothesized that birds using these areas replenish lipids
and proteins spent to power migratory flight. Over the course of(migration
high levels of food intake should" result in increased .lipid deposi\%s and
prot;zin reserves and heavier body wéights. Protein is stored in digestive
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1976a, b, Ankney 1977), therefore interpretation of nges in thes
organs requires information on feeding rates. Time spent feeding by . /
birds utilizing stopover areas should also reflect the quality and quantity

of the food resource.
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STUDY AREA

LY

+ The study was conducted primarily om Lake:-St, Louis, Quebec 45° 24"

N, Z3° 50" W) which lies at the southwestern end of the island of Montreal

(Figure 1). It is an enlargement of the St. Lawrence River where it is
joined by waters from the Ottawa River and is therefore not a true lake. °
Approximately 18 km in length and 10 km at the widest point it is

generally shallow. The subatrate is principally silt and ¢lay, and

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

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

e

include Potamogeton richardsonii, Vallisneria americana, Anacharis N

canadensis, Alisma gramineum, Myriophyllum spicatum and Chara spp.

Pageau and Lévesque (1964) and Gravel and Lévesque (1977) provide a

detailed description of the aquatic vegetation. There is a lgrge human

.

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

]

the water is extremely high.

The eastern half of Lake of Two Mountains (450 28' N, 73° .58' W) was
includlad during fall hunter bag survey‘lsl. This is a long wide basin at
the lower end of the Ottawa River immediately upstream from Lake St. Louis.
It is shallow and turbid and lacks the e:;tensive weed beds and heavy

®

recreational use of Lake St. Louis.

.
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METHODS
Censuses ) ' C
Aerial censusing was conducted every 7-8 days from ?] March to 10
May, 1980, to assess numbers of scaup and to locate areas of use. All
opservatibns were made from a fixéd—wing aircrafé and the location and
size of each flock was récordéd?*~?uring the fall aerial surveys did not
“prove successful as birds were c;;tinuallf moving and often difficult to

¢

locate due to heavy hunting pressure.

An index of total fall numbers wa; obtained by estimating:the numbers
of birds observed flying 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 wege attempted.weekly,

however successful counts were dependent on weather. Thornburg (1973)

- 4 "~

found that the magﬁitude of daily~flightg on Keokuk Pool, Towa, wds
directly proportional to the popuquion of diving ducks. Surveys made
by airplane and by boaé’revealed that large numbers of birds seldom
remained on Lake St. Louis. during thé diurnal period after the morning.)
flights were completed. It was usually impossible to distinguish

between greater and lesser scaup both from the air and during morning

flight counts so values presented include both species;

Behaviour

)
o

g Activity of unmarked greater and lesser scaup was sampled by con-
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 categoriesg:

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

o e mertam s
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bathing and comfort movements; ?4) swimming, including courtship and
alert behaviour; and (5) flying. Scans were made évery 10, 15, 20 or
30 minutes depending on the number of birds present. Scaup were observed

so that all déylight hours were'sampled every 2-4 days. Data were

.pooled"from 4 separate locations Auring the spring to reduce}bias

associated with area related use. ,Duriﬁg,the fall birds vere difficult

3

to observe due to their distance from shore and data were pooled from

2

2 locations ouly.u

. "
¢ ! [ -

Condition and Physiology

Greater and lesser scaup were collected with a shotgun during;;heir
fall migrations in 1979 and 1980 and during the%r spring migration in
Ml?80. Birds were aged by the bursa of‘Fabricius and by plumag;Scha;ac~
teristics (Palmer 1976). Birds were dried with paper towel, weighed
fresh to 0.5 g and frozen within 1-2 hours in sealed polyethylene bags

~

for later analyses.

«

Thawed birds were reweighgd but weight loss }arel§ exceedéd 1g.

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

-

were taken: (1) unplu;ked skin including the subcutaneous fat but exclud-
ing wings and feet; (2) breast muscles (pectoralis, supracoracoideus, and

~,

ﬁgfacobranchialig)\gfom one side; (3) muscles of the femur and tibiotarsus

%n;‘uding these boneé\}romxg?e leg; &4) gizzard; (5) sgall intestine

d‘/ %éned at Ehe junction with the gizzard and at the 11iocaec;1colic

qﬂ&éq (6) large intestine severed at the visiblé junction with the cloaca;

(7) combined cecae; (8) abdominal fat deposit; and 69) intestinal mesénteric

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

Digestive organs were cut along their lehgth, rinsed under running water
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to remove ingesta, patted dry with paper towel and weighed.

ﬁ;asurements %f 1.0 om“were taken of (i) s?all intestine length;
(2) L;rge intestine lzhgth; and (3) combined cecaelength. Care was ’ .
taken not to stretch these organs during rinsing and mégsuring.

Skins .were scored for contour feather molt using a generalized
pterylosis diagram described in ?illard and Humphreyh(1972). This was
divided into 5 body regilons: (1) head and neck; (2) sides and fla%ks;‘ ,
(3) upper breast and upper bac}; (4) lower breast and bflly;~and (5) mid-
bﬁck and rump. It was not possible to distinguish between contour feather
molt‘gid down feather molt iqlthe head and neck region, ;herefore this
reéion was not included in the scoring. As in Billard and Humphrey (1972)
each region was subdivided into smaller ;nits of similar size to facili- '
tate;Fcoring. \

The skins were gtrap;a free of fat and numerical sco?esbinéicating
molt intensity were entered inyeach subdivision. Scbr;s were as follows:
no molt, 0; light molt, 1; moderate molt, 2; and heavy molt, 3: The mean
molt score for each region was calculated byxfdding the scorea'of the , )
sﬁbdi%iéidns within the regfgn ;;d then divi?ing by the nuﬁbe; of 323-
divisions. Mean molt scores for the 4 Eegiohs were éhen gdded together to
givé thg fPtal mean molt score of eéch bird. The maximum total mean molt
score for any skin was 12. Mqlt sc;ring was done on spring‘scaup only as
fall sample sizes of whole birds were too small.

The skin was thgq‘plucked and the entire bird excluding the plumage,
feet: bill, was grou;d in a meat grinder and thoroughly homogenized in a

blender. Two 20 g samples of each. homogenate were freez;\dried at -50°¢C

and 5 microns of pressure to a constant weight to estimate water content.
. . . . 2
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Dried samples were finely ground and washed in anhydrous ether for J,B\
hours in a modified Soxhlet apparatus capable of holding 20 samples.
‘Samples were dried in a vacuum oven overnight then reweighed to estimate

¢

lipid content. The non-ether extractable residue of the samples was
’ {

used as a protein index (Raveling 1979).
During the fall birds were difficult to collect due to heavy hunting

pressure so additional 'datla on body weight were obtained from hunter-

killed scaup. Birds were weighed to 5.0 g on a Pesola spring scale.-

Analyses ¥ ‘ o \ e
Physiological and behavioural data were cgtegorized «into the follow-

ing periods for t:hé p'urposg of statistical analyses: early spring -
from 23 M;arch to 13 A}n)ril,for greater scaup and from 23 March to

22 April for lesser sca@;}; late spring - from 14 April to May 1 for .
greater scaup and from 23 April to May 1 for lesier scaup; early fall -
from 20 Sepfember to 24 October for both specles; late fall -~ from o
25 October to 2 December for both species. Different dates separating
early from late spring whrg used for t;he two q?ecies because greater

) \
scaup arrived considerably earlier than lesser scaup. During the fall

lesser sca:;p m,z;y have arrived earlier than greater scaup (Belirose 1976),
but this could not be verified as the first small flocks of early
arrivals were difficult to locate or id:antify due to the large area of
water and heavy boating pressure. Both greater and lesser scaup were
seen dur:ing'hunter bag check.s from the t;hird week of Se?tember until the
‘beginning of December, therefore ;:he same date was used to separate early

from late fall for both species.

Behavioufal data were compiled and sorted on_an Amdahl V7 computer
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' 'using the Statistical Analysis System (Barr et al. 1979).  Chi-aquare °

tests were performed on rav totals to test for differences 10 ﬁm@éi-uoks

(Siegel 1956/’ To compamce for 1ncteas~ing daylength the. avenage mmher )

lof houyrs of daylight (% hour beforg sunriae to Y bour after sunset) were

calculated for early and late spring periods. The percentages -of birds
performing the various activities dtg__i\ng daylight hours were multipiied
B i e " ¢

by the ava\z'agg number of hours of daylight to estimate the mean mmber'
4 ke

| . *F

of hours per day spent by each duck in ea)ch activity.
Compar‘:}.sons of Igody parametérs 6f early and late migrants were\ made

for spring and fail separately and between years in the fall with a two-

tailtlad Wilcoxon rank-sum test using the Statistical Analysis System

(
(Barr et al. ﬂ979) -
. l . \
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RESULTS

v

Censuses
Peak numbers of.gombined greater and lesser scaup were obse‘rved on i
3 Aprilkand 26 April, 1980 (Figure 2). The fil;st peak consisted primarily
‘ of greater scaup; the ‘firs‘q; lesse:r scaul; were seen on 2; March during
behavioural “observations but it was mot until 6 Aéril that they were seen
reéularly. Greater scaup were first recorded during the third week of
March when the ice was beginning to break up \on the lake. Both species ’
were seen regularly l{ncil 1 May.althougsx lesser scaup seemed relatively
more abundant than gféater scaup towards the end of April. During the
s)pr;[.ng Lake of Two Mountains was of_lit;tle importance to diving ducks

and scaup-were rarely seen there during aerial censuses,

{
1

Sex ratios were determined from observations made from shore
(‘Tal;le 1). The earliest greater scaup to arrive could not be observed
as they were limited to ice-free water far ffé»m ghore.' By thd time they *
could be observed greater scaup ha\i been on the lake approximately 1
w?ek and large numbers had arrived. Sex rat:!.os of greater scaup ‘favoured
‘males throughout the spring, however this predominance sb?wed a gradual
decrease from late March to mid-April. After beipg lower“' initially, a
similar. patt‘:eru of decrease occurreci among lesser scaup.

a

vgmber in both

\\ /\ The larges‘t fd41l concentrations occurred around mid=
y‘ears although the 1979 peak was lower and slightly earlier \than 1in.1980.

