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Abstract

Nest-site placement of Northern Pintails (Anas acuta)
was examlned on the prairie of southern Alberta. Northern
Pintails neeted‘on the grazed mixed prairie around’sﬂallow
waterbodies in greater numbers than any other duck.sbeciee.
_Nests were commonly placed 1-3 km from. water. The hypothe51s
that. nestlng far from water is a result of* male chas1ng was
're]ected 3n favor of a predator av01dance hypothe51ss
Nest-to-water movemenrs bydducklings did not deplete their9
lipfd reserves and did not appear to be physiologicall}
derrimental.‘Overland travel may not be as hazardous as
generally assumed,_ .

Captive Northern Piatails nested earlier, laidnlarger
clutches, and renested more readxly than did wild blrds.in
southern Alberta. Food may limit these parameters in the
w1ld WllG adults nested Egrller and, la1d larger clutches,
1ndependent of the laying date, than did yearllngs.'The
. reproductive output of Northern Pintails nesting ih soUtherne
ﬁlberta was con51derably lower than that of birds breedlng
at Delta, Manltoba, and appears low compared to other

’ dabbllng ducks.

Clutch size wascstxongly correlated w1th laylng date. A
number of proximate causes 1nclud1ng hen age, renestlng, and”
poor food supply suggested to explaln th;s phenomenon are |
i‘rejected. It appears that laying date i mself ‘is the

: : : > - : i o
influencing factﬁr,although the exact.mechanism is unknown.

7
14

The ultimate reason for this seasonal decline in clutch size



may bé a seasonaily declining survival rate of the young
which}ﬁés selected for reduced feproductive effort later in
the breeding season. . . | -

The egg size of Northerﬁ Pintails was quite variable,
but no more so than morphqlogicél features of hens. Egg size
was a gooé predictorsof s?ie of the young. Diet can have a
strong influence on egg size. A nuﬁber’of other- sources of
potential variét&on in'egg size were examined and found to-
have ligtle or no effect. Individuais consistently laid
similar sized eggs. Thefe was no signif}cant he}i{aﬁility
value for egg'size betweép captive daughters and wild
mothers. The utility of hefitability values tg\ecélogists is
disc;ssed, ‘ ’:' o - |

Neonate Northérn Pinta%@s were found to have é hiéh
“lipid gohtent‘primarily attributable to their lafge carcass
fét’deposits. These carcass resérves were the mostjimportanf
Psoﬁrcé'of energy under starvation éondjtions. The yolk wasl
imporpant to growth of_the.auckling§ butlwaé_not~aﬁ |

important source of nutriment to starving ducklings.

o
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f‘ 1. INTRODUCTION
l

ACADEMIC RATIONALE

Why study reProductlve tralts and neonate body
X )

reserves? Natural

1

selectwon 1s based oq/surv1val of the
"fzttest" and because of the dlfflculty n assesalng

llfetlme fitness’ of 1teroparous;nrganasms 1nxthe wild,

9]

n
e (5

easonal reproductlve output is often uSed as a measure ot
tness. Both reproductlve parameters ‘and neonate body
serves are believed tc be clopely 11nked t o- the

reprodrctlve success of an 1nd1v1dua1h The knowledge..of
I
b

/organlsms that we obserVe-today This Is what evolutionary

tnegs ttaits and the variation within'themrenables us to

etter ‘undefstand how natural selectlon ‘has shaped the’

‘ecology attempts to comprehend and why a study of

g

reproductive tralts niay be deemed "important".

«

~ " . ’
/ .y The above ig typical, though perhaps shorter than, what
. . '

¢ 0qe.mfght expect 1n a'thesis introduction entitled
"Rat{onale". What is ‘considered to be the ratlonale or .
, va
'reaéon(s) _for a study 15 subjective, dependent upon the °
outlook of the personlqnqu1r1ng What constltutes boria - fide
ratlonale in the op;nlon of one may not be acceptable to
another because ratlonales are often not sc1ent1f1c truths
. but rather ph losopnlcpl bellefs. / ' 0
On the brOadest level, the reason for my study is the

same as that for research in general it created new

.

lzknow}edge. Bénneau and Corry (1972) argued that the guest

.



for new knowledge "...1s justified on cultural groundsj
enlarging and exalting the spirit somewhat as music, art and
literature do” (p.43), and that a central element of West
European cuitJral tradition "...is the valué of truth as
. something indispensable to humanity, and the obligation felt
to pursué it, declare if, and sustain it" (p.16). Th¢
generation of new knéwledge has also been rationalized on ]
the baéis tﬁ%t "the nature of man demandé fhat he continue
to explore, and that, generation after generatiyn, he seek
go learn more.about the universe and about himself. Research
for 1ts own sakf 1s one of the noblest activities of man and
Qﬁe of the ways of enriching life" (Macdonald et al. 1969:
7). Research contributes "...to the conceptual development
of science. Tﬂis is to fay, the motivation is.to add to the
accumulated,lobjéctive and systematic knowledge of the
inhefenp properiies and interactions of matter, space,
energy’, hatqral phenomena and biosystems" (Science Council
of Canada 1972: 18). Research has been justified because it
can "...improve the health and longevity of Canadians,
enrich our cultural resources, (and) improve the quality of
the envi}onment in which we live..." (Macdonald et al. 1969:
2). One of the subobjectives of the'Natural.Sciehces and
Engineering Research Council of Canada (NSERC), which
prgvided mych of the funding,for this study, is "..;to
support excellence in research for the c;eatiom of new

knowledge"” (NSERC 1985: 1). Thus, my study can be

rationalized, as can research in general, on the basis that

*

¢



1t produced new knowledge.

Another line of justificationlfor my research 1s that
1t provided me with the opportunity to learn how to conduct
research.~The opportunity to conduct research is necessary
to develop teachers and students, and to produce good
scientists (Science Council of Canada 1972). Research is
valuable because it enhances,"...individua} intellectual
opportunity..." (Macdonald et<31. 1969: 2). Another NSERC;;
subobjective is."...to assist in the provi§ion and -
devélopment of highly'qualified manpower” (NSERC 1985: 1).
Cénsequently, my research can be justified on the basis that
i1t was an educational experience thét permitted me to learn
about zoology and how to do research.

-Both of the ébove rationalizations are those given tor
pure or basic research in geheral. Some types of reseéfch
can also be justified because they are applied or practical.
My study Treceived support from the Canadian National

l Sportsman's Fund and Ducks Unlimited (Cana‘da). The reasons
fogvtheir support were undoubtedly based on the féct that niy
study was, concerned with ecologicai aspects of an important
.gamefspecies and that ultimately, my research would be
useful for the management and consefvétioh of that species.

Thus, another reason for my research was that it was
. . L

concerned with matters of a desirable wildlife species that
could have practical benefits for its fufure management.
~Science is the systematic search for truth or facts.

—

‘The above rationalizations were made a posteriori and may



not constitute "good science". From my perspective, the

following were some of the proximate facts or truths of why- . -

this study was conducted and thus constitute "good science"

as a rationale.

The answer to the guestion why study a bird, or why
study a duck, is simply because I wanted to: personal |
interest. I chose to study the Northern Pintail (Anasvacuta)‘
because 1t was practical, it being the most abundant duck
species on my study atea. As I read more about this speéies
and observed it more, I gained a keeﬁ interest 1in it.‘fhe
Northern Pintaill was also personally attractive as a sthdy
animal because it is an important game species and, thus,
the study would have practical importance.

"The primary reasons for étudying‘reprodUctive tratits
were: 1) intellectual curiosity; 1 wés intefested andtthese
things were unknown, and42)potential practical benefits;
some aspects could be usefhl_to biologists and managers.
Another reason for this study was the experience i ga&aed‘
-when initiaily starting a Master of Science reseérch project
on duck brood survival. The observations I made _and the data
I collected in'that‘first‘ﬁieid séason mghe me 1inguisitive
, about those subjects that:have‘come to constitute.my
disserﬁa%ion. SQme of the contents of this thesié are
attributéble to the interest and guidance of my€supervisor'
and supervisory committee. Hence, those pérSéns;werevthe
reaébn'for condﬁctiﬁg somé aspe¢¢s of thiévfeséarch and they
deserve some of;the credit (or blame). 1'a1so jhstiﬁy my'

c— s R ”»



research on the basis that it was concerned with what I
‘berceived to be biologically important queStioﬁs,
Reproductive traits such as laying date, clptéhfsize, and

. .e99 size_are closely’related to fitness and 2re,‘in’my
opipion, very basic characteristics of species, desé?ving.of

g

H‘study.

STUDY ANIMAL

‘'The Northern Pintail.is a,holarctic.species and 1s the
»second or third most abundaﬁt duék.in North America
(Bellrose 1976). It breeds in most parts ofvthe h&fthern
half of continental North America although it is an uncommon:
breeder in the eastern half of the continent and, on the
west coast, nests as far south as California (Bellrose 1976,
Palmér 1976). Northern Pintails typ{cally nest in treeless '
éfeas and,'during the breeding season, are mdSt‘abundant on
the mid-continent prairies and 1n parts bf Alaska (Bellrosé
1979) . The birdsimigréte to ﬁhe,southefn,United Stétes and
northern Mexiéo for thé winterlnTQo behavioral
‘characteristics of the Northern Pihtéil'tﬁat‘sép‘it apart as
an anomaly among ducks are;'l) its'lack of terri;briall
behavior durihgtthe breeding ééaéontcombined'with a4high
"level of sexually°oriented puréuit of femaleé by males
:(Smithff968 Derrickson 1978 Tltman and Seymour 1981), and
2) its pronounced movement’ to northern areas durlng the |
breedlng season. when droughts occur on the pralrles (Sm1th’

" 1970, Derksen and Eldrldge 1980).
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"I1. NEST-SITE SELECTION BY NORTHERN PINTAILS ON THE PRAIRIE

OF ALBERTA: CAUSATION AND CONSEQUENCES FOR DUCKLING SURVIVAL

INTRODUCTION

Northern Pintails (Anas acuta) typically breed in open,
treeless areaq:(Hilden 1964, Bellrose 1976); during the
breeding season in North America they are most numerous on
the micd-continent prairie, particularly southern Alberta and
Saskatchewan: and on parts of the arctic tundra, princioally
in Aiaska (Bellrose 1976, 1979). Aithough some arctic areas
are inhabited by large numbers of Northern Pintaﬁls during
) drobght years on the‘prairiei the reproductive output of
these birds appears to be low (Calverley and Boag 1977,
Derksen and Eldridge 1980);'The importance of the prairie‘
breeding habiﬁat‘to the'ouerali proGUCtiQity'of Northern -
lPlntalls 13 ev1denced by the posxt1ve correlat1on between
: cont;nental recrultment “and the relatlve proportion of blrds
1nhab1t1ng the pralrles‘(Smlth 1970) S ‘@ :
h The pralrxes of southern Alberta support hlgher
den51t1es of breed1né Northern Plntalls than any other‘
»reglon (Vermeer 1972 Bellrose 1979) Much of this area. . is
rangeland .and consequently many of the b1rds breedlng there
nest ori grazed pralrle.vMost 1nformatlon avallable to date .
: on the'1ocatxon of nest 51tes of Northern P1ntalls has come
from Manltoba and North Dakota where Northern Plnta1ls are |
ffrequently found nest1ng, often unsuccessfully, ;n- |

¢

cult1vated f1e1ds (Sowls 1855 M1lonsk1 1958 H1gg1ns 1977



Krapu 1977).

| This study examines the location of Northern Pintail
nests around a number of shallow basins in grazed prairie
near Brooks, Alberta. The use Qf artificial‘islands for
nesting sites is compared to that of the mainland including

the location of nests of other duck species. The distance of .