(Figure 3). Scaup were seen until mid-December in 1979 well afiter ice

.

had formed in bays and along the shores. In 1980 no birds were observed
- 5
after the first week 1n December.

\
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Spring Behaviour v I
During 116 hours of observatior; from 23 March to 1 May, 1980,
30,191 instantaneous time-activity samples of greater scaup and 15,113

of lesser scaui: were ’recorde’d. ” Frequencies of feeding decreased and
frequencies of resting' increased for Imt:h~ male and female greater scaup
12 late spring (Table 2; _2<0.0i). Preening was obsejved more Df,requently

in late spring but the increase was only significant for females

(P<0,05). Swimming and flying occurred with decreased fpequenéy in late
i

1

spring (P<0.01). '

More female greater scau'p were observed feeding than males in early
spring (P<0.05), however no difference was found in late spring. Fre~
quencies of resting and preening were greater for females (than males .
throughout the apring (P<0.05), whereas the frequency of swimming was
less for females (P<0.0l). Females were also obsetved flying less fre-
quently than males but this was only significant ip early spring 5
(P<0.01). '

&

Behavioural trends exhibited by-lesser scaup (Table 3) during the
spring migfation were similar to those of greater scaup. However, both
males and females showed ipcreases in ere:at::l.ng and preening in late spf‘ing
(P<0.01); slight increases in feeding in late spring by both sexeéowere
not significant. Other activities vere performed less frequently by
both sexes in late spring (P<0.0l1). Female lesser scaup were obser¥ed
feeding and pFeeniﬁé more frequently than males throughout the spring
(_11<6.05) . Although females were observed resting moré than. _g!ales in early

spring (_1_’_<0.01), no difference between sexes occurred in late spring.

Frequencies of swimming and flying were greater for males than for females

A
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in both early and late spring (P<0.01). .
Figures 4 through'7 show the daily pattern of activity in 2 hour
periods for greater and lesser scaup. ’ Feeding octurred throughout the. /'(
day suggesting that individual birds were feeding frequéntly. No strong

daily activity pattern was apparent although swimming and flying were

‘most frequently observed early in the day. - ~

RN

Fall Behaviour

L%

Activity pattetns of both greater and lesser scaup were entirely

~ !
different during the fall. The birds rafted out in open water during the

dziy restricting their activities primarily to resting and preening.
Twenty-one hours of behavioural obsérvations including all hours of day-

light were conducted from '8 November to 19 November, 1979. Based on

45,261 instantaneous observations, 75.6% of the birds were obseryed resting

and 21.0% preening. Only 4 individuals were seen feeding. Due to the
distance of the birds from shore, scaup could not l;e identified as to
species, sex, or agé. The percentages given are based on all scaup with

gfeater scaup forming the largest proportion. The largest daytime con-

P ~
centrations of scaup occurred on Lake of Two Mountains. Occasionally

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

even the sound of é distant outbogrd motor would often cause these blrds

to fly to Lake of Two Mountains. Approximately one hour before sunset

«

'

I_scaup woqid start to become réstléss, swimming alertly then flying off
to the feeding areas in Lake St. Louis. This behaviour lasted until
darkness with most birds flying between sunset and darkness. I;x the
morning flocks of scaup would 1ift off the feeding areas and fly back to

the resting areas. The morning flights would usually begin at first
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light and continue until approximately 1-2 hours after sunrised The’
tifn:Dng and duration of At}_ie,morning fiigh‘ts often apfx}eg’red to.be influenced
by the hunting pressure on Lake St. Louis. The sight.: ~ai\hnd ‘sound of motor-
boats and occasional chasing by hunters would result in . earlier flights'
and reduced duration of the morning flight pe’ripgzﬁ_ During late fall when
hunting pressure was very light scaup often rémained all day on Lake

St. Louis.g

Condition and fhys iology

-

'Comparisons of body parameters of early and late spring greater scaup

are presented in Table 4. As efforts were concentrated on collecting

adult niaieg sample sizes for other age-sex classes are small. Statistical
compa‘i'isons were therefore limited to adult males. Mean body weight of
adult males was haig'her in late spring than early spring buF this difference
was not signi‘ficant (P=0,10). Adult females and juveniles ‘of both sexes
showed similar trends. Breast muscle weights and leg weights showed no
change over .the spring. Mean values of gizzard weight, small intestine
length, small intestine weight, large intestine weight and combined caecae

veight did not differ significantly between early and late spring for

“adult males, whereas latg‘e intestine lengths were sho}ter in late spring

N
(P<0.01). Adult female greater scaup showed similar organ measurements.
L 5 -\ -

Sample sifes of juveniles are small but the data suggest a possible in-
crease in size of the intestines, particularly small 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 for all greater scaup. These differenééﬁérb\

significant for adult males (P<0.05). Slight increases in protein weights

)

i
i
i
;’,
]
y
i
%
§




b between early and late spring for adult females although large intestine

and fat-free weights were mot significant. | . i
Body length is highly correlated with fat;free weig%t in adult
greater scaup a%],gsser scaup (Chappell 1982). Body weightijwas adjtgsted

by body length to pro.vide an index of 1lipid reserves to compare males

and females within a species. -Early sprin# male and female adult greater
.8caup could not be ;:onipar_ed due to an insufficient sample size of females,
however a comparison of indices of late spring males and females. revealed
no statiatical dif;ference (Table 5). _

Body weights of migrant lesser scaup were significantly higher
(P<0.05) in late spring than earlyd spring for adult males and females and
juvenile 'males 6(Table\6) . No juvenile females were obtained i'n early
spring however the h¥gh body weight of the single late spring bird agnreed
with the above findings. Breast muscle weights were heavier in late

‘ spring but this increase was only significant for adult and juvenile
malés (P<0.05) . Leg weights did not change over the spring. Early and
late spr:l;;{ adult males di:d not differ significantly in \gizzard weight,
§mall and large 1m:est:i lengths, or combined caecae x;re.ight and length.
Increases were observed in the weights of the small and large intestines ‘
in late spring (P<0.01). Adult females exhibited similar trends; small
intestine weight was greater in late spring ('I_’_<’0.05) and a larger mean -
weight was obtained for the large intestine gl.n late spring but this was

not statistically significant. Other digestive organs did not differ

+ 3

length appeared to be slightly greater in later spring. No statistical
differences were fou'gd between digestive organ weights of juveniles in
early and late spring although non-significant changes in the gut were

similar to those of adults. The weights of the skin; abdominal and

‘ - .
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spring adult

males (P <0.05). Increases in these¢ parameters were observed for adult

t. Weights of

fat deposits and total fat of late spring juvenile ffemales were

"similar to those of juvenile males collected in t ‘same time period.

Fat-free weights and prot'ein weights of adult males had higher mean
values in late spring but differences were not significant. Adult females
showed a’ slight increase in fat-free weight (P =0.08) and a significant
increase in protein wei;ht (£< 0.05). No difference in fat-free weights
of juvenile males was observed, however protein weight incre;sed slightly
(2 <0.07).

Comparisons of lipid reserves of adult males and females were made
by adjusting body weight by body length (Table 7). No significgnt dif-:
ferences were found between sexes in either early or late spring. ’

Body weights of greater and lesser scaup obtained during ’f‘all
migration in 1979 and 1980 are presented in Tables 8 and 9', All age-sex
classes of greater scaup had higher' mean body weights in late fz;ll than in
early fall, but differences were only significant for adult males and
Juvenile females in 1979 Q< 0.01). A certain amount of Variation between
years was indicated \by differences in mean body weights of early fall »
adult m;les in ]:979 and 1980, and similarly in early fall juvenile fe--
males (P <0.05).

~ Body weights of adult male lesser scaup were not signifigantly
different between early and late fall birds. Sample sizes of females
were too small to compare statistically but data from both years

IS

indicate weight increases during the}r stay on Lake St. Louis. Body
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weight ‘{ncreases were significant for 1980 juveniles of both sexes R
(P <0.05), however in 1979 mean body weights of early and late fall

juveniles did not differ.

Contour Feather Molt

During spring 1980 adu'lt‘and juvenile males of both species exhibited -
littlle molt with most indi:viduals not molting at all (Table 10). Of
7 adult male greater scaup s;:ored in early spring only one showed light
molt. Late spring adult males a_nd ju;renilfa males throughout the spring
showed no evidence of cogt:our feﬁther molt. All adult and juvenile
f\emale greater scaup were undergoing body molt in earl& and late spring.
Generally molt was observed in all body regions (Table 11).

Molt score patterns of lesser ;caup were similar to those of
greater scaup (Table 10). Of 13 early spring adult males scored, only
1 was molting lightly, and only 2:0f 18 lsate spring adult males shc;wed
signs of molt. Similarly, of a{i‘l_ juvenile males scored throughout the
spring, only 1 was molting. Al]: adult and juvenile females were molting

during both spring periods. Most females exhibited contour feather

molt th all body regilons (Table 12),
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\ ‘ DISCUSSION

Behaviour )
. Greatehﬂ:aup arriving on Lake St. Ipuis in early spring spend over
25% of daylight hours feed:yls’*'A significant decrease in time spent
feeding during the la portion of spring passage may be due to several
tauses. The first greater scaup arrive wheh the lake fs still partially
ice covered; 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 .t:eed in deeper water
(Nilsson 1970a, b) or if f/ood items are less abundant (Owen 1972). Food
intake and therefore t:}me~spent: feeding will increase 1f food quali'ty
decreases (Hill and Dansky 1954, McDonald et al. 1973, Miller 1975).
Greater scaup often began to utilize areas of-Lake St. Louis as the ice
broke up, particularly sheltered bays and shoreli:nes. Although many areas
were used by early and late spriné bitds; some areas were used in late
sbpring that could not be used in early spring. Ice remained in sheltered
bays used by the bi:-ds until the end of the first week of Aprdil. It is
possible that the food resource improved qualitatively and quantitatively
as additional areas became ice~free. The disappearance of the ice and

the increase In daylength over the period of migration may have allowed

L}

for increased vegetative growth. An evaluation of food habits which would

14

answer the questions posed above was not possible since very few birds

had food in the esophagus when shot.
/

Folk (1971) suggested that the tufted duck (Aythya fuligula) must

devote most of its time to foraging im éarly spring as a result of short

daylength and little available food. Although the average daylength was
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1.1 houré longer in late spring, the average amount of time spent feeding

diurnally by greater scaup was still less than in early spring (Table 2). '
If birds were feeding at night as well as duriné the day then increasing
daylength may have had little effect on diurnal feeding rates. Scaup
shot in the early morming generally had no food in their stomachs but I

do not know if they were nocturnally active. Attempts to observe bix:dé on

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

H

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

the European pochard (Aythya ferina). Canvasbacks (A. valisineria) were & -

observed to be active on moonlit nights du';:{.ng the spring on Delta marsh ’

(Hochbaum 1944). Contrary to this, Folk (1971) found the tufted duck

* (A. fuligula) showed marked diurnal feeding versus nocturnal resting.

Nilsson (1970b) has shown that scaup, presumably the old worlq subspecies
A. n. marila, are primarily nocturnal during the fall and winter, showing
increased diurnal fegding behp:{io\ur during the spring months. Similar
behavioural trends weré observed for tufted ducks‘ and pochards in the:*
same study.

A change in ambient temperature may affect the caloric requirements
of birds (Smith and Prince 1973) and therefore feéding intensity (Nilsson
1970b, Hickey 1980). The mean daily temperatures during eérly and late
spring in the present study were 5.70 and 7.70, respectively. Appl}ing“
the mean body weights of male greater, scaup (Table 4) to the equation
provided by Kendeigh e_té. (1977, Tlc; = 47.17 W -0.1809+1.382, the
lower control temperature is calculated as approximately 13°,

Aslmean temperatures and especially nightly low temperatures were below
the zone of thermo-peutrality, the warmer temperatures in late spring

4

may have influenced the decreased feeding rates observed.
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P%esumably the main factor contributing to decreased feed:lng id
late spring is that l;[pid stores had approached capacity in a large
number of birds., Once lipid reserves have been replenished, food

{

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

W

has shown that.fooci intake is regulated by the size of fat deposits.
Femalée gréater scaup were observed féeding more frequently than
males in early spring. but not in late spring. Sex ratios show that many
females tend to arrive som\ew’hat later :I:n the spring compared to males.
If arriving birds spend more time feeding that those which have had
some time to replenish 1ipid reserves, then higher feeding rates for

ks

females should be observed.

-
-

- In contrast with greater scaup, lesser scaup. showed‘ no significant
change':e. in feeding rates over the spring. Lesser scaup tend to fly short
distances between stopover areas during spring migration (Bellrose 1976),
therefore. birds arrivi;.xg at Lake St. Louis should still have sizable
lipid reserves, Little\ is known of the migratory habits of greater
scaup, however their preference for larger waters (Bent 1923, Kortright
1942) may require longe1: flights between stopovers and the use of more
stored energy than lesser scaup. Although both greater and lesser scaup
showed Increases in body 1lipids, greater scaup could not be collected
for the first two weeks after arrival and therefore had ample time to
replenish reserves. (Early arrivals probably weighed considerably less
than indicated in Table 4, necessitating a high feeding rate to replenish
reserves used during migratory flight.

Female lesser scaup were observed feeding more than males through}out

the spring passage; these results agree with the work of Siegfried (1974).

Akt
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Observations of pre-territorial and pre-nesting spring dabbling ducks
have shown that females feed more than males (Seymour and Titman 1978,
Afton 1979, Dwyer et al. 1979, Stewart and Titman 1980). Cadwalls

(Anas airepera) arriving on the breeding grounds. showed no sex-related

differences in feeding rates until the pre-nesting stage (Dwyer 1975).

‘Weller (1957) found that female redheads showed rapid increases in

weight upon arrival to the breeding grounds due to inﬁengive feeding.

The importance of 1ipid rese%ves acquired prior to arrival on the breeding
grounds for dabbling ducks has been discussed by Harris (1970), Krapu (1974,
1981) and Calverly and Boag (1977). The fact that female greater

scaup did not show a significantly higher feeding¢rate than males in

late spring as seen in lesser scaup may be related to pr;ximity to the.
breeding groun&s. Lesser scaup migrating through this area are closer

to their breeding grounds than are the majority of gféater scauﬁ (Bellrose
1976), and the need for lipid reserves for.negting may be of increasing
importance for the former.

Female lesser scaup migrating through Delta marsh, Manitoba, in the
southern portion of the breeding range spend 35% of their time feeding
(Siegfried 1974). This is twice éhe time spent feeding by females at
Lake St. Louis, suggesting in;reased feeding as nesting approaches. Males
at Delta spent approximately the same amount of time feeding as males at
Lake SF. Louis.

Molt is an energy demanding function (King 1974) and may in part
influence the higher feeding rates observed for females than males of
both species. Also, since feathers have a_higher concéntration of sul-

phur—containing amino acids than do plant or animal foods, an increase in
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food intake is required (Kendeigh et al. 1977). Less efficient insulative

properties of the plumage during the molt should result in females re-
quii'ing more energ\y for thermor;gql\gtion. ;l’his would be most pronounced
in eariy spring when air and water temperatures were colder. Also as
new feathers dev\elop;the insulative properties of the plumage will improve
éompared to early stages of molt. Although female greaterr scaup exhjibited
higher molt scores than males in late spring, no significant differencelin
feeding rates was observed between sexes during that time. Energy re-
quired for molt may have been made available by- reductions in other energy
demanding activities as suggested by'Ankney (1979) and Prince (1979).
Increased dayleng_th was assoclated with increased resting on the

feeding grounds by white fronted geese (Anser albifrons frontalis) (Owen

1972). 1Increases in the average number of hours spent resting in late
spring by ‘B;Jth species were greater than increases in daylight. hours.
Folk (1971) considered that time spent resting by the tufted duck was
inversely related to the tin;e spent foraging,“ Contrary to this, time
spent resting by lesserl scaup increased significantly in late spring
although time spent feeding did not decrease suggesting that time spent
resting may be inversely related t;: other activities, -
McKinney (1965) has hypothesized that internal stimuii, suéh as a
fulJ\ crop, ;:eduqe tile te‘ndency to feed allowing other tendencies to be
expressed., Comfc;rt‘ movements generally follow feeding in waterfowl
(McKinney 1965, Nilsson 1974, Siegfried 1974). Time spent preening was

greater in late spring than early sp®ing for both species of scaup, how-

ever time spent feeding in late spring decreased for greater sc¢aup but

vag
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not for lesser scaup. This would suggest that time spent feeding and

time spent’preening are not directly related to each other. The fact
that "femal{e Jraiiter and lesser scaup preened more than males throughout
the spring is a reflection of heavier body feather molt in females
(Table 10). Heavier molt in female greater scaup during March and April
has also been demonstrated fsy Billard and Humphrey (1972). Siegfried
(1974) also found that during spring migration male lesserr"s:;aup spent
less time preening than females. 9

Active swimming by waterfowl may be due to disturbance, searchin‘g\
for food, seeking a potential mate or engaging in courtship. In prepa~
ration for flight scaup swim in the direction of take-off while per-

forming chin-1ifting (Johnsgard 1965). Resting and feeding birds were

frequently carried away |from a flock by the current and would periodically

swim back. Decreases In frequencies of swimming by greater and lesser
scaup in late spring may be influ;anced by the lower number of unpaired
males pfesent. The result should have been that fewer males ‘were
searching for and competing for mates and females thus spent less time
aveiding ungaired males. Siegfried (1974) found that courtship behaviour
by lesser scaup was normal}y initiated by unpaired males. More

time spent in courtship by unpaired birds was also observed in ring-

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

and lesser scaup was occasionally performed by pairs but was most fre-
quently observed in courtship groups consisting of 1 or 2 females and
several males. Often birds would dive in unison'or make occasional ‘

courtship flights but most activity consisted of swimming and displaying.
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Displays are déescribed by Johnsgard (1965). Pre-flight swim:lné 'also
decreased as a result of less time spent flying in late spring. :
Estimati‘.ng the amount of daylight spent flying is extr.;emely difficult
as birds disappear from sight and are no longer 1nc1udéd in further be-
havioural observations. Understanding trends in the amount of flying
done 1s important, particularly in constructing energy budgets, as flight
is th; 'most metabolically expensive activity that ducks engage In (Woole}

and Owen 1978). Greater and lesser scaup showed significant decreases

.in time spént flying in late spring., As birds become familfar with the

lake less time is required to seek feeding and resting areas si

sper;t: flying*should decreas;a. The fact that mre.mles\.were@
fIying than females throughout the spring is likely because tmpai;ed males
were seeking poténtial mates. Siegfried (1974) 'also fo;md that unpaired
male lesser scaup sp;nt more time flying than p:ired malés, or females.

In the present study it’ was generally impossible to distinguish between”™
paired and unpaired males, however single males and small groups of males
were frequently\ observed flying without accompanying females.

. Nocturnal feeding habits of ducks during the fall and winter have been

noted for several species (Owen 1970, Nilsson 1970b, Thormburg 1973,

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

gariousness and nocturnal feeding by common teal (Anas crecca crecca) is

’ primarily an adaptation to predation pressure facilitated by other factors.

Contrary to this Thornburg (1973) feels that diving ducks adapt to

‘hunting disturbance by deviating from typical patterns of d;umél activity.