KRN
-l

Northern Pintail nests from water is determined and the
hypothesis that m&le pursuit flightsvcauses hens to nest far
from water is considered. The consequences.of nqéting far

from water on the subsequent survival of Northern Pintail

ducklings 1s also examined.

f
<"

o

STUDY AREA AND METHODS . « -

P

The study was conducted in an area of grazed mixed. .
grass prairie abowt 35 km south-east of Brooks, Albertf%from
yoRE el oo

1981-1984, The study area included four impoundmentsﬁﬁﬁidh *_f
: o . W
are managégd for waterfowl production by Ducks Unlimipeé‘jfé?ﬁ ’

L aom

“These impoundments (Tilley O, Tilley. P,‘KinihviggFL.
. 4 R S Mt

Canada;
and Kininvie Sf‘are‘described by Giroux (1981). At high‘__xﬁfa
.water levels, the areas of these ifpoundments were, o
. r?spectivelf, about 0.7, 0.2, 2.0 and 0.75 km?. Each basin
;;ontainédﬁartificial islands; The water in these |
impoundmehts wés less than t m deep except for 1-2 h deep

.

moats around the islands. ‘
The mainland vegetation was mixed pfairie of fhém
Stfpa-Bduteloua associatiop (Coublanﬂ 1961), -although the

short'grass, blue grama (Bouteloua'ghacifis),‘prédoﬁina;ed"
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-in this area. Scattered clumps of silver sagebrush
(Artemisia cana) and plains pricklypedr (Opuntia
polyacantha) were the most conspicuous components of the
vegetation. Fringed sagebrus% (A FPIglda) spikemoss -
selaginella (Selaginella densa) moss phlox (Phlox hoodii),
and ground dwell1ng llchens are common. The shorelines of
_the waﬁerbodles cons1sted of a small (<10'm) zone of
relatlvely dense mid- helght grasses. The mainland vegetation
remained essentially unchanged throughout the summer,
whereas there Was extensive growth on the artificial
islands. By early summer, the built-up islands were about
half-covered with 0.5- to H—m—high forbs such as Canada
thistle (Cirsium arvense), bull‘thistle (C. hookerianum),
lambsquarters goosefoot (Chenopodium_album), flixweed
tansymustard (Descurainia Sdphfa)h and comnon Russianthistle
(Salsola kali). Spérse mid-height grasses and bare earth A
covered the otherrhalf, ‘

Nest searches were conducted on. the islands and
malnland every 3 weeks or 1ess The art1f1c1al islands were
searoD'd by walk1ng across them systematlcally whereas the
malnland was searched by flushlng hens from nests with a
.50 80 m steel rope dragged between two vehlcles along
parallel transects. Duck nests were attrlbuted to a spec1es
based on 1dent1f1cat1on of the flushlng hen, and |
ﬂocca51onally.by charaoterlstlcs of theleggs and}feéthe:s in
'the‘neSt; The stage of'incubation of'the egge was estimated

_by candling, using Weller's (1956) guide to embryo

A
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develqpment.»Layjng date was calculated by “back-dating from
the stage of incubation and size of the ciutch. To obtain
data on individual Northern Pintails, hens were trapped on
their nests using drop traps (Sowls 1949), modified Weller
traps.(Weller 1957), or bow—neg traps (Sayler 1962a), and
identified as either yearlings or adults based on
~wing-feather characteristics (Duncan 1985a). The straight
line distance from a nest to water was measured by vehicle
p

‘odometer.

The comparieon of island- and mainland-nesting ducks
“was restricted to Kininvie F because the southern perimeter
“of this i1mpoundment was the site of the prlnc1pal mainland
study plot. In 1982, the mainland around t\E“southern
"perimeter of Kininvie F was searched out,to about” 500 m from
shore. The study ploe covered 1.65 km* and included a small
amounﬁ of grassy shoreline. In 1983 and 1984, nest searches
were conducted along parallel transects that were
perpendicular to the shofeline and were extended out to 1.5
km and 3.0 km from the,shore[ re§pectively,\ﬁn-;hefiaeter 2
years, nest searches were restrietedbto-prairie vegetatipn

.

and did not 1nclude any shorellne vegetatlon Tpé\area
searched during 1983 was about 4. 0 km’i In 1984 only a
limited amount of nest searching was conducted-on-the - - -
mainland and'species other than Northern Pintail were
elgnored to expedlte the searches._Each year, all 14

artificial 1slands in Kininvie F were searched for nescs

The average;dlmens1ons of - the 1slands determined by tape

!
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: , : o ‘
‘measure was 18 x 5t m for a total area of 1.33 ha.

To examine the seffect of a long nest-to-water movement
on newly-hatched Northern Pintails, ducklings from
art1f1c1ally hatched clutches were walked 3 km outdoor& when
12- 24 h old [ducklings generally remain in the nest for
12-24 h after hatch (Kear. 1965, Bjarvall 1968)1. Half of
each brood was randomly selected to be walked with the
remainder of the brood heing maintained outdoors in a-
i-m-diameter enclosute. The walked ducklings were led b;{a
human at the speed of 1 km/h (see‘Duncan 1983). At the
half-way point, the ducklings were permitted to rest for
about 5 min if ‘they appeared tifed. After the walk, the
entire brood was placed together in a 1-m-diameter indoor
brooding facility with heat lamps and free access td'wate:.
Only synchronously-hatching broods Qere usedt ' -

Eome broods'were given ‘ad libitum food (22% protein’
goose and duck starter, Lakeside Feeders Ltd.) after the
walking experiment ahd their gg?wth was monitored:hy
Qeighing the‘duckiings and measuring their culmens and
tarsometatarsi. Measurements were taken after the walk and
at subsequent 2 day 1ntervals up to 1 days of age. The
culmen was measured between the distal tip and proximal
median of the upper mandible, and the measurement of the
tarsometatarsus included the dlstal‘condyle of the o
b_ t1b19tarsus. Measurements were made with vern1er cal1pers
Some broods were proh1p1ted access to food after the

.

walking experiment and were sacrificed 241h after the end of

.



the walk to examine their energy reserves. Yolk sacs and
livers were excised and weighed and the remaining body was
frozen for subsequent lipid extraction. Lipid analysisggof

P

t he @Frcass (withoyt'feathersv bill, feet, yolk sac, and

liver) was conducted with petroleum ether in a Sohhlet

apparatus. )
Statistical analyses were condocted using the SPSSN

- package with a significance level of 0.05. Repeatabilities

Mere calculated as outlined by Falconer (1960).

RESULTS AND. DISCUSSION & e

Northern Pintails were the prgdbmjnant duck species’
nést;ng on the mainlqnd prairie, their nests comprising‘
53—67%~of all mainland duck nests (Table ;I—H). The higher
proportion of Northern Pintail nests in the 1983 eearches A
wes likely "a result of: 1) searching further_from water |
where Northern Pintails were relatively more prevaleat, é)
the omission of the,grassy‘shorelinelwhichAcontained‘d
number of nests of other duck species,[particulariy‘
Bluenwinged Teal (A. diSCOPS)], ‘and 3) an apparent deerease
in numbers of nesting Green W1nged Teal (A. CPecca) The
hnext most common ‘species- nestlng on the malnland pralrle»\,

. were Northern Shovelers (A clypeata) Blue wxnged Teal “and
Green—w1nged'Teal Slmllarly, Keith (1961) round that | |
_ Northern Shovelers Blue wlnged Teal, and Northern PlntailsN

were, the ‘main duck spec1es nest1ng on an area of m1xed

ivpralrge about' 100’ km from that studied here.