Mallards have been shown to change feeding routines in response to hunting

(Girard 1941). Increased nighttime feeding in resf)onse to hunting is
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also seen in geese (Owen 1972, Newton and Campbell 1973). Hunting and
recreational actiﬂty on Lake St. Louis did fre;uently influence the
timing and magnitude of diving duck flights ,’ but increased diurnal ac-
tivity did not océur as human disturbance decreased late in thé fall.
Hc;wever, as 6wen (19725 has pointed out in the case' of .geese, not only
actual disturbance but also the tradition of distu;bance :I.il an area will

inf luepce behaviour:

Condition ar;d Pllly?iqlogy _

Weight gain by migrant birds in the form of stored 1ip1dyreserves is
accomplished by active hyperphagia (King 1972) . There are two distinct
sources of lipids for storage: absorption r.;f lipids in foods from the
intestinal tract and gynthe‘sis from non~1ipid compounds (Griminger 1976).
Once lipid ;tores aplioach atparticular maximum it is necessary to reduce
Vfood it}:g;ke unless an increase in energy output occurs. Excegsive
resex:ves are maladaptivc;: as they are Egjbt:azl.ned at the expense of the
environment, increasve the risk of’]‘)redétion and are metabolically ex-
pensive to maintain (Helms 1968) . As' 1lipid sl:ores inecrease bulk and
h,enéedrag/ of the:body in flight increases resulting in a decreased

effective lift:drag ratio (Pemnycuick1969). This is obviously a con-

sideration for long distance migrants,

o "

Greater scaup gained weight’ and increased fat ‘reserves over the
gpring migratory peuriod. Thﬁ‘f;ct that weight increases in late spring
by greate‘\r scaup were not s}gnificaﬂnt m?y iuggest that maximm reserve
levels were aireadyﬂtbeing approached by a la‘rge proportion of individuals-
in the early spring period. Less time spent feeding in late spring also

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

o]
\7




29

are higher than most provided in the literatt;re for m:lgrat-ing or wintering
birds (Nelson and Martin 1953, Ryan 1972, Johnsgard 1975, Palmer 1976,
Bellrose 1976). Large increases in mean body weight would therefore seem
unlikely. A signiffcant difference between body weights of early and

late spring greater scaup might have been found if birds could have been
collected when' the ice bégan to break up and 'the earl:[est‘ arrivals were
seen on Lake St. Louis. These birds started to arrive approximately

2 weeks before collecting could be started and therefore had time to

_ build up lipid reserves.

Mean protein and fat-free weights were not significantly higher in
late spring ma;le greater scaup, although sligh'tly higher values in late
spring birds, ,especially adulg females and juveniles, suggested some
protein storage was occurring. Fry et al. (1970) have shown that fat-free
weights increased during the first few days of pre-migratory hyperphagie?.
Significant changes in protein and fat-free weight in greater scaub may

:
have been obtained if more early arrivals had been collected. Proteins
stored prior to am‘i during migration may be used during perilods of
migrating flight when dietary intake of carbohydrates cannc;t supply the
oxalacetate required for fat metabolism. Hanson (1962) states that a
bird cannot use its fat deposits during migration or during periods of
starvation without a simultaneous use-of body prot:ain. Peterson and
Ell;rson (1979) found that 1lipid and protein levels fluctuated together
in wintering oldsquaw (Clangula hyemalis). Scaup arriving at Lake
St. Louis have uséd fat reserves to fuel migratory flight and in the
process have presumably drawn on protein stores. As fat reserves are

replenished during the stopover, proteins épent on fat metabolism must
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also be replaced in preparation for further flight.
As well as increases of stored fat, lesser scaup exhibited higher

pﬂrqtein and fat-free weights in late spring. Increasés may in part be

explained by the larger size of breast muscles and some digestive organs.

Heavier breast muscles may reflect use during migratory flight, sug-

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

~distance than earlier arrivals. Breast muscles may be major storage

organs for protein needed to metabolize lipids during migratory flight.
Kendall et al. (1973) have shown that protein from the breast muscles of

AQuelea quelea is labile and used elsewhere. Increased lipid content of

the breast will occur as body.lipids are stored, however data from
Ravellng (1979) shc'm that changes in li;id content can account for only
part of changes in the weight of the entire breast.

The distance that gould\b\é f]q.own“'by late spring greater scaup can
be calculated. Applying the mean body weight of adult males in late
spring to the eqﬁation provided by Owen and Reinecke (1979), basal meta-
bolic rate (BMR) is calculated as:

0.72

BR = 75 (1.114) = 81.06 kcal day t

Multiplying this value by 12.5, the multiple of BMR expended during flight

(Wooley and Owen 1978), the cost of nonstop flying i1s calculated as
approximately 1013.3 kcal day-l. To determine the kcals available in
stored lipids, totaMable fat weight 1s multiplied by 9.1 kcal g_l,
the caloric density of fat stored by migratory birds (Johnston 1970).
Griminger (1976) states that even at the time of starvation to death a
small percentage of body weight is made up of fat, therefore té)tal fat

weight does not equal the weight of fat available for metabolism.

Wishart (1979) has shown that total lipids in starvéd Aferican wigeon -
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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 presumably are in the
area of 800 'g; therefore the weight of total lipids at death would be’
approximately 3 g. The mean weight of available stored lipids woul;
then be 200 g which will provide 1820 kcal of energy, enough for 1.8
days of nonstop flying. As waterfowl migrate at anm average speed of 80
km hr‘-l (Bellrose 1976l) the average nonstop distance late spring male
greater scaup can fly is approximately 3500 km. The distance to major
breeding areas from Lake St. Louis is 4000 km or more (Bellrose 1976).
Although some birds could poss/ibly fly nonstop to the breeding grounds
they would arrive exhausted of .1ipid stores and would possibly be in-
capable of reproduction. However, mostkbirds would not be able to fly
the ditam;:e to the breeding grounds. These distances are based on a
caloric d/énsit:y of stored-lipids of 9,1 kcal g-l ‘based on burniﬁg. The
actual energy available to a bird duriﬁg iipid metabolism may be lower;
therefore the distances calcu}ated above may be an excess of what could
be attained. ’

Applying the same logic to late spring male lesser scaup a value of
832.5 kecal da}"1 is obtained for flight, and 1490 kcal is the energ;
available from ;tored 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 :for 3reat'er scaup. Major br‘éeding areas
begin less than 2000 km frc:m iake St. Lo‘uis, although important breeding
grounds ip Alaska and the Northwest Territories are still farther than

could be reached by the majority of lesser Jcaup. Early spring male

lesser scaup could on average fly _1;3 days and cover a distance of 2500

3 o




32

km. Having reached the breeding grounds in Manitoba or Saskatchewan,

o

1lipid stores would be depleted. The importance of atopover\a\re“as to

~

¢ , ‘ . ~
greater and lesser scaup for replenishing spent body lipids is therefom\

- evident.

The number of days required to replenish endogenous lipid reserves
for migratory waterfowl weighing 1100 g has been calculated by

Fredrickson and Drobmney (1979) for various distances flowﬁ and caloric

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

by several factors such as the condition of birds arrivi'ng, the quality ‘
a.nda quantity of the food resources at the stopover area and weather.
The average duration of stay by scaup on Lake St. Louls was not deter-
mined. _ P

Several studies on gallinaceous birds have shown that the size of
digestive organs is influenced by diet Sluality {Leopold 1953, Lewin
1963, Moss 1972, 1974, Pendergast and Boag 1973). More recent works
have indicated that changes in the gut are more likely the result of
changes in fooc; consumption, which may vary in response to diet quality
(Fenna and Boag 1974, Miller 1975, Savory and Gentle 1976a, b). Ankney
(1977) has shown that changes in feeding activity by lesser snow geese

[(Anser caerulescens caerulescens) are positively correldted with changes

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

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

gut should be made to rapidly accommodate changes in food intake and

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

to a high fibre dief_{ exhibited increases in digestive organ size

within 3 weeks.

‘
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Although a decrease in feeding rates by greater scaup was observed
-,
in late spring, ogly' large intestine length showed a significant decrease.
In redheads (Aythya americana) large intestine leng'th and weight show

n

strong curvilinear correlations with seasonal feeding patterns, whereas

gizzard weight, and smail intestine and caecum weights and lengths are
not significantly correlated (Balley 198é) .* The equation predicting large
intestine length in redheads from time spent feeding (Bailey 1982) was
applied to data for greater scaup. Calculated large intestine 1ehgths
for adult males in Zea.rly ;nd late -spring are 91.6 mm and 84.7 mm Trespec-
tively. Obse::-ved values v;ere 92.0 mm and 84.1 mm. Predicted values

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 wejght of the large intestine did not appear to

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

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

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

‘may have been used to supply needs for lipid catabolism resulting in

i

intestinal weight loss during migration prior to arrival at Lake St. Louis,
Increases in intestinal weight may have occurre shortiy after arrival in
the earliest part of the spring before I was able to obtain samples. If
the intestines are being used as a protein reserve for migratory flight
then the weight should not respond to changes in food intake and should
not decredse as the frequency of feeding decreases.