>
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¥ T3ble II+1. Species composition in pergcent (n in

& V“
¥

v ¢

5
Ys

& v . - ‘ . ‘
parentheses), and density of duck negts‘on mainland and

"artificial ‘islands, Kininvie F, Alberta. -

.14

o
G « . ‘ v :
it - . Artificial

g N;Mainland islands |

Cspecies T 1982} 4 1983%  (1981-1984)
Northern pintéiﬁ_ N 53-(27) 67 (70), 13 (57)
ﬂorthern‘Sthéier L; - 8 (4) 20 (21) . 1;\(99
,:B‘iued—wing'ed,'real | s 14 (7). 4 (a) s (23}
‘Gteen-winged Teal 10 (5)  “ 17(1) 1)

N Gadwall. ~ . _ - L 6 (3) - Lo s (104)
Mallard L 4 (2) }o (0) 24 (102)

~ Lesser Scaup ' 2 (1) -0 (0) 21 (87)
American Wigeon 0 (0) , ’4 4) 2 (7)

. Redhead R . 0 '(0)'_ 0 (0) , 2 (10)
»'ﬁlﬂdéy Duck - 0 (0) W 1(2)
Unknown | 4 (2). . 3?§§) .5 (22)

TfI‘oté‘i X N 101 (51) 100 (104) 99 (425)
Dgnsity (nests/ha) o 0.31 ©. 0 0.26 - 80.0

'm from water,

- . v 7 ) .
-®only prairie vegetation; searched to 1600 m from water.

o

" 41ncludes small amount of grassy shoreline; searched to 500
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In contrast to the species composition éf ducks nesting
on the méinland, Gadwalfs‘(A. strepera), Mallards (ﬂ.
platyrhynchos), and Lesser Scaup (Aythya aff inis) were the
. prevqlenf species on the artificial 1slands. Thishwas
primarily because of their greater propensity for nesting in
&hé dense forb cover on the 1slands (Duncan 1986a).
Gadwalls, Mallards, and Lesser Scaup often nest in high
densitiesvon‘islands (Giroux 1981). Giroux (1981) studiéd a
number of shallow impoundments in the same aréa as this
study, including Kininvie F, and found that Northern
Pintails dhé teal comprised a higher proportion and Gadwall

and Lesser Scaup a lower proportion of the island-nestihg

ducks than in this study. These differences could be

attributed to ‘the fact that the single wateérbody consiéered

herein, Kininvie F, is the most permanent of the shallow

-~

waterbodies studied by .Giroux (1981) and thus might receive

heavier use by late-nesting speéies such as Gadwall and
Le%ser Scaup. Other possible reasons could be increased

<

vegetative cover through succession over the intervening
LR . .
differential species recruitment since Giroux's (1981)

. study. .
Thé.density-qf duck nesté on the artifici;l islands was
. much greafer'than on the mainland (Table II-1). The nest
density of Northern Pintails was highér on the artificial
i1slands (10.4 nests/ha) than>on the mainland (0.16-0,17

' . } .
nests/ha), as was that of every other species, although the

L

N

years, thus attracting more Gadwall and Lesse: Scaup, and/or

-



"preference” of Northern Pinpails for islands was weak
compared to that of Gadwalls, Mgllards, and Lesser Scaup.

" Because each Species.nested in higher density on the islands
than on the mainland suggests an overall "preference" for
insulgr habitats and/or increased success and survival of
island-nesting hens and subsequent increased homing and
recrultment to 1slands. Giroux (1981) found that the nest
density on these same islands averaged Qniy.29/ha compared
to the 80/ha foundhherein. This difference is likely
éttributable to lower water levels during Giroux's study and
tﬂe inclusion of island berms in his calculation of island
area (Giroux'pers. comm. ). During my study, gge berms were
seldom exposed and when a few were, it was after ducks had
finishea nes;ing. Other minor efﬁecté that could have
contributed toche incriease in density might be increased
recruitment over the succeeding years by those speéies which
commonl; nest in higher'dehsities.(see above), éhd erosion
of the area of the i1slands. WBen Giroux (1981) studied these
i1slands, the nest density he reported was low compared to
other island studies and he sUgéestéd that this might have
resulted from the high densities of ,islands in the
;mpoundments‘he studied and subéequenﬁ,diffefential 'Fland
use. The ﬁest densities I féund were higﬁér than tﬂgi*q
tepOrted from most other islands~(seé'Gifoux 1981), énd“thus
the abéQe hypothesis»appears unwarranted. |

‘The mainland nest densities of all species combined

(0.26-0.31/ha) weré'virthally identical to the 0.29 ﬁesﬁs/ha



" cover. from above and only 10-40% cover on the sides,

that keith (1961) reported from énqthervarea ot mixed,
prairie in}southern Alberta. Mixed prairie does not provide
the .cover that is éought but by densely*neSting speciles such
as Gadwall, Mallard, and Lesser Scaup, and consequently hés
a lower density of duck nests than do areas with mor; rank
vegetative cover (Duebbert and Lokemoen 1976, Duebbert 1982,
Duncan 1986a). The higher nest density on the mainland in
1982.compared to 1983 is attributable to a small
concentration-of nests in the grassy shoreline included in
the 1982 searches and to the shorter distance from water
over which the 198? searches were conaucted [most species
nest close to water (Bellrose 1976)].

The preponde;anée of Northern Pintail nests on the
mainiand prairie réflects the Northern Pintail's habit of
hesting_in vg}y sparse cover (Keith 1961, Kalmbach 1938,
Munro.1944, Stoﬁdt 1971, Sles 195515 Their somewhat
misdirected selectid of cultivated fields as ‘nesting sites
[the nest 1is oftén destroyed because of agricultural
activity (Milonski 1958;’ﬂ;épu 1977)] likely resultsﬁfrom
their preferénce for physiognomically open areas,
flius;rating their adapta§ion\to nesting in |
spérsely—vegetéted prairie.-Although many_Northérh Pintéil"
nests that I,féuhd on the prairie were situated beside.a

small clump of silver sagebrush, they had essentially 0%

P

Numerous other nests were situated on the opeﬁ,prairie with

no cover. Because there was a profusion of silver sagebrush..



clumps that were not ased as nesting sites and a low density
of nests, nesting by Northern Pintails in completely exposed
sites on the open prairie was by choice. Many hests,
particularly those with no cover, were located in natural
depressions in the ground. The dull coloration of the bill
and speculum of Northern Pintail hens may add to the bird's
'crypticity and be adaptations for hesting in open'sites. A
few Northern Pintails initiated nests relatively;late in the
breeding season oh the islands and consequently their nests
were in dense forb cover. During a coincidertal study of
‘reproduction in captive Northern Pintails, I foundrthat many
hens nested in the secluded nesting sites provided (100%
overhead and 80% lateral cover). This behavier wae likely
caused by human activity and appears to illustrate that the
tendency f8r Northern Pintails to select nest—sites in
sparse cover can be affected bfnenvironmehtal chditions.

-1 recprdeé Northern Pintails nesting as far as 3 km
from water and found no-tendency for hens to concentrate
their nests close to water although the number of nests 2-3
km. from water apéears to be relatiVeiy lok (Fig. II-1).
distribution of‘nests depieted in F;g II-1.1s based .upon .
equal areas’ searched at the: varlous dlstances from- water and

| thus represents relatlve den51t1es. Because the total area
at a given- dlstance from a waterbody is greater than that
" closer to water, ‘the fairly similar nest den51t1es within 1

km of water (Fig. II-1) mean that the actual number of nests

at 1 km would be greater than that close to shore. Using the

’
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- Northern Pmtaul nests from water,based on equal areas
searched at all dlstances from water : :
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data from Fig; IT-1, a theoretical distribution of the
number of nests around a 14kQ—diameter circular waterbody
were talculated (Fig. fI—Z). These show thaj the largest
number of hens nest 1;2 km from water and that‘there are as
many hens 2-3 km ﬁrom water as there are O-1'kmu Thus,
unweighted mean nest distances from water'calculated from
the data in Fig. II-1 may-subatantially underestimate the
true mean. With this in mind, the unueighted mean distance
of Northern Pintail nests from water in 1983 was 781 + 56 m
(h = 71) and in 1984 was 1126 + 170 m (n = 27). éome
Northern Shovelers were also found nest1ng far from water: a
number of their nests were as far as 1.4-1.5 km from water.
At the opposite extreme, Lesser Scaup exhibited a strong
tendency to nest near water on the mainland, with

Blue wlnged Teal being the next most hydroph111c
upland—nestlng spec1es DLCk nests have occa51onally been
recorded 2 0-2. 5 km from water (Sayler 1962b, DZUblP and
'Gollop 1972) although most dabbling ducks appear to nest
within 100 m of water (Bellrose 1976). Northern Pintails
"often nest farther from water than other duck spec1es (Bent
1923, Bengston 1970 Keith 1961) although prev1ously ;gg
reported mean dlstances of nests from water are much smaller
than recorded herein, ranglng>from only 500m (Kelth‘1961)~to
19C m (Derr1ckson;1977), A few Northern Pintail nests have

ey

.been found over 1.5 km £rom water;KSowls 1955, Bellrose

1976) The low mean distances reported by others are
" primarily a result of nest searches being conducted closer

-
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0-0.2° 0.4-0.6 0.8-1.0 1.2-14

1984 @

RELATIVE NUMBER OF NESTS

0-0.5- 1.0-15  2.0-2.5
DISTANCE FROM WATER (km)

Fig.ll-2. Theoretical distribution of relative
number of Northern Pintail nests _at different
distances from water around a circular 1-km-
.~ diameter waterbody, based on data from Fig.ll-1. —

Lo L .
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to water [eg. Keiih (1961) only searched 274 m from water].
Because the entire upland“in my study was mixed prairie,f
there was no confoundlng 1nfluence of varying vegetat1Ve
types‘at different dlstances from water, and thus the
nest—sitee reported heteingreflect only selection of
distaﬁee‘from'Qater. Potential limiting fattors on the

max 1imum diStance ef‘Northern Pintail nests from watet are
'1ack of additional jncrease in nesting success at éreeter
distances, increasea prebability of duckling mortality, and
1ncreased fllght costs to the hen during 1ncubat10n recesses
(see Rlngelman et al. 1982).

There were no differences in nest site placement
~between yearling and adult Northern Plntalls Both age
classes nested at similar dlstances from water (1982-1984
combined, adult x = 722 + 67 mw, n =,85’ yeariing‘§ = 661 %
140, n = 26; t = 0.43, NS) and the séhe proportienseof
adults and yearlingSﬂnestedton~the artificial‘islands and

the mainland'(1982—1984 combined, n oﬁ island/mainlénd,

it

adults = 43/108, yearlings = 13/43, Chi-square = 0.34; NS). |

Thus, there was no evidence fqr di$placement of younger’

pitds into!subbpti&al.habitat aS»Dzubih,(1969) sdéqested

-might occur in~Mallards. . | | ’
Smith (1968) thought that sexual pursuit flights by

~ drake Northern Plntalls caused palrs to dlsperse and

subsequently resu;ted in dlsper51on of nests. McKlnney

(1965) con51dered that such behav1or might ultlmately be

~adapti've because the 1nc:eased dlstancevbetéeen nests could

‘.
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result 'in a decreased prohaoility of predation. Although
McKinney (1965) viewed nest dispersion in most ducks as an
indireotwreSUIt of pair dispersion, he thought it likely
that male chaéing in Northern Pintails caused females to
nest at a oonsiderable distance from water (McKinney 1973).
Unlike most other ducks, Northern Pinteils are not
territorial and males show little hostilityrtowards
conspecific males but engage in.a high degree of
sexually-oriented pursuit of females (Smith 1968, Derrickson

1978, Titman and Seymour 1981). If male chasing actively

2

disperses nesting hens, Northern Pintails should nest closer

to water when there is a paucity or absence of males and

nests- initiated late in the breeding season after most males

‘have left would be expected to be situated closer to water.