Sample sizes of juveniles‘are small, however slightly hiéher mean
values for intestinal weights and lengths suggest that food intak;’ may .

not necessarily parallei that of adults, Differences in chronology of

migration and in behavié'ur- will affebtA’me spent feeding and food intake.
s oo .
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. Studies dealing with the gut have primarily u‘sed length as the
measurement of change (Lewin 1963, Moss 1972, 1974, Pendergast and Boag
1973, Savory and Gentle 1976a, b, Ankney 1977). ‘Miller (1975) found that
the w;ight of the gut was influenced by‘dietafy fibre and increased con-
currently with length. Late spting adult lesser scaup exhibited large
gains in small and large intestine weight without concurrent changes in
length. ' The lack of change in large intestine lé{gth agrees with the
similar feeding rates observed in early and late ®primg. The weight
measures do not seem" to be related to fee/ding rates, suggesting that
protein was being stored in the intestines to replace what was used for
the degradat;‘zon of 1lipids during migratory flight. ‘

Lewin (1963) found that the intestinal villi of California quail

(Lophortyx californicus) lengthened in response to low quality Bulky

. foods, which would presumably result in a higher intestinal weight. How-
o

ever increases in villi length were "hccompanied by longer small and large
intestines and longer cacae. Lesser scaup showed a higher weight:length

ratio in the intestines suggesting enhanced efficiency.- Breitenbach

et al. (1963) found that pheasatlnts (Phasianus -colchicus) on a p;:otein
restricted diet showed an increase in small intestine‘weight, presumably
to enhance protein uptake from available food. Increases in protein
welight and breast muscle weight may have required enhanced protein up-
take by the intestines. Increases in protein over the spring occurring
concurrently with intestinal weig\ht increases may also suggest protein

B

storage in these digestive organs. The fact that gizzard weight does not

3]

change flong with the weights of the intestines is puzzling as this organ

is believed to' be a protein reserve (Ankney 1977, Korschgen 1977, Bailey

%
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1982). Digestive oggan measurements taken on the wintering grounds before
: :

and during premigratory hyperphagiaf’iwith concurrent monitoring of feeding
rates would provide more insight ixito changes in the digestive ;:rgans.
Measurements of food consump‘tiox; would providp: more reliable data to
explain changes ;in digestive organ size. T;me spent feeding may increase
if lower quality foods are consumed. Gadwalls exhibited ‘incre(ases in
time spent feeding concurrent with declines in most gut measurements,
indicating that feeding activity reflected a change in diet and can not

entirely explain changes in gut size (Paulus 1982). Although food con-

" sumpticn can be monitored for captive birds such information is difficult

The use of stopover areas such 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 ye;ars was indicated. Cont;rary to th‘is body yeight, increases in
lesser scaup did not aiways occur over the fall. Distances between stop-~
over areas may be shorter in the fall resulting in less weight loss ‘
between stops. Body {veights of early fall adult males in 1980 indicated
that fat and protein reserves had already been replenished in many birds.
It is not possible to say whether these birds had arrived here fat or if
increases in weight occu;'red during the stopover at Lake St. Louis.
Similarly body weigh,t; of early a‘nd late fall juvenile lesser scaup were
not different from each other in 1979. Mean body weights over 700 g’
indicate that many early juveniles had already established substantial

\

reserves in early fall. An examination of raw dat)a reveals that in the

- r

late fall period of 1979 there were many low weight birds, which were

1

“to obtain for free living birds. /\‘3
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C:) presumably late arrivals. The variation in body weights is indicated

by the high standard errors associated with them (Table 9). A later %
migrationwby/sdme birds may indicate regional differences in time of

nesting or may be weather-related,. * !

' Contour Feather Molt
‘The extent of molt in greater scaup generally agrees with the results
of Billard and Humphrey (1972). The majority of both adult and juvenile
males appedr to have completéﬁ the pre—hltergate molt by the time the
spring migration is underway. Billard and Humphrey (1972) found that ,
20% of ju@enile males weré still exhibiting liéht molt whereas in the R
present study no molt was observed in this age-sex class. The exclusiog/
of the scapulohumeral feather tracts in the present study may have con—l
(:)/ tribured to this discrfpancy, however I.would g%pect that fthe maig,éeason
. 1s that the majority of Billard and Humphrey's (1972) samples vere
collected in Connécticgt. Birds from that area would not be as advanced

into the spring migration and many may not have even begun the northward ,

| journey.
Results of the present study and those of Billard and Humﬁhrey (1972)

indicate that the majority of female greater aﬁa lesser scaup are well
into the pre-basic molt during thehx éiz;ﬁ;ﬁﬁration and that these 2
energy demanding events are not separated in cim;. Overlaps of energy
demanding events may be attributed.ﬁilpressures of time or shortages of

. energy (King 1974). Although molt is considered 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 nutritiondi stress on females at,
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.

this time. However, increased food intake or adjustments Iin time-activity . -

budgets may-He necessary for molt and migration to occur simultaneously.

S
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; " CONCLUSIONS q g

Greater and lesser scaup are utilizing ptoggver areas such as Lake
St. Louis as feeding and resting areas during the course of mig;ation.
Changes in behaviour over the migratory period appear to be influenced
by levels of stored lipids in the birds, the r;tio 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 stored
1ipids. Calculations of flight ranges based on levels of stored lipids
in spring birds show that scaup have'to replenish lipids used during A
migration go reach the breeding grounds in good condition. High;r protein
levels in late spring birds indicated that proteins were being accumulated
concurrently with lipids. Changes in digestive organs coula not be ,

clearly explained by changes in feeding rates. Digestive organ changes

may be related to protein storage and functionmal changes in the gut.

-
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Table 1. Ratios of males per female in greater and lesser -scaup during
spring migration on Lake St. Louis, 1980

March 23- March 26- April 4~ April 14-  April 22-
March 25 April 3 April 13 April 21 May 1

" Greater scaup 3.9° " 3.0 2.6 . 1.8 2.0 ~
5
Lesser scaup . 2.3 3.6 1.9 1.8 1.6
k]
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Table 2.

>

spring and mean hours per day spent by each duck in these activities

Percentages of greater scaup performing various activities during daylight hours

in earlya and late

%

Feed Preen Swim - Flj
Early Early Late Early ~Late Early Late
(3.56)P (1.59)  (1.89)  (4.97)  (4.44)  (0.72)  (0.36)
Males 25,85 ** 11.5 N.S. 12.7 36.0 ** 29.8 5.2 %k 2.4
* *k k% ok *k ok N.S.
Females  27.4 %% 17.8 * 20.6 27.0 ** 20.3 2.9 %% 1.5
(3.78) (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 = 14.9,

bNumbers in brackets are mean numbers of hourg per day spent by each duck in each activity.

cPércentages of ducks observed performing each activity.

*P<0.05, statistical significance determined by chi—squaré test on raw totals.

**P<0.01, statistical significance determined by chi-square test on raw totals. -

N.5. No significant difference determined by chi-square test on raw totals.
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Table 3. Percentages of lesser/scaup performing various activities during daylight hours in earlya and late
spring and mean hours per day spent by each duck in these activities
. Feed Rest Preen Swim Fly
Early Latg Early ) Late Early Late Early Late Early Late
(2.19)°  (2.51)  (3.72)  (6.27)  (1.40)  (1.87)  (6.44)  (4.05)  (0.57)  (0.41)
Males 15.3°N.5. 16.6 26.0 ** 41.5 9.8 #x ©12.4 45.0 %% 26,8 4.0 *x 2.7
= * ok N.S. Kk *k %k *% ok %
Females, ~ 17.5 N.S. 19.0 37.6 ** 41.3 15.8 *% 19.9 27.4 ** 19.1 1.7 ** 0.8
‘1‘“(2.50) (2.87) (5.38) (6.24) (2.26) (3.00) (3.92) €0.24) (0.12)

(2.88)

‘-’Average number of dafylight hours (from 0.5 hour before sunrise to 0.5 hour after sunset) in early spring =
14.3, and in late spring = 15.1.

b

a

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

cPercentages of ducks observed performing each activity.

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

*%P<0.01, statistical significance determined by chi-square test on raw totals.

N.S. No significant difference determined by chi-square tesi: on raw tbtals.
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Table 4. Comparison of body parametersa of early'and late spring migré;t greater scaup collected at Lake
St. Louis, Quebec, 1980 ) ’
Male Female
s _ Adult _Juvenile _ Adult b _Juvenile b
Parameter x + SE (N) X * SE (N) x * SE (N) x ¥ SE (N)
Fd
Body weight - .
Early 1034.64+23.28 (7) 902,15210.15 (2) 855.00 (1) 937.00 (1)
Late ~ 1114.39+28.73 (16) 1079.35%48.47 (4) 1110.60+33.35 (3) 1047.70 (1)
Breast muscle weight
Early 89.79x 1.21 (7) 82.05% 2.43 (2) 79.00 1) 87.57 (1)
Late 91.47+ 2.05 (16) 93.42+ 1.51 (4) 90.52+ 3,87 (3) 87.43 (1)
_Leg weilght S
Early 43.58+ 1.19 (7) . 39.86% 0.98 (2) 35.33 (1) 41.53 (1)
Late 44.11% 0.67 (14) 41.17¢ 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 (L) 36.64 (1)
Late ) 46.02% 2,09 (16) 46.88+ 4,18 (4) 43.61% 1.46 (3) 40,60 (1)
Small intestine length i
Early 1605.1 *33.85 (7) 1590.0 #59.00 (2) 1621.0 (¢)) 1500.0 (1)
Late 1651.9 *37.42 (16) 1779.0 %27.29 (4) 1690.0 *11.24 (3) 1705.0 (1)

Continued.evesvsens
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Table 4 (Continued) -
J: Male Female
_ Adult ~Juvenile - Adult ~Juvenile .
Parameter x 2 SE (W) x * SE (N) ~x + SE (N) x + SE (N)
Small intestine weight
Early 21.22+ 1.38 (7) 19.23+ 0.19 (2) 26.71 (1) 15.81 (1)
Late 21.21t 1.54 (16) 21.77% 1.36 (4) 21.56% 1.68 (3) 20.74 (1)
Large intestine lengtﬁ ' ]
Early 92.0 + 1.23 (7) o 86.0 + 2.00 (2) 93.0 (1) 81.0 (1)
Late 84.1 * 1,86 (16) 89.3 t 3.68 (4) B5.3 * 6.01 (3) 83.0 (1)
Large intestine weight ) - .
LEarly 1.79% 0.06 (7) 1.50% 0.05 (2) 2.36 (1) 1.36 (1)
. Late 1.92% 0.13 (16) 1.97x 0.19 (4) Z.21+ 0.28 (3) - 2.86-(1)
Combined ceca length
Early 287.7 £ 9.23 (7) 286.0 *17.00 (2) 271r.0 1) 226.0 (1)
Late 309.9 + 5.44 (16) 308.5 £ 7.19 (4) 283.0 + 7.23 (3) 249.0 (1
Combined ceca weight . .
*  Early - . 1.15¢ 0.08 (7) 1.04% 0.18 (2) 1.35 €N 1.13 (1)
" Late 1.121 0.06 (16) 1.04% 0.08 (4) 1.40+ 0.02 (3) ‘1.47 1)
, Continued..........
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Table 4 (Continued) ~
Male Female
_ Adult ¢ _Juvenile b < _ Adult b __Juven:l.le b
Parameter x * SE (N) x £ SE (W) x £.SE (N) x + SR (N)
" Skin weight . =
Early 217.83114.26 (7) * 144,00+ 2,93 (2) 121.64 (1) 185.95 (1)
Late AN 261.56%13.21 (16) 2)40.991'39.29 (4) 273.04%21.08 (3) 259.72 (1)
Abdominal fat yeight . .
Early 9.16% 1.39 (7) . 2,66+ 0,20 (2) 1.79 (1) © 13,57 (1) °
Late [/ 18.21% 2.65 (16) 14.37% 4.56 (4) 16.30% 6.46.(3) 015,99 (1)
B!
Intestinal fat weight , , )
Early 6.21% 1.06 (7) " 1.75% 0.51 (2) — 10.35 (1) ~
- Late 12.11% 2,04 (16) 9.68% 2.59 (4) - 11.23% 3.50 (3) - 14.26 (1)
Total fat weight
Early 142.35214.63 (7) * 56.12%+ 1.94 (2) 42.09 (1) 135,22 (1)
Late 203.17417.25 (16) 171.70%44 .86 ,(4) 178.47+39.85 (3) 172,20 (1)
Continued..cescease
u
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Table 4 (Continued)
. Male
. _ Adult _Juvenile b _ Adult b _Juvenile b
Parameter } x * SE (N) x * SE (N) x t SE (N) x * SE (N)
Protein ‘weightc
Early 215.23¢ 2,75 (7) 198.60¢ 3,45 (2) 194.14 Q) 200.53 (1)
Late * 219.09% 4.44 (16) 211.71+ 3.39 (4) 205.32% 3,50 (3) 199.15 (1)
Fat~free carcass weight |
Early 755.17+11.18 (7) 716.73% 6.41 (2) © 682,51 (1) 678.58 (1)
Late .7 765.64%14,17 (16) 754.42% 9.75 (4) 713.50 (1)

755.76+ 8.83 (3)

aWe:lghts are in grams and lengths' aré in millimeters.
PWhen N < 2 no statistical test is performed.

®Lean dry weight: see text.

* P<0.05

+% P<0.01
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Table 5.
greater scaup collected during spring 1980

-0

-

Comparison of indices of lipid reserves (body weight/body length) of male and female adult

Early spf&ng

Late spriﬁg
Male Female Male ) Female
x + SE (N) x t SE (N) % + SE (N) x + SE (W)
Body welght/body length N.T. 1.934 (1)

2.25110.04 (7)

2.416$0.05 (16) N.S. "2.501%0.06 (3)

<

N.T. No test.

N.S. Not significaant (P>0.05).
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Table 6. Combarison of body parametersa of early

St. Louis, Quebec, 1980

and late spring migrant lesser scaup

4

collected at Lake

Male

Female

- _ Adult _Juvenile _ Adult _Juvenile
Parameter x £ SE (N) x £ SE (N) x £ SE (N) x * SE (N)
Body weight )

Early 778.54+13.18 (13)* 728.28%12.97 (5)* 769.13%43,26 (3)* -

Late 847.88418,90 (18) 802.45121.93 (8) 907.53%£27.26 (3) 833,40 (1)
Breast muscle weight *

Early 68.78+ 0.98 (13)* 64.57 1.03 (4)* 62.59+ 4.57 (2) -

_Late 72.11* 1.15 (18) 68.87+ 1.40 (8) 72,56+ 3.96 (3) 68.29 (1)
Leg weight

Early 31.94% 0.55 (13) 31.00% 0.67 (5) 28.73% 1.27 (3) -

Late 31.84% 0.41 (16) 31.10% 0.59 (7) 30.45% 0.58 (3) 29.99 (1)
Gizzard weight

Early 28.26% 1.06 (13) 26.70% 1.89 (5) 30.02% 2.21 (3) -

Late 29.61+ 1.20 (18) 30.81% 2.74 (8) 26.46% 1.39 (3) 34.94 (1)
Small intestine length

Early 1697.5 +48.95 (13) 1658.4 *82.29 (5) 1803.7 +113.78 (3) -

Late 1695.6 $26.70 (18) 1702.5 #55.13 (8) 1830.0 +75.14 (3) 1998.0 (1)
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Table 6 (Continued) B
Male Female
_ Adult , _Juvenile _ Adult _Juvenile
Parameter x * SE (N) x * SE (W) x * SE (W) x + SE (N)
Small intestine weight . )
Early . 16.78% 0.88 (13)*:) 14.,98x 1.72 (5) 17.76% 0.81 (3)* -
Late 20.56* 0.63_(18) 18.40% 1.44 (8) 24.91% 1.65 (3) 20.59 (1)
Large intestine length )
Early ’ 75.8 £ 1,70 (13) . 76.2 ¥ 2,71 (5) 72.7 * 4,98 (3) -
Late 78.9 * 1,10 (18) 80.9 + 3,01 (1) 76.3 + 3.18 (3) .82.0 (1)
Large intestine weight ‘ .
- Early 1,10% 0.07 (13)** 1.09+ 0.10 (5) 1.24% 0.17 (3) -
Late 1.39+ 0.06 (18) 1.28+ 0.17 (8) 1.52% 0.10 (3) 1.70 (1)
Combined ceca length
Early 256.6 + 7.93 (13) 260.0 +15.05 (5) 248.0 26.63 (3) -
Late - 265.3 + 6.19 (18)° 246.0 £18.36 (8) 253,7 %15.68 (3). 276.0 (1)
Coﬁbined ceca weigﬁt .
Early .90+ 0.05 (13) 0.88% 0.07 (5) 0,97+ 0.17 (3) L.
Late . 1.00+ 0.05 (18) 1.02+ 0,06 (8) 1,09 0.11 (3) 1.28 (1)

Continued..........
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Table 6 (Continued) \
' Male' Female .
_ Adult _Juvenile _ Adult _Juvenile
Parameter x + SE (N) x * SE (N) x * SE (N) x * SE (N)
= Skin weight . ’ * ‘ . ) (
Early 165.47¢ 7.12 (13)* 146 .31+13,19 (5) 171.34+21.06 (3) -
) Late 205.50+10.34 (18) 176.99113\.04 (8) 247.47£32.23 (3) 190.58 (1)
Abdominal fat weight ‘ .
Early 7.92+ 1.13 (13) 5.91+ 1.11 (5) 8.16x 3.34 (3) . -
Late 13.79% 1.80 (18), 11.22¢ 1,92 (8) 17.40¢ 5.14 (3)° 10.06 (1)
. “Intgstinal fat weight ) - —2 . .
"« Early 4.30% 0,42 (13)* 3.32¢ 0.80 (5) 3.78+ 1.10 (3) -
. ~ Late 9.46% 1.51 (17) 7.09% 1.40 (8) 12.32% 4.19 €3) 7.99 (1)
- Total fat weight . R .
Early 111.31% 8.01 (13)* 95.95+13.11 (5) 108.49:‘2,3.85.,(3) -
Late 165.83%14.04 (16) 131.,13x17.45 (8) 195.85%40.10 (3) 125.40 (1)
) Continued..... ersas
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Table 6 (Continued)
. Maley, Female
_ Adult 7 _Juvenile _ Adult _Juvenile
Parameter ] - x * SE (N) . x * SE (N) x + SE (N) x * SE (N) -
: ' \

Protein weight T :

Equyp . 162.09+ 2.79 (].3).x 149.56+ 2.86' (5) 151.09% 4.76 (3)* -

Late ) 167.42% 2.65 (16) 162.62% 4.01 (8) 166.12+ 4.25 (3) - 150.61 (1)

o

Fat—-free weight

Early ' 569.27+-8.78 (13) 535.37+£10.43 (5) 552.78+15.64 (3) - .

Late ~ © 581.17% 8.62 (16_) 571.49%13.69 (8) 584.71+10.52 (3) 556.50 (1)

r

Weights are in grams and lengths are in millimeters.

Lean dry weight: see text.
*P<0.05

**p<0,01
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Table 7. Comparison of indices of lipid resé}ves (body weight/body length) of male and female adult
- lesser scaup collected during spring 1980 =
s . Early spring Late spring
Male Female Male Female
X + SE (N) x * SE (N) x * SE (N) x *+ SE (N)
Body weight/body length 1.87310.03 (13) N.S. 1.88530.09 2.01620.04 (18) N.S. 2,196%0.07 (3)

> 3

N.S. Not significant (P>0.05).
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Table 8. Comparison of body weights gg)‘ of early and late fall greater scaup collected and killed by hunters

on Lake St. Louis, Quebec

:/\
-

_ Adult male Adult female
| _ 1979 - L 1980 _ 19719 _ 1980
x £ SE (N) x * SE (N) x * SE (N) x * SE (N)
Early - 915.80£29.65 '(14) “996.32+24.24 (19) 896.00 (1) 917.71£27.11 (10)
] *%
. Late 1077:34+24.51 (29) 1065.83+55.38 (6) 1044 .26+33.68 (5) 1025.00£56.57 (4)
-~ * b = -
Juvenile male \% Juvenile female .
_ 1979 Zrmm _ 1979 _ 1980
x t SE (N) i x  SE (N) x * SE (N) ¢ % * SE (N)
y 7 F ]
Early 946.52+28.17 (15) 5;:323389345.54 9) 810.7827.47 (6) *  902.00%29.19 (10)
*k
Late 991.42+24.92 (3D) 1048.75+27.53 (8) 955.39%23.46 (12) ©961.07+22.14 (14)
' >

4

Nhen N < 2 no statistical test is performed.