However, nest piacement in relation to distance from water
was not a snasonally dynamlc phenomenon as nest d1stance
from water was not correlated with laying date (in 1983, the

only year with substantial sample size, r = -0.13, n = 70,

'NS). In addition, in the drought year of 1984, the number of_

breedlng blrds was low (only 2 Northern Plntall nests were .
1n1t1ated on the islands. compared to a mean. of 19 in
1981—1983) yet hens continued to nest far from water (F1g
I1-1), Because males appeared to confine most of thEII

cha51ng act1v1ty to areas near or over water, 1t is

’1mprobab1e that males actlvely forced hens to nest as far as

3 km from water. The much hlgher den51ty of nestlng hens on

.the 1slands compared to the malnland 1s also contrary to the
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male pursuit-hypothesis. A final point against the

hypothesis that male pursuit causes hens to nest far from

water 1s that hens exhibited nest-site fidelity; they tended

to nest near the site of their previous year's nest as has
been shown in other Qucks (Mckinney 1965) showing that nest
placement is influenced by previous experience or some |
in%erent tendency. Female Northern Pintails exhibited a high
degree of consistency in the distance. they nested from
water, shown by a 0.87 repeatability value for 15 recaptured
hens [repeatabllltles range between O-l and represent

relatlve 1mportance of among 1nd1v1dual variance (Falconer

1960)]. Seven of these females wefe recaptured nesting on

the same small artificial island; the islands averaged 51 x

18 m and, were 100-200 m apart. Two females that were found
nesting on an island in one year and on the mainland in
another, nested close to the shore (< 50 m) on the mainland.

The 6 females that nested only on the mainland had a

moderate repeatability of 0.51 for the distance they nested

trom water. Thus, nest-site selection by Northern Pintail

‘hens does not appear to be an active, dynamic process

dependent upon male pursuit flights. There may be some

passive: component of intraspecific avoidance of males by

females as I obsefyed a few hens exhibiting avoidancé-
behavior of males similar to‘that‘observed,by Derrickson
(192]).JThis might contribute to nest'dispérsion but only
when a hen which‘is in the proéess of'selecting a nest—site‘

observes a male other than her mate. It is unlikely that
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'such avoidance behavior is responsible for the placement of
numerous nests(1-3 km from water.

The idea ohat hens are actively "forced" to nest far
from’ﬁatér probably originates from the assumption that the
required overland travolAby broods from nest to water
substantially reduces duckling survival (eg. Sayler 1962b,
Bengston 1976, Dzubin and Gollop 1972, Ball et al. 1975). 1In
Northern Pintails, any cost of negting far from water must
be less than the benefit of doing so because many hens do
‘nest considerable distance from water. Such behavior* can
only persist if it is selectively advantageous overall
(Eriksson 1978).

Ove;}and movemenos by duck broods, partlcularly 3
Northern P1ntaxls; may not be as hazardous as commoniy
assumed.‘Northern Pintails broods are known to be very
mobile (Evans et al. 1952, Diem and Lu 1960,‘Duncan 1983)
and'thevnest plécement repoftgd herein shows ‘that most
.Northern Pintail broods must walk over 1 km to get ‘from
theif nest to water. Altnough duckling loss during overland
hnoyement is usually no more than an éssumpt;on; Ball et al.
(1975) found a negative correlation between distance -
traveled overland by young ducklings and the numbervof
surviving ducklings.‘However cause and effect cannot be
discerned in the lysis, and the relatlonshlp was weak,
explalnlng only 15£'of the total var1at1on Other* studies

»have found no relatlonshlp between duckllng survival and

overland travel (Evans-et al. 1952, Talent et al. 1983) and
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recent studies o{ duckrbrood survival hé;e shown that most
mortality occurs on water noﬁhon land (Talent et al. op cit,
Duncan 1985b). Duck broods can and do undertake lengthy
overland movements ‘(eq. Wrignt 1954, Berg 1956, Evans and -~
Black 1956, Mendall 1958, Stéwart 1958, Young 1967, Dzubin
and Gollop 1972, Alison 1976, Duncén‘1983),,and although
there is some risk to duckling survival, the magnitude is
unknown and is likely much lower than has previously beeh
%ssumed. |

Overland brood movements could be less hazardous to
ducklings on the open prairie than in areas w1th more dense
vegetat1on. Open terrain might bg'advantageous to hens ;nd
broodé‘if it enables improved detection of predators énd'“
easiér movement by ducklings wnich could decrease the
probability of predatory and accidentai loss of ducklings.
The majof prenumed danger to ducklings during.ovérland walks
is often considered to be an inc;eaéed probability of
predationu(eé. Leopold 1951, Wright 1954, Alison 1976),
Movement over open prairie cnuld‘bé disadvantageous*because‘
duéks_may be more easily\séghted by predators and might be
“more susceptiblé to avian predation. Althphgh I observed

instances of unsuccessful hawk attatks on a. Northern'Pintail

brood moving.overl nd‘(Duncan‘1983) a hawk was suspected asf

"the- cause of logs of another brood walklng from nest to

water (Duncan 1985b). 1 al%o observed California Gulls | -
) - - . \

(Lar "OPnicus)'attacking duck broods but only on the

water. It appeared that gulls may have better SUCCess‘when‘a

2%
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brood is on water rather than land because on water,
ducklings may dive and get separated from the hen and be
more vulnerable to attack.

I sgggeSt that Northern Pintail hens nest far from
water by. "choice" because it ultimately decreases the chance,

’

of their clutch being depredated as their nests are farther

'y

from the activigg centers of most nest predators, Because

Northern Pintails nest in sparse cover, they may be :
t

<

relatively vulnerable to predators and consequently

may be greater'selective preéssure on them to nest further
from water than those species that nestwin denser covert The
principle nest predator in my‘study}'the Strioed Skunk .
(Mephitis mephitis), éay ooneentrate'its activity close to
areas where there is more oover, such as shorelines
(Mllonskl 1958, Keith 1961). Anderson (1981) found that
’natal (maternal)_dens,of Striped Skunks on the mixed prairie
were alwaysnclose tolcovereand water. i.observed Striped
Skunks most frequently near water or cover although one :
Striped Skunk destroyed nests on the pra1r1e about 1 km from
water. KEIth (1961) suggested that hlgher soxl moisture
close to wd@er mlght enhance odors and 1ncrease a,mammallan

: predator s ab111ty to locate a nest, however this is not- a
1tenable explanatlon for the olacement of Northern Plntazl
nests 3 k; from water on .xeric pra1r1e. I observed " ‘
Callfornla Gulls -and R1ng bllled Gulls (LaPUS delawarensrs)

eatlng duck eggs and although their act1v1ty was centered

around waterbodle they,were frequently observed flylng



&

- ©

i‘,

-

-over the prairie and appeared to be searching for food

1tems. The hypothesis that Northern Pintails nest far from
, . .
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water to avoid nest predators predicts that hatching success

of nests i1s reduced closer to water. Some studies have found

-

higher predation rates on nests that are closer to water

(Livezey 1981, Page and Cassel 1971). Keith (1961) found

reduced nest predation further from water in some moist,l
dense,vegetat;on types but not in other habitats including
mixed prairie. Cowardin et al. (1985), however, found that
‘§Uccessful Mallerd nests were on average closer'to,water°
ldhan were unsuccessful ones. The differendES between these
stxdies moy result from a confounding effect of different

Qegetative cover types at different distances from water.

Hatching success of nests on the mainland appeared to

S

be falrly hlgh although various levels of predator control

were conducted durlng most of this study. In 1981, predator

control efﬁorts were minimal and the hatchlng success of

Northern P;ntall nests ©on the malnland was 64% (n = %3) SB

determined‘byrthe:Mayfield.method (Miller and‘Johnson‘1978).

Because Northern Pintails nest in such low densities and at

-

. ( Y
;;ﬁnglderable dlstance -from water over large tracts of

<

pralrre,'the probab;llty of a predator locating a nest is

llkeﬁﬁrmuch lower than in 1nten51vely farmed areas where
. oA

'qligihests of varlous species tend to be concentrated in’

"smalL strips of cover through whlch a predator can.,

-

efficiently search. The, hatching success of Northern Pintail

nests on islands in 1981 was 44%'(h.='27), lower than that

g



on the mainland. Gulls were suspected as the primary cause
of clutch loss on the 1slands. 5ense nesting concentrations
of Northern Pintails on islands may be prevented by their
habit of nesting in sparse cover wh}ch would predispose them
to avian predation and by an .inherent fendeﬁcy’to nest awdy
from water. '

To examine the effect of a long nest-to-water walk on

P

the energy reserves of Northern Pintail ducklings,
recently—hagched ducklings were walked 3 km and their energy
depots were examiﬁéd'24 h {iereafter. Walked duckiiﬁgs did
not differ from the unwalked ducklfngg in size of yolk sac
or li;er, ér in absclute and relative carcass.lipid content
{Table I1-2). There was, however} a significant walk-brood
interaction 1in the analysis of yolk sacs suggestiAQ that
.gome variable in the experimental design affected thée
'reSults 6f the walk (ég. témperaturei or that the broods
differed in their response to walking. Lack (1967)
speculated that the large fat stores of neonéte ducklings
enabled them‘tolwalk considerable disténce from their
nest-site to wé;er. Krapu (1974) thought that this might be
particularly important 1in No%£hern Piﬁtails because they
often nest far'from water. The results reported herein show
that a 3 kh overland walk did»nét causé any appreciaﬁle
assimilation of lipid stores in Northern Pintail ducklings.
Krapu (1579;‘a1§o'suggested that nutrient resé;ves in the

yolk might be important for overland movement., however, my

results show that the yolk mass of walked ducklings
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generally did not different from that of unwalked ducklings
(Table II~2); Overall, a 3 km nest-to-water walk was not
physiologically detrimental to newly-hatched Northern
Pintail ducklings at the gross guantitative level examined
in this study. Because most of a duckling's energy reserves
are 1n 1its carcass lipids (Duncan 1986b), the lack of a
difference in'carcass lipids between walked and unwalked ’
ducklings shows that 3 km nest—to—watér movements are not
energeticaily costiy. The 3 km walks were, however, visibly‘
vtiring-for the ducklings; Qalkéd ducklings often slept
immediafely éfter the walk whereas the control birds did
not. Undoubtedly there was some minor effect on the enerqgy
stores of the walked ducklings, possibly a reduction in
glycogen reservés resulting from incre;;ed anoxic stress and
glycolysis. Bécébse glfcogen stores are used to withstand
anoxic stréss, Fréeman (196%) suggested that glycogen stores
(particularly caré%ac glycpgen)'might be indicative of
énoxic stress in neonate birds. If Northern Pintail
ducklings have‘some gnergetic adabtation‘to withstand long
overland moveﬁents, %F could be relatively large glycogen
stores rather than liéid reserves.

The effect of é 3&km walk on fhe‘growth of
»newly-hatcheé Northefh‘Pintails‘was aléo examined. A£ 7<;nd
11Kdays‘of ége; the wéig\ts of walked duéklings-tended to be
greater than that of éongﬁols,(0.10 S'P > 0.05), but ﬁhé;e
FQas no differehce in the ﬁf%g:hs of their tarsdmeﬁatarsi ar-

culmens (Fig. II-3). Because 2-2.5 week old»male Mallard

! . - -
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Iy

ducklings are larger than females (Rhymer 1982), I examined
the sex ratio in both groups in case the walked group
happened to have relatively more males. The sex ratio
(males/females) was 0.5 for the walked group'and 1.1 for the
'unwalked group such that any effect of sex would have acted

in the opposite direction than found. The tendency for r
greater increase in weight in the walked ducklings could
reflect incfeaséd feediﬁg in response to greater metabolic
demands after phe walk. Thus, a 3 km nest-to-water movement
by Northern Pintail ducklings appearé-to have no seribué ‘%

detrimental effect on their physiological condition.
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ITI. NESTING OF NORTHERN PINTAILS IN ALBERTA: LAYING DATE,

cLUTCH SIZE, AND RENESTING

INTRODUCTION
“The timing of egg—laying in birds is belieyed to be
adaptive because it generally coincides with a seasonal
ahundance of food reéourceé\ Lack (1966) ge}ieved thgt'the
ultymate‘(sensu Baker 1938) factor goverﬁng the tlme of
breeding was the avallablllty of food for the young,
~although food resources for the productzon of eggs appear to

A}

be the prlmary factcr 1nfluenc1ng the t1m1ng of laylng in
'some spec1es (Perrlns 1970). At the proxlmate level )
photoperlod 1s%known to 1nfluence the onset of the breeding
season 1n many temperate zone blrds‘although a nUmber of
:env1ronmental factors such as temperature ‘rain, vegetatlon
changes, and proteln avallablllty can modlfy 1ts effect
partlcularly in females (Farner and Follett 1979)

'.laylng date of ducks appeafs ‘to be affected by amb1ent
temperature (Langford and Dr1ver 1979 Cowardln et al N
’1985) age’ of the hen (Krapu and Doty 1979 "Baillie and” .
"Milne 1982, Afton 1984 Dow and Fredga 1984);iand;jndivjduai}

| varlatlon (KOSklmIES 1957 Spurr and.M;lne 1976, Batt and

hY

' Prlnce 1979 Dow and Fredga 1984) 3
;‘_ What ultlmately determrnes clutch size in precoc15T7
birds. is spéculat1ve, with’ the possible except1on of gome -
arctlc nestlnd.geese (Wlnkler and Walters 1983) Lack (1967
‘1968) suggested-that the_u{t;mate llm;tatron'on clutch size'f

s SR S B :.4, ,V?Qéi' .
Y .
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in ducks was food availability'to faying hens modified by
size of the egg. Theé clutch size of ducks appears to be
affected by laying date (Kosklmxes .957, Batt and Prince
1979l,4age of the hen (see Afton 1984 for review),
sindividual variation (Koskimies 1957,‘Batt 1979), and
possibly diet (Bengston 1971, Krapu 1981).

Renesting is the laying of a replacement clutch of eggs
tollow1ng an unsuccessful Leproductlve attempt by a —
Jlnglc—brobded bird. In ducks, renestlng may occur after
loss ot a clutch, and occasionally, after loss of a brood
(eg. Sowls 1955. Strohmeyér 1967, Doty 1975). Food supply

. aopears to regulate the extent of renestlng in some bird

species “and the occurrence of-second broods in a number of

multi-brooded species (Soikkeli 1867, Cody11971,‘Hilden

ent

1975, d Daan 1980). In nduc_k‘sv, food quality and |

_ availability on the breeding grounds are:- thought to regulate
a hens ab111ty to renest because her bodyereserves, which

 may’ be 1mportant for egg productlon would have heen
depleted durlng the prev1ous nesting attempt‘(xrapu.19f4L,
1979, 1981, .Swanson and}Meyer”1977)r‘Protein %@ believed to
he‘an'important limiting nutrlent in thegdiet of laying

‘ducks of a numher Of speciés’becauae:f1)’almost half of ghe

dry we1ght of duck eggs 1s proteln 2) labile. protéln

4

reserves of,the female are small - , 3) females feed heav1ly
on proteln r1ch 1nvertebrates durlng laylng, and 4) laylng

- females consume relatlvely more 1nvertebrates than do male -

(Krapu 1974 1981, Krapu and Swanson 1975, Drobney and
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-
Fredrickson 1979, Drobney 1980, 1982, Robbins 1981).

This paper examines laying date, clutch size and
renesting in a wild population of Northern Pintails (Anas
acuta) in southeasterﬁ Alberta. The effect‘of age of the hen
(yearling vs. adult) on these reproductive traits is |
analyzed and the.responses of birdsvto controiled, captive
conditions 1s tested. The correlation between clutch size
and laying daﬁe is examined and various hypotheses that have
geen.suggested to explain Lhis phenomenon are tested. The
effect of two diets with differiHé protein content on

-

renesting 1s also examined.

STUDY AREA AND METHODS

The study of:the wild'pppulation was condugted 1n an
area of grazed mixed grass praifie'about 35 km south-east of
B;dgks, Alberta between 1981 and 1984.'The study area
included four impoundments which are managed forrwaterwal
"préduction by Ducks Unlimited Canada. These are described by
Giroux (1981; .impoundments D, E, F and G). At'high water
levels, the areas of these imp0undménts vere, pésbectively,
éboﬁt 0.7,'0.2, 2.0 ,and 0.75 ke? . Each baSin contained
artificial islands. The water in each impéundment was less

—

thaﬁ 1 m.deep‘except for 1—2‘m deep moats atound the
’iSlghds.,During.all years o£ the stuéy,'the main
impoundment,,F!tretained-more than 0.5 m of wé;er‘over the
summer:, al;hguéh in_1984;‘its areé‘wés reduced by abouf‘SO%

by June. From 1981-1983, the water level in D, E, and G
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declined over the summer, so that by August there often
existed little water outside of the moats. Impoundment G was
dry during 1984 while D e¢nd E were greatly reduced 1in érea
and had less ﬁhan 0.25 m of water.

baéa on the reproductive f:aits studied wés“obtained
from Northefn Pintail nests found on both the islands and

the mainland. Searches for nests on the artificial islands

were conducted by walking across them systematically at
iEaSt once every .3 weeks, 6h the-mainland;vnests were
located by dragging_a 50;80 m steel rope between two
vehicles along éérallel transects. The princ@pal study plot
on the mainland was adjacent to impoundment F, the largest
r .

and most permanent waterbody._Although this study plot
varied in siée among years,; the anpual nesting chronology of
Northern Pintails wés established only from daga_obtained b
from a mainlaﬁd afea that was systematically searched
throughout the nesﬁing season. The artificial islands were
deemed unsuitable fAr construcgihg nesting chronolégies of
Northern Pintails because the rank vegetétive growth.which
developed each summer could havé'éltered the seasonal ’
suitahilitonf the islands for nesting Northern Pintails. In’
contrast,- the physiodnomic structure of the mainland p:airie
vegetation'éhangéd little throughout the éeason. "

Duck nests were attributed:to a épecies based on
“identification of the fluéhing hen, éndboccasionally, when

-this was not possible, by charactgristics'of the eggs and

féathers in the nest. To obtain data on individuals,



Northern Pintail hens were trapped on their nests using drop
traps (Sowls 1949), modified Weller traps (Weller 1957), or
bow-net traps (Sayle} 1962). Hens were identified as either
yéarlings or adults based on wing-feather characteristics
{Duncan 1985). All hens were weigﬁed and banded to identify
renesting individuals. In 1982, some hens were outfitted
with solar-powered radio transmitters (Telemetry Systems,
Mequon, Wisconsin) tovexamine'renesting. The transmitters
were attached to the birds using a harness design similar to
that degcribed by Dwyer (1972). The,transmjgter and harness
weighed about 20 g; Some hens were also marked with nasal
saddles in 1982.

The stage of incubation pf the eggs was estimated by
candling the eggs and using Weller'S‘(l956)‘guide to ehbryo
development. Laying date was calculated by back-dating from
the %tage of incubation and the number of eggs in the
clutch. Ciuf;b sizes of nests which had/been.parasitized or
~exhibigeq signs of partiél,cluﬁch depredétiqn.wére not used.
in the énalyses of clﬁtch size. The distance bethen first
nésfs and those containing replacement"clutches'was
éstimated by vehicle odometer. Air femperatufes were
obtained ﬁroh,the mohthlyirecords-of the Atméépheric
Environmental Service of Environment Canada recorded at {hé
Alberta_Horticultutal Research Statian at B:ooks. '
| Durihg 1982,”renESting‘was investigated in the wild
using hens thét weré radio-tagged when captured. Some 6f

.

' these- hens had their clutches removed at the time of
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capture, whereas othens had their nest left intact but
subsequently deserted as a result of capturing and handling.
LLocations of radio-tagged hens were checked every 3-7 days.
It was assumed that all radio tranémitters remained
functional\throughout the study and that- inability to obtain
a radio signal meant that the bird had left the study afea.
In 1983, renesting was examined by banding and
releasing all hens ‘that could be captured and removing their
clutches. The area over which the nest search and/taptdre
program was conducted was expanded late in the nesting
seeson..ln conjunctien with this capture/recapture program,
predator, control was cOnducted on the study area to keep the
natural clutch destruction rate to a minimum. Predator |
control efforts were aimed at Striped Skunks (Mephites
mephites), Califorhié Gulls (Larus cal ifornicus) and |

' Ring-billed Gulls (L. delawarensis).

hY

To examine nesting under controlled conditions,

Northern Pintails were hatched from eqggs Eaken from the
study area in 1983 and reared in capt1v1ty at the Brooks‘
Wildlife Center of thefAlberta Department of Energy and
NaturaleResou;fee. The blrds used for captive breeding were-
randoﬁly selected from clptches taken~§h;oughout,the nestiné
- seeson. The birds were.wing—CIipped to preQent flight.and
malntalned on. an ad 11b1tum commerc1al waterfowl malntenance'
| d1et until sprlng of. 1984 The ducks vere exposed to natural

daylength but had access to relatlvely warm 1ndoor_

fac111t1es dur1ng thevw1nter. Fortyfone pairs of birds wefe



nlaced inte indiQidual 4.6 x 9.2 m pens between March
26-April 2, 1984 where they were essentially visually
isolated.'Most ofvthese birds had paired naturally, as
1dent1f1ed by repulsion behavior of a female towards other
males. Two hens that were very disturbed by human presence
were replaced with other birds on April 24. The ground
within the pens was sparsely vegetated in the early spring
and secluded nest-sites were provided. Each pen contained a
46 x 33 x 12 cm water basin in which the water nas changed
dagly. Half of the pens also had 2.2 x 2.3 m cement ponds
wvhich sloped to maximum depth of 0.2 m. The water in chese
ponds was changed infrequently, allcwing stagnation and
dense algal growth; Penned paire were initially maintained
on'a 29% protein commerclal waterfowl diet prov1ded ad
‘l1b1tum (Shur Galn Div., Canada PackerS‘Inc.). Crushed
oystershell was also provided ad libitum throughout the
‘study. All clutches produced Werebremqved on thefthird day
of incubaﬁion'to induce renesting. When the first clutches
were taken, the d1et of everr second pair was changed 'to a
14% protein commercial . feed {Shur-Gain Div., Canada Racke;s
Inc.) to examine ‘the effect of diet on renesting. All birds
were removed on June 28-29 aftefvnesting activicy had |
ceased.‘BirdS'were,weighed immediately.befqre being confinedV
~to breeding pens. For the analyses of clutch size ofAcaptive:
birds, I used only incubated clutchea_which'were laid within’
a'single nest-bowI’wi;hout any eggs being "dfqpped” during

laying, or within 7 déyS'ofvclUtch.initiation.'This

»
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eliminated potential error when abnormally large "clutches™
re5u1trng from pontinuous laying are included. Continuous
laying occurs when birds disrupted during the laying
sequence, desert thelr nests, but continue to deposit eggs
in a new nest without a bregk in the laying cycle, that is,
the time interval between successive eggs does not change (
Sowls 1955), -

Statistical analyses were performed using the SPSSX

0.05;

package. The significahce level was set at alpha
non-sighificant values are indicated by NS. When means are
presented, they are‘followed by standard.errors. Regression
analyses were conducted using polynomial, natural logarithm,
and inyerse transformations in addition to the straight-line
regressions. A non- l1near regre551on 'was used only when it
significantly increased the goodness of-fit (Kleinbaum and

-Kupper 1978) The non- llnear model whlch produced the

greatest correlatlon coeff1c1ent was used although there was

generally l1tt1e dlfference in the explanatory power of the

‘3 models.

RESULTS - ‘ ‘ 0
Laying Date

_vIn the wild, Northern Pintails 1n1t1ated nests over.a 9
week span in 1982 and‘1983 but only over 5 weeks in 1984
'(F;g. I1-1). Each year, Northern P1ntalls began»laylng in

April, reaching a peak in clutch 1n1t1at10ns.dur1ng the

/
i
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Fig. lll 1 Chronology of clutch |mt|at|on on study
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} yearling Northern Pmtauls cmtlatnng clutches on.
study area in southern Alberta, 1982-1984.
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fourth week of April. Although too, few nests were found on
the study plot in 1981 to construct a meanindful chronology
of clutch initiations, nesting began earlier in that 'ysear;
considerjng only those nests stafted in April, the mean
laying date inl1981 was 18 April, as opposed to the>25, 23
and 25‘April in 1982-1984 respectively (ANOVA, F = 22.2, P <
0.0001). No relationship was found between mean April daily
temperature, mean minimum April daily temperature, orbheat
sum (cumulative daily means > 0°C) in the thlrd and fourth
week of April, and mean clutch 1n1t1at10n date in Aprll. The
mean temperature in April of 1981 was similar to that in
1984 (6.5 vs. 6.3°C), and desbite the variable mean
temperatures in 1982-11984 (1.9,;4.8, and ;LBPC
respectiyely), nest initiation dhring Aﬁril vas similar in
each of those 3 years. After thefinitial‘peak in clutch

initiations, relatively few new clutches were started over

“ the last 4 to 7 weeks (Fig. III-1). A‘very minor secondary

peak in clutch initiations was recorded late in the<nesting
season. o | - ‘ - ‘ : ‘i

Adults were theyearliest birds to'nest each year ‘and
were primarily responsible for the April nesting.peak\(Fig
III~1). Yearlings 1n1t1ated a’ relatlvely greater proportlon
of. the clutches in May than in April, Because the nesting
~chronologies during 1982-1984 were similar laylng dates in
these 3 years were combzned for adults and yearllngs to

analyze age- related dlfferences in laying dates. Con51der1ng

only clutches 1n1t1ated prior to May 16, so as to exclude



renesting attempfs (see below); the mean laying date of
.adults was 5'day§ earlier than yearlings during 1982-1984
(April 27, n = 108 vs. May 2,An = 37; t = 3.13, P < 0.005).
Clutch initiations by adults increased relative to those of
yearlings in late May, and by June eggentially only adults
were starting clutchés. |

,Yearling.ﬁorthern Pintails initiated clutqhes over a
7-week span in captivity. The peék in clutch initiations
among captive Northern Pintails was earlier than that for
wild birds in 1984 (Fig. I11-2). Considering only those
clutches started in April, the mean laying date of the
captive birds was 4 days prior to that of all wild birds
(April 21, n = 32 vs. April 25, n - 2¢; t = 3.92, P <
0,001). The advanced nesting in captivity occurred despite
the fact that the captizés were yéarlings and most wild
birds were adults. V . | ‘

The -body weight of wild birds-when capturéd'during
incubation was hot cérrelated with 1ayiﬁ§ date, when’qlf
nesté were_considered (r? = 0.02, n = f12, NS), nor whén thé
anaiysiS<was restricted to laying,dates prior ﬁo May 1.(r? =
0.03, n = 45, ‘NS). tikewiée,‘the body weight of captive
birds prior to nesting was not related to laying considering

all nests (r?* = 0.00, n = 39, NS), or when restricted to

first nests (r? = 0.05, n = 30, NS).
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Clutch Size’
The mean clutch size of Northern Pintails in the wild
over the 4 years of the study was 6.9 + 0.1 (Fig. III-3).

Clutch size decreased with later laying date until the end

"of May in each year (Fig. II1-4). In the 2 years when

clutches were iniéiated well into June (1982 and’1983), t he
relationsﬁip between clutch size and laying date was best
described by a polynomial regression showing that the meaﬁ
clutch size increased slightly in June. An analysis of
covariance revealed no difference betweeﬁ the 4 years
considering all the data (F = 1.15, NS), and when
considering only‘nests initiated~pribr to ng 11 such that
eéch annual relationship was linear (F = 1.31, NS).
Combining the data from ali 4 yearé, a polynomial
relationsﬁip’best described the rélaﬁionship of clutch‘size

to laying date (Fig. III-5). The captive flock oflyearlings

" also exhibited a seasonal de&line -in clutch size (Fig.

I1I-6). This relationship persisted wﬁen‘the'analysis

excluded fehest clutches (r? = 0.18, n =25, P< 0.05)."

Analysis of covariance to control for the effect of laying

},q%ggtrevealed that, the captivey@irds laid larger clutches

‘than @id all wild birds (adjusted X = 8.1, n = 41 vs. 6.9, n

= 290, F = 37.6, P < 0.001.). Ahalysis‘of covariance b,; o
édjustiﬁg for laying date also fevéaied_that the clutéh size
of renésting cabtive-birds did not diffe;.%rom that of -
éapt{ves nesting for their first time (1st nests, adjgstéd X

= 8.2, n'= 25; 2nd nests, adjusted x = 8.3, n = 16; F =
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0.01, NS).

When clutch size and laying date were examined for wild
yearlings and adults separafely, an analysis of covariance
again showed that there was no difference among years in
clutch size (Yearlings, F =0.22, NS; adults, F = 0.10, NS).
The data from 1982-1984 was subsequéntly combined for the
analyses of each age class. Both adults and yéarlingg
exhibited a seasonal decline in clutch size,,although.the
'shape of ‘the relationship differed between'the age classes
‘(F{g.'III-7)..The clutch size of yearlings was smaller than
that of adults in an analyéis of covariance that accounted
for lathg date when all.nests were considered (F = 9.3, P <
0.:005), and when only adults nesting concurrently with
yearlings were considered such that the adult relationship
was also straight-line (F = 6.1[ P < 0.05):

The body weight of wild birds during_incubatién and of

cgptive birds prior to nesting was not correlated with the

I

clutch size when all nests were considered (r* = 0.00, n
106; r* = 0.01, n = 42; respectively, NS), or when the

"analyses. were restricted to nests initiated prior to May 1|

B
n

in the wild and to first nests for the captive flock (r?,

0.01, n=41; r* = 0.00, h = 25; respectively,; NS).