#P<0,05 {

*%P<0.01 » \ X

~
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"Table 9. Compérison of body wéights (g) of early and late fall migrant lesser scaup collected and killed by
hunters on Lake St. Louis, Quebec

-
Y

Adult male ' T Adult female
_ 1979 _ 1980 ‘ _ 1979 a _ 1980 a
x * SE (N) x * SE (N) 'x + SE (N) ‘ X + SE (N)
T -
Early 767.57%23.17 (14) * 881.25£30.71 (4) 602.20 1) 687.50 7.22 (4)
Late 803.57+33.38 (7) 823..33219.22 (3) 793.43172:25 (3 : . 877.50x47.50 (2)
Juvenile male ' Juvenile female
_ 1979 _ 1980 _ 1979 _ 1980
% £ SE (N) x £ SE (N) . x * SE (N) x + SE (N)
»
Early 732.49+19.41 (13) 661.67%138.44 (3) 713.64%18.62 (7) 678.33+24.04 (3)
* L §
) Late 712.51451.35 (7) % 827.50+22.76 (8) 731.63%51.41 (4) 800.00x23.61 (9)

aWheon N < 2 no statistical test is performed.

A

*P<0.05
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Table 10. Total molt scores of greater and lesser scaup during early and late spring-1980
Greater scaup Adult male. Juvenile male Adult female . Juvenile female
5 N
Early Late Early Late Early Late Early Late
(n=7) (n=16) (n=2) (n=4) {(n=1) (n=3) {n=1) (n=1)
Mean score 0.17 N.S. 0.00 0.00 N.S. 0.00 2.50 a 7.80 4,70 a 8.00
Minimum score 0.00 10.00 * 0.00 0.00 - 6.00 - -
Maximum score 1.20 0.00 0.00 0.00 - “9.50 - -
Lesser scaup Adult male Juvenile male Adult female Juvenile female
) Early Late Early ‘Late - Early Late Early Late
(n=13) (n=18) (n=5) (n=8) (n=3) (n=3) (n=0) (n=1)
Mean score 0.04 N,S. 0.46 .0.71 N.S. 0.00 7.17 N.S. 6.37 - 6.20 .
Minimum score 0.00 0.00 0.00 0.00 3.93 4.50 - -
Maximum score 0.57 5.50 3.57 0.60 11.23 < 8.74 - -
ALY \ £

?Sample size too small for statistical test.

N.S. No significant differencéﬁbetween scores.
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‘ Table 11. Molt scores of greater scaup by body regidn during early and late sﬁring, 1980
Adult male Juvenile male Adult female Juvenile fémale
Early Late Early Late Early Late - Early "Late
(n=7) {(n=16) (n=2) (n=4) (n=1) (n=3) (n=1) (n=1)
Sides and flanks
Mean 0.03 0.00 0.00 0.00 0.60 2,27 1.80 3.00
Minimum - 0.00 0.00 0.00 0.00 - 1.80 - -
Maximum 0.20 0.00 0.00 0.00 . - 3.00 - -
Upper breast and upper back
Mean 0.14 0.00 0.00 0.00 1.3.3 2.67 0.67 2.67
Minimum 0.00 0.00 0.00 0.00 - 2.67 - -
. N . ? !
Maximum 1.00 0.00 0.00 0.00 - 2.67 - -
4 .
Lower breast and belly
Mean 0.00 0.00 0.00 0.00 0.17 1.33 0.83 0.33
Minimum 0.00 0.00 0.00 0.00 - 0.50 - -
Maximum 0.00 0.00 0.00 0.00 - 1.83 - -
" Mid-back and rump .
Mean 0.00 0.00 0.00 0.00 0.40 1.53 0.20 2.00
]
Minimum 0.00 0.00 5=  0.00 0.00 - 1.00 - -
Maximum 0.00 0.00 0.00 0.00 - 2.00 - -

o e — e

19
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| Table 12.

Molt scores of lesser scaup by body region during early and late

spring, -1980

A

Adult male Juvenile male Adult female Juvenile fe
Early Late Early Late Early Late Early La !
(n=13) (n=18) (n=5) (n=8) (n=3) (n=3) (n=0) (nﬁ)
Sides and flanks 3 .
Mean 0.03 0.19 0.20 10.00 2.73 2.33 - 2.40
Minimum 0.00 0.00 0.00 0.00 2.40 2.00 - -
Maxismum 0.40 ) 2,20 1.00 0.00 3.00 2.20 " - -
Upper breast and upper back ]
Mean 0.00 0.15 0.33 0.00 2,00 1,89 - 3.00
Minimum - 0.00 0.00 0.00 0.00 1.33 1.33 - -
Maximum 0.00 1.67 1.67 0.00 3.00 2.67 - -
Lower breast and belly
Mean 0.01 0.06 0.10 0.00 1.39 0.61 - 0.00
Minimum 0.00 0.00 0.00 0.00 0.00 0.17 - -
Maximum 0.17 0|.83 0.50 0.00 2,83 1.00 - -
Mid-back and rump
Mean 0.00 0.07 0.08 0.00 1.07 1.53 - 0.8
Minimum 0.00 0.00 0.00 0.00 0.20 0.80- - -
Maximum 0.00 0.80 0.40 0.00 2.40 2.60 - -
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Map of Lake St. Louis, Quebec, showing observation points from which behavioural data were collected.
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Daily pattern of frequencies of activities of lesser scaup in early spring, 1980.°
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- ABSTRACT

v

Greater scaup (Aythya marila) and lesser scaup (A. affinig) were

collected during their spring and fall migrations at Lake St. Lc;uis,
Quebec, in 1979 and 1980. Body measurements and weights of fat deposits
were obtained for 35 greater scaup and 39 lesser scaup. Carcasses were
:homogenized and analyzed for lipid and water content. Percent body water
and skin weight were the best predictors of ether-extractable body 1ipids.
Bod'y weight and body weight/bo‘dy length were good predictors of ether-
extractable 1i‘pids but may provide‘less reliable estimates if used‘ for
scaup at other stages of their annual. cycle. _Only abdominal fat weight
could be used to derive a single predictive equation estiﬁting ether~
exj:ract“gble lipi§s f.or both épecies: Regression lines with body weight
or'body weight/body length as the independent variables had thé same

slope for both species but these differed in elevation. .

-,
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- INTRODUCTION
- Measureniegts of specific fat deposits have been used as indices of
reserve lipids :\L\xi\geese (Hanson 1962, Ankney 1977, Ankney and MacInnes ~
1978) . Campbell and\Leatherland (1980) have described a method for

estimating body lipids dK:oteins in lesser snow geese (Anser c. \

caerulescens) using measurements of body weight and body water. Various
AN

indices ‘*including body water and individual fat deposits, ha\(e been used
to derive predictive equat:fons for estimating reserve lipids in ducks

(Woodall 1978, Bailey 1979, Wishart 1979). Bailey (1979) has suggested

¥

that the predictive equations he presented for the redhead (Aythya

_americana) may provide reliable estimates of reserve lipids for other

species of Aythya.

The primary objective of this study was to derive and compare pre-
dictive equations for estimating extractable lipids of greater and lesser -
scaup. These equations provide fast and inexpensive methods of estimat-
ing ether-extractable li:ﬁids. The underlying hypothesis was that
extractable %ipids may be predicted foi' more than one species ;;é‘:tng the
same equation if tbi gpecies considgred are structurally similar. The
ability to do this ac\ltéj greater evidenc'e that the species in question

are closely related.

o e e smepirn e s




N e

i

~——

73

e - METHODS

Adult greater and lesser scaups were collected by shooting under
permit from the Cal;:;ian Wildlife Service at Lake St. Louls, Quebec
45° 24" N, 73° 50' W), dutring spring and fall migrations in 1979 and
1980. During botﬁ years birds were collected during the month of April
and from the last week in September to the first week of December.
Numbers of each sex ax\ld\pecies were as follows: 29 male greater scaup;
6 female greater scaup; 31\ ‘male lesser scaup; and, 8 female lesser scaup.
Birds were weighed fresh to the\pearest 0.5 g and were frozen withfn'
2 hours of collection in sealed polyethylene bags for later analyses.

Measurements we¢re taken on 1ndice§\of structural size and ether-
e;:tractable 1lipid \ich have been used I)\}'\Qt:her authors (Woodall 1978,
Bailey 1979, Wishart 1979). The following me\ﬁsyremen‘tg to 0.5 mm were
taken with a ruler on thawed birds: (1) body length from the tip of tl;e
bill to the end of the longest retrix with the bird firmly flattened on
its backr and the neck straightened but not stretched &Qng chord with
the wing flattened and straightened as described by Carney (\ 4) ;3 bill

length from the commissural point to the tip of the upper mandible; and .

(4) culmen length from the tip of the nail to the "V" of feathers on
the forehead (Harris 1970).

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

taken of : (1) umplucked skin, including the subcutaneous fat but excluding

the wings which were severed at the distal end of tbe humerus, and the
feet which were severed at the junction of the tibiotarsus and the
tarsc;metatarsus s (2) plucked skin; (3) abdominal fat deposit wﬁich 1lies

in the abdominal cavity, under the subcutaneous fat and partially
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surrounded by the'pubic bones ; a’nd (4) intestinal mesenteric fat. Keel
length was measured to 0.5 mm with a clear plastic ruler.