Renesting"
In 1982, renesting was examined using 17 wild
radio—tagged hens which had lost their first clitch. Aall

—-—

hens were captured before May 23; 14 before May 13 (Fig.
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- that pen remalned on study area after capture
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I111-8a). Because all hens had initiated théir clutches
before May.6"and thus were part of the early peak in cluﬁch
initiations, 1t is unlikély that any were rehesting when
captured. Most hens Qere caught early in incubafion; {3 were
captured prior to 11 days;of incubation (Fig. IiI—8b).
Because clutches were initiated as late é; the‘thirarweek of
June in 1982, there pfesumdbly.ex&sted\ample time for the
hens to renest. None of the hens was fgund rehéstiné.'Eighé
of the hens remained on.the study area for a minimum of 36

days after capture whéreas eight others left within 2 weeks

. of capture (Fig. I;I—Bc).'Most'of the hens that were '

captured aﬁouhd the three smaller impoundment§ (D, E, and
G), and‘remained‘on‘the study area for at least 1-2 weeks,
eventually moved. 2-6 km to Impoundment F, the largest and

most permanent waterbody on the study area. This movement

data and that of a few other hens which‘moyed‘témpo;arily to

: btheftwatérbodies 25 km "away Subported the aSsuﬁption that:
absen;e'of avradio siénai meant that é bird héd‘moygd pﬁf
“the study a}ea, |

"Aithough rgaio-tagged duck§’are known . to renest (ég;

Krapu 1579, Cowardin et al. 1985), markers such as radios

‘may adyérsely affect renésting behavior of birds (Amlaner et .

al.. 1979, Parker f981)..Consequently,'renesting was
inveétigatéd without the. use of radio ﬁelemétr} in 1?83.}15?
to;al, 127‘hen§‘wefé captgred,_bahded aﬁd releaééd,;and_”;
pheir»eggé taken tojinduce reﬁes;ing. At.ieasﬁ.SO%.qf pheée
birds probably‘had=ﬁot,rénesféd previously that year,‘ '

W

4
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because their clutches had been initiated in the first
‘nesting peak (Figs. III-1 and I11-9a). Approkimately 30% of
the hens were captured before the middle of May (Fig.
111-9b). Only five hens were found renestiné. These hens
wére first -:captured between May 3 and 15. Four of the five
hens were captured Eefore day 10 of incubation and had
'reneéting intervals [the number Qf'déys between. loss of a
clutch or brood and initiation of another clutch (Sowls
19555] ranging frém,16—28 days (Table III-1). The fifth hen
was captured on day 14 of incubation and had only a 9?day
renesting intervél. The clutch size of three Hens decreased

s

between the first and second nesting attempt whereas that of
the other two hens reméineé £he same. The median distance
between first nests and the site of renesting was 300 m.
"(Table III-1). |

I believe. that the low_number of hens that I recorded
'renespin§ was_a realistic repreSentatquvof the prquenCy of
vrenesﬁing in this population. Thissbelief assumes that hens.
renest within a few hundred meters of their first nest-site
. (eg. Sowls 1955, Strohmeyer 1967) ?“a is based oﬁ the \
foliow;ﬁg ratiopalei The natufal hatch success rate of all
Northern Pintail clutches that I found in 1983 was 72% using
the Mayfield method (Mille{gand Jobnson”19785, and thﬁs, fhé
"probability that ciutches were destroyéd by préda%ors before
"I found them Qés'felatively low. The succgéé ratevfor |
~capturing hehs once a nest had been found was 69%:1 do not

. - | [ : :

believe thaf«trapping success was biased towards'haiye birds

I3
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. captured in. 1983 a) Iaylng date, and b) date

of capture. -
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because unsuccessful trapping‘aﬁtempts were seldom.caused by
birds not ehtering tﬁe trap; the last 9 hens to be trapped
were collected as a precaution against tﬁat likelihood (only
1 was a renesting bird). In addition, the nest initiation
chronology in 1983 was very similar to that of 1982 despite
the induced 0% nest success rate in 1983 (Fig. II11-1). The
increased proportion. of adults initiating nests dhring May
;ﬁ 1983 compated to 1982'(Fig. 1I1-1) may have been the
ﬁggult of’increased renesting effort.

In ;he captive flqck, protein gohtent of thé'diet (14%
vs. 29%) hadvno effect on the proportion of hens renesting,
clutch size, renesting interval or rate of laying (Table
\IfI;?). dverall, 50% of the hens that producéd‘a first“.
‘élutch renested. Birds that renested initiated their first
clutches earlier than those that dld not renest (x = April
2& n = 19 vs. May 1, n = 19; t = 2.96f P < 0.01).‘Despite.
this différéhée, 36% of the -28-hens lafing before May 1 did
not renest. The averége renest intervai for“all birds was
9.6 £ 0.6 days’(n_= 25).1T5é renesting-interval was not

related to the date on wh{ph the first clutch was taken (r =

0.05\ n = 24, NS). Q “ | _
DISCUSSION - . o o @ N .

&
Lay1ng$te

Contrary to the- results of this study, ducks have been

reported to nest earlier when sglkng §emperatures are hlgher

. .  , v!?-
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(Sowls 1955, Langford and Driver 1979, Hammond and Johnson
1984, Cowardin et al. 1985). The earlier laying by captive
Northern Pintails compared to those in the wild, despite
similar temperatures, shows that some other environmental
factor affects time of nesting. The advanced nesting in
captivity may have been‘caused by the ad libitum, high
quality food resources available to the captive birds acting
either directly or through improved body condition.‘Fobd
ava11ab111ty for laying female ducks has been suggested as
an 1lmportant factor affecting clutch initiation in ducks
I(Vaisanen 1974, Krapu 1974, 1981{. Krapu and Doty (1979) '
HSpeculated that eerlier nesting“by Mallards (Anas
platyrhynchos) in‘warmer springs could be a resuit of the
influence of temperature on food availability *The |
correlation between early nestlng and warmer temper§§§r£§ in
" other spec1es of birds has often been attrabuted to the
‘influence of temperature on food aCCGSSIbllltY (Perrins
1965, Bryant 197$g951agsvold 1975, Dhondt et al. 1584,
Newé%n and Marquiss‘1984). Food availability nas been shownf“
to be impertant in regmleting the_onsetrof iaying in wild
‘birds by the provision of,snpglemental food (eee reviewhjn
Davies ‘and Lundberg-1§85). The lack of a relationship |
.betﬁeen clutch initiation and tempereture in wild Northern
Pintails could haverresultedifrém a lack of‘dependance n
Between availability of food resources and temperature under’
- the climatic conditions experienced during this.etudy. Under

e extreme conditions a relationship may become evident;

Y



68
)

Smith (1968) stated'that freezing temperatnres in mid-April
caused a delay in nesting activity of Northern Pintails in
southern Alberta.

Despite the relatively low environmental heterogeneity
found under capgive conditions, captive Northern Pintails
4 exhibited considerable variability in'laying date with
clutches‘being,started over a 7-week span; In a numbe‘/:f
species of waterfowl, individual females have . fairly
consistent relative laying dates (Koskimies‘1957, Spurr and
Mjlne 1976,:Batt and Prince 1979, Dow and Fredga-1984),
apparently fromlinherited factors «(Batt and Prince 1978,
Birkhead et al. 1983, Findlay and Cooke 1983), Individual
variation in laying date has also been found in sd;egpther
species of birds (Brooke 1978, Nol et‘al.‘1984),aand ie |
.believed_to‘have a genetic basis (van Noordwijk et alt?EQBO,
1981). Numerous researchers have attributed’indiVidual‘
differences in laying dates to the existence of inherent
‘ var1atlon possibly mediated throUgh feeding ability
1P';h}ns 1965, 1570, Lack 1968, Spurr and Mllne 1976,

ontet al. 1983 Cooke et al. 1984) Genetic variation

mlght acceunt for some of the dlfferences in laylng date of

'capt1ve Northern Plntalls The advanced daying of captlve

S

Northern Plntalls compared to those in the wild would appear

-

to illustrate that earlier IQY1ng in the wild was be1ng

prevented by some env1ronmental factor as opposed to genetlc

>

"llmltatlon In this study, as 1n numerous others, a; -

y

-proportipn‘of the populatlon nested earlier than the
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majority (ie. prior.to the peak) despite selective pressures -

favoring early nestipg (see below). It has been'euggeéted
that this éituation exists because of a trade-off %hereby
early nesting is beneficial to the survival of youhg but
detrimental tdo the survival of the‘parents, such that the
eariiest nesting individuals may be at a disadvané%ge (Drent
and Daan 1980, Dow and Fredga 1§84). Because earlier laying
“in Northern Pintails is limited by some proximate,
en&ironmental faotor, a simpler explanaggon'is that laying
date is food-limited and the‘earl}est neerers are simply the
result of natural variation in. some food—rélated(perameter.

-

in the population or enV1ronment

Yearling Northern Plntalls nested é%ter than d1d adults :

~in the wild. Earller laying by older blrds as been reported
bl

“in varlous spec1es of waterfowl (Finney and Cooke 1978, Batr

1979, Krapu and Dot 1979, Balllle and Milne 1982, Afton

1984, Dow and Fredga 1984) Afton (1984) suggested that.

later bréedlng by younger Lesser Scaup (Aythya afFlnls) may

be a component of a "strategy to maxlmlze 11fet1me fatness

kas has ‘been proposed 1n other groups of birds (Blrkhead andr

'Nettleshlp 1982; Orlng and.Lank 1982, Bryant'and Westerterp'f

1983 PugeSek 1983 1984) The fact that. captive yearllng

Northern Plntalls laid earller than even adults in the wald-‘

shows that. yearllngs have the phy51olog1cal capablllty to
lay early but are prevented from d01ng so in the w1la by
some proximate, env1ronmental factor Thus,;thevleter lay1ng

~date of yearling Northern Pintails in the wild does not



result from a fixed ultimate "strategy" although a

genetically plastic response cannot be ruled out. Similarly, /'

Batt and Prince (i978) found that. in captivity, yearling?

Mallards laid as early as adults. Two major hypotheses have
been proposed to explain latervbreeding by younger birds of

-

“‘various species in the wild: 1) younger birds are

- inexperienced at.finding food (Lack 1968, Nur 1984), and, 2)

Ea

younger bircs are.socially inferior and.@re‘exCluded from

breeding‘space and/or resenrces (Wynne;Edwa;ds 1962, Hannon.
et al. 1982). De&ayed nestlng by first-time breedefs mlghL
also result from a general lack of experlence resultlng in
later arrlval px ‘the breedlng ground (801kPe11 19e7 Massey
and Atwood 1981, Orlng and Lank - 1982) le§s well- develoged
behav1oral repert01res (Dane andvvgn der Kloot 1964
Korschgen and Fredrlckson 1976 Br%@gers and Jackson 1981,

‘Euqness 1984), and decreaSed efrlc1ency in terrltorlal

e

d

defense (DeSte»en L980 Cooke‘et aL 41981 Brrkhead et-h}g

F e

}983) Sowls (1955) reported that adulﬂ female Norihern

L

‘A”;@lntalIS homed to their breedlng grouhd earller than. did

',of w1ld passerlnes ‘have shown that the 1ay1ng 6ate of

" heAd- reared yearl1ngs Some” studles of food suppléhentat1on °

',
v

a0

e .

ﬂyeapl1ngs is advanced‘moreﬁ han ;hat of adults (Kallander

974, 'Smith et al-’198@f» and-& number of studles have

‘\‘»

| 1nd1cated that younger 01rds, partlcula:ly in Larids, may be .

less eff1c1ent fo;agers ( see Nur 1984 for review). The
o » =

evidence suggests that later”laylng by younger b1rds is

«relatedfto food'acqu1s1t1qn;;The,lack'of territorial
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"behaviof in breeding Northern Pintails (Smith 1968,

Derrickson 1978, Titman and Seymour 1981) would appear to

preclude the social exclusion hypothesis as an explanation

-

for delayed breeding by.yearlings: Although tne précise‘
mechanism 1s unknown, the inexperience hypothesié appears to
be. a more credible explanation for delayed breeding by
yearling Northern Pintails tgan the social exclusion
hypothesis. ‘ , —

Laying date nas not related to body wéight 1n Northern
Pintails. In a few species of birds, there is some evidence

< s

that smaller (Jones 197! cited by Dunn 1976, Price 1984), or

heavier (Loman 1984) individuals may breed earlier than

4

‘average.

In sﬁmméry,\laying date in Northern P}ntails 1s
affected by hen-age, environmental condﬁtions and likely
individual variation. Food availability and foraging
efficienny nay be involved in the age-related and
envirenmental différentes of-laYing date. '

: The‘adaptive signifiéance of the early spring:nesting}

of Northern Pintails relative to other ducks remains

_speculative.'Because food habits of newly—hatched ducklings

e

e It

of various species are -similar (Sugden 1973), the hypothésis
‘thag food 'availability forjthé young‘governs'lajingvdate oﬁT
varidus species of ducks would hébé‘to‘berthin to the diet
of older;augklings when ﬁheifngiets have divergeé. The

v

.aVailabilityrnf"fdodﬁﬁor laying females is the other, most

likely ultimate factor that could govern timing of nesting.

[ ' . ) = T'
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The overall adaptive value of laying date in various species
of ducks is evidenced by the reduced survival rate of
ducklings that are hatched relatively late in a species'
breeding season (Hilden 1964, Grice and Rogers 1965,
Bengston 1972, Dow and Fredga 1984, Hill 1984). This
redoction in survival rate of later hatchedfyoung is also

apparent in many other species of birds (Perrins 1970, Drent

and Daan 1980, Cooke et al. 1984).

Clutch. Size
The clutch size of the Northern Pintail is lower than
that of cother North American dabbllng ducks and many d1v1ng

ducks. This relatively low fecundlty may be related to the

Northern Pintail's relatively highTsurvival rate compared

y
with many other species of ducks (Bellrose 1976). A negative

relatiohshlp betweem fecundity.agd adult.scrviyal is a
‘common life-history corcelation;in birds (Cody 1571,
Ricklefs 1977). A'
The«clutch size of wild NortherQAPintaife inwchlé stody
is very‘slmilar to that reported_by Keith (19€l)'trom .
soutbefn'Alberta,'but loyer tham thatvfound at Delta,
ManﬁtohaL{Table III—35. Although a statistical comparisoq
?:between Sowle' (1955) data from Delta and my samcle»was not
poss1b1e, I was able to compare my data w1th a smaller
sample from the Delta area recorded by Jones (pers comm.l

betWeen 1977—1984 Analys1s of covarlance adjustlng for

‘-laylng date showed that the clutch size of Northern Plntalls
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at Delta, Manitoba is larger‘than'that of wild birds at
. Brooks, Alberta (adjusted x = 8.8, n= 41, vs. 6.8, n = 290;

F

n

70.4, P < 0.001), but not different from those of the
captive birds (adjusted X = 8.1, n = 41, vs. 7.8, n = 41; F
=‘b.7, NS). Because the captive birds laid clutches similar .

"in size to those reported from Delta, the smaller clutch

-

size in southern Alberta appears to result fron some
environmental constraint. The great similarity 'in the
relationsnlp between elutch size and ‘laying date in the wild
1n eaoh‘year of the‘study (Fig. II1-4) despité the severe
drought of 1984 (Grace & Johnson 1985)'and combined with
Keith's (1961) clutch sizes, indicate that&thevbreeding
env1ronment of 50uthern Alberta 1s constant and apparently
1ncapable of produc1ng clutches equ1valent to those produced-

&

1n,capt1v1ty or- at Delta, Manitoba. Because both bodx
~reserves and food resources have been 1mp11cated as’
‘ prox1mate determlnants of clutch size in du,gks (Krapu 1974
B 1981"Drobney 1980 1982) the larger clutch size of captlve
blrds and those nestlng at Delta, Manltoba could, have |
resulted from superlor quant1ty or quallty of avallable food
and/or superlor body'condltlon Because there 1s no reason
vvﬁgtbelleve that the blrds breed1ng in Man1toba are 1n better
condltlon upon arr1val on the breeding ground than thoser
n%%tlng in southern Alberta, food resources on the breedlng

o

gﬁound are a more plaus1ble cause of the dlfference in

c utch 51ze. whlchever, it appears~that food, e1ther

y

>

:tly or via superlor body condition, iS'a.proximate’

e

¢
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0
factor influencing clutch size in Northern Pintails. Diet
guality has been suggested as a proximate'factor affecting
clutch size in ducks (Bengston 1971, Krapu 1981) and has
been shown to influence seasonal egg production in ducks
(Krapu and Swanson 1975, Krapu 1979). Rowher‘s (1984)
dismissal of food as a proxxmate determ1nant of clutch size

in ducks appears unfounded Food quality has also been shown

7to affect clutch size inﬁRuffed Grouse ﬂBonasa umbel lus) -

A

(Beckerton_and Middleton P982)./Siﬁilar to my results, “}r$ﬁ
Cowardin et al. (1985) found that the clutch size of wild
Mallards in. North Dakota was about 1 egg less than that
produced by captlve Mallards as reported by Batt and Prince

(1979). In opposition to’ the annual consistency in;clutch

size that I found even,during a sever: drought year Krapu

3

et al..(1983) reportéd that the clutch 12e of MalIards

averaged 0.7 ‘egg less i a dgy year.
vThe greatest source of variation ln clutch. size.in the

w1ld found. in thls study was the date 8f clutch 1n1t1at1on
.

A seasonal decllne in clutch 51ze 15 a feature common to

-

‘lmany species of. blrds 1nclud1ng waterf0wl (Klomp 1970) The

conf1gurat1on of the decl1ne in Northern Plntalls W1th a

s e

rap’d ‘decrease early in .the season, is Slmllde%& that

4 » . . LY

: , L e T .
reported by ‘Batt dnd'Prince (1979) for captﬁve Mallards but.

that reported for wild: Blue winged Teal (Anas

differs\fro

‘ane 1966) a‘nd Redheads lAyl‘hya amemcana) (Low

A

the'ﬂanter two spec1es, Lutch size remalned

til the cond half of the nestlng season and them
o o , e
'} ) NEEEE ,'_‘ y R ] ‘L »
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declined. In adult Northern Pintails, clutch size decllned
and then levelled off about m1dway through the season The

levelling off suggests that there may be some minimum clutch

/

size below which-it\éj not worth producing a clutch (Batt

My data refute a number of hypotheses that have been
proposed to explaln the seasonal decline in clutch 51ze _on a(
prox1mate level The per51stence of a decllnlng clutch %éze

.in the captlve blrds desplte ad’ libitum food supply

dlscounts the prox1mate effect of dec11n1ng food resources’

as the causative factor. Batt and Prince (1979)-also-found

that clutch size of captive Mallards decreased despite
unlimited food resources. The dec]ine within the fdtst
clutcheé lald by captlve Northern Plﬂtalls and the rapld
decllne in clutch size in the earllest nests in the w1ld
negates the hypothe51s that the decllne may be caused by_
renestlng blrds (DaV1s 1955, Strohmeyer 1967 lell 1984
Roseberry and Klimstra 1984). The seasonal decrease in -

clutch 51ze by yearling Northern Plntalls, both in. capt1v1ty

and 1n the w1ld rejects the hyggthe51s that the seasonal
«

: decl1ne resuits from later laylng by younger blrds (eg N

Johnsgard 1973) A more credxble explanat1on for the

r

A seasonal deqﬁlne is that a b1rd s nutr1ent reserves decreasea}

La

_ specrés of arctlc nestlng geese “ﬁ'ch appear to rely

)

seasonally and that clutch 51ze 1s 11m1ted byxthese body :

. reserves (Krapu 1981 Hamann 1983) The idea- of body reserve

/ s

depletlon has been most strongly supported by work on some.

—

. 8
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.exclusively on ehdogenous reserves for clutch formation
(Ryder 1970, Ankney and Maclnnes 1978). In some species of
ducks, body lipid reserves may be important to egg formation

although protein is obtained from exogenous sources (Drobney

K1980' 1982, Krapu 1981). In other birds, protein reserves

. appear to be important rather than lipid reserves (Jones and

Ward 1976, 1979, Houston et al 1983) while in some smatll

passérines, reserves seem to be of little, if any,

Y

importanceitp egg production (Newton 1972, Perrins 1979).

B3

Murton and Westwood (1977), pointed out that anatids ‘are
‘unusual in their reliance on body reserves for egg
production' and that in many otherfbirds nutrlents fo7/=
egg laylnd‘are der1ved primarily from dally food 1ntafe
fThus, the -body reserve depletion hypothesis appears an
unllﬁely explanatlon for the seasonal decllne of clutch size

in blrds other than some waterfow . W1th1n the waterfowl,
\ -

‘late nestlng ducks such as Gadwall (Anas strepera) and

Lesser Scaup exhlblt a seasonally decreas1ng clutch size

‘desplte the fact the birds are on the breedlng ground weeks%g

prlor to nestlng, llkely bu1ld1ng up thelr reserves rather

than depletlng them Consequently, the reserve depletlon :

hypothe51s lacks broad appllcablllty as an explanatlon for

'kthe seasonal decllne in clutch 51ze in b1rds. In this- study,_i

3 -~

'.;the presence of a clutch 51ze ‘