The entire bird excluding plumage, feet and bill, was ground in a
meat grinder, thoroughly mixed then homogenized in a blender. The feet
and bill were not included due to difficulties with grinding. Two 20 g
"samples of each hoﬁogenate were%reeze-dried at -50°C and 5 microns of
pressure to a ’constant weight to estimate water content. Dried samples
were finely ground and washed in petroleum ether for 18 hours in a
modified Soxhlet apparatus capable of holding 20 samples, . Samples were
dried in a vacuum oven at 105°%¢ then reweighed to obtain estimates of
their 1ipid content. All samples were weighed to 0.005 g throughout the
p;:ocedure. Forwvard selection, backward elimination, and stépwise
multiple regression analyses (Barr et al. 1979) were performed to deter-
mine the best predictors of fat—free weight. Simple linear regression
(Barr et al. 1979) was used tokdetermine relationships between various ‘
indices and ;extractable lipids. " Comparisons of regression lines between

—

species was done using analyses of ¢ovariance (Snedecor and Cochran

'

1967).

.
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RESULTS

Several independent variables were good predictors of ether-extract-
able body lipids (Tables.l and 2). Fresh body weight. alone explained
81%Z of the variation in total 1lipids for both specie;‘».yl‘y~h‘The best pre-
dictor was percent body water (32 = 0,95), which varied inversely with
stored lipids. Whole skin weight provided reliable estimates for both
greater scaup (R? = 0.91) and lesser scaup (R?> = 0.95). Plucking only
slightly improved the predictive value of skin weight. Abdominal and
intestinal fat deposits were good predi;:tors, however, the latter
explained- more variation in extractable lipids for lesser scaup 23_2 =
0.85) than for greater scaup (_132 =0.77).

The only structural parameter selected as a predictor of fat-free
carcass weight was body 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), 32 = 0,47, P<0.0001). For lesser scéup the equation _19:
fat-free weight (g) = -361.56 + 2.24 x body length (mm), (x = 416.13 mm
+ 1.65 mm (SE), R? = 0.39, P<0.0001).

Fresh body weight was adjusted for individual differences in fat-
free weight by dividing by body length. Although this me;:hod corrects
for structural differénces between "sexes, quy weight/body length
explaiped 827 of the variation in extractable lipids for both species,
an increa'se of only 1% over body weight 810;16.

Regression equations predicting extractable lipids were compared

between species for each indepéndent variable (Table 3). The only pair

of regression lines which could not be considered different for both

species were those with abdominal fat weight as ‘the independent variable.
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A single equation derived from pooledw data from both species is: body -

1ipid (g) = 64.99 + 7.11 x abdominal fat (g), (X = 12.61 g * 0.98 g
(SE), 52 = 0.86, P<.0001). Regression lines using body weight or body

weight/body length as the independent variable had the same slope for

-both species, ﬁow?ver, elevations were significantly different (P<.01).
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DISCUSSION

The condition of an individual may be evaluated by relating nutrient
reserves to nutrieént requiremehts at the stage of the annual cycle.
Therefore indfces of body lipids Tus t provide ;eliable estimates of lipid
reserves and should be easily obtained. Several of the parameters tested
satis~fy these requirements. Skin weight, whole or plucked, is a good

n .
predictor but caref/ul removal of the ékin and subcutaneous fat deposits
from a large bird is time consuming. The abdominal fat deposit provides
slightly less reliable estimates but is much quicker to disect and can
be feadily obtained from hunter~killed birds. )

Measurements of body weight and body weight/body length are the
easiest indices of body lipids to collect and 'may be the only data avail-
able, These values can be obtained from both living and dead birds.

The correlation between fresh body weight and extractable lipids is

particularly high. This is because increases in fat weight over

the period of migrg/tion were 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 less accutafé“’e?&mates if non~fat com-
ponents (eg. protéin reserves.) are different.

- 'Child and Marshall (1970) used water content to estix;ate body 1lipids
and fat-free weights of small birds. Re&heads (Bailey 1979) and wigeon
(Wishart 1979) showed strong correlations between percent body water
and reserve lipids. Similarly percent body water provided the best

estimates of total lipids in migrant greater aund lesser scaup. This
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* _ . 1 {
relationship i{s logical. Since fat-free weight changes were relatively

small in magnitude (Chappell 1982), any increase in lipids will cause
a de::{ease in body water expressed as a percentage of body weight. Birds
used by Bailey (1979) and Wishart .(1979) were collected over various
stages of the annual cycle but it appears that the variation in water
content between individuals was not enough to greai:ly reduce the cor-
relation between percent body water and body lipids. Although body water
provides reliable estimates of lipids, its value is tedious to obtain
and the mutilation procedure limits the use of specimens for other pur-
poses. -

Several waterfowl researchers have used morphological measureu;enta
to correct body weights for variation in structural size (Harris 1970,
Owen and éook 1977, Bennett and Bolen 1978). Since changes in fat-free
weights of scaup over migration were relatively small, this was a good
measure of structu}‘al size. Concurring with the work of Bailey (1979),
body length explained most of the variation in fat-free weight. Wing
‘length has been shown to have a strong'relationship with fat-free weight
in passerines (Connell et al. 1960). Although wing length also showed
a strong correlation with skeletal weight of American wigeon (Wishart
1979), it was‘~not:"included as a significant variable in the modgl pre-
dicting fat-free wei;ht of scaup. ) '

0f the indices tested, only abdominal fat provided an equdtion that
could be used for predicting lipids of both greater and lesser scaup.
This equation does not resemble the ome calculated Qby Bailey (1979)

for redheads, (body lipid = 53:90 +9.37 x abdomina}l fat weight),

although these were not compared statfstically. i‘hese results suggest

.
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that a single equation w:tth.ahdnm:lnai ifat as the independent variable-
could be used to estimate bc’>dy 11pids in more than one species only if
they are closely related. Johnsgard (1965). divides Aythya into 3 distinct
subgroups: the true pochards, the white eyes, and the scaup-like ducks.
The equation using abdominal fat In the present study may therefore pro-

vide reliable estimates of 1lipids for the tufted duck (_A?. fuligula) and

the New Zealand scaup (A. novae-seelandiae) as it did for greater and

lesser scaup. Similarly, Bailey's (1979) equation for redhe;ds may pro-
vide reliable estimates of body lipids for the canvasback (A. valisineria),
European pochard (A. ferina) and the ring-necked duck-(A. collaris).
F'urther testing is required to substantiate this.

The fact that other indices of body lipids could not be used to
de;:ive single equations for greater and lesser scaup may be due to
species-related differences in morphology and body size. Lipid content
as a f;xnction of body weight produces almost identical slopes for both
species., However, a significant difference in elevations precludes the
use of a single equation to estimate body lipids in live-trapped greater

and lesser” scaup. . ) /
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greater scaup (n = 35)

Table 1. Regression of ether-extractgble body lipids (g) on independént variables for migrant

Coefficient of

1 Independent variable Mean t+ SE determination® Equation
;' " Body weight (Bwﬁ 1071.16g+18.41g 0.81 Y = ~462.50+ 0.59 (BW)
V% Percent body water (PW) 58.75%% 0.74% 0.95 Y = 1109.58- 15.98 (PW)
1 Skin whole (SW) 239.59gt 9.87g 0.91 . ¥ =-109.73+ 1.17 (sW)
Skin plucked (SP) 172.22g+ 9.533_' 0.94Y Y = -40.84+ 1.23 (SP)
Abdominal fat (AF) 14.20g% 1.61g 0.87 Y 71.70+ 6.96 (AF)

; Intestinal fat (IF) 9.36g+ 1.13g 0.77 Y 83.24+ 9.33 (IF)
.E Body weight/body ' .

| length (BW/L) : ‘ 0.82 Y = ~536.63+302.26 (BW/L)

®A11 correlation coefficients were significant (P<0.0001).
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Table 2.

-

lesser scaup (n .= 39)

| \g//’

Regression of ether-extractable body lipids (g) on independent

o

variables for migrant

)

b e Independent variable

~

Coefficient of

'y

i Skin whoTle (SW)

Mean * SE determination® Equation

=) Bod;;weight (BW) 814.92g+13.42g ¢ o.m ¥ = -346.57+ 0.60 (BW)
Percent body water (PH) 57.74%% 0.72% 0.96 ¥ = < 840.99- 12.13 (B)

' 189.15g+ 7.41g 0.95 ¥ = -80.60+ 1.17 (SW)

Skin Qluckeé (sP) * " 138.96gt 6.62g 0.95 .Y = -41.60+4 1.31 (SP)

Abdominal fat (AF) 11.19g* 1.l4g 0.84 Y = 66.91+ 7.12 (AF)

! ] Intestinal fat (IF) 7.24g+ 0.88g - 0.85 - ¥+ 72.80+ 9.35 (IF) -
Body_weight)boéy N JA ,
Y =

o 5 length (BW/L)

-

0.83

o

o * ®A11 correlation coefficients were significant (§<0.0001)i
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Table 3. F values calculated by comparison of regression lines predicting ether—extractable-
lipids for migrant greater and lesser scaup

¢

ol Comparison of s Comparison of Comparison of
Independent residual variances slopes elevations »
variable, X . (d£=33,37)8 (df=1,70) (df=1,71)
Body weight, g (BW) . 1.66 o o.01 127.28%* B
‘éercent body water (BW) i . 1.73 27.9?** -—-c
Skin whole, g (SW) T 9728k . ' -

* $kin_plucked, g (SP) 2.10% _.D . _— ‘
Abdominal fat, g. (AF) . v 1.35 0.05 ~ 2.31
Intgstinal fat, g (IF) 2,50%% - P -

Body weight/body 1ength-(BW/L) 1.69 ‘ ,0.65 ", 85.85%%

. 2a11 residual mean squares for greater scaup were larger than those for lesser -scaup.

bComparison of slopes was not done because residual variances were significantly different
from one another. ’

cComparison of elevations was not done because slopes were significantly different from
one another. '

*P<0.05

*%P<0,01
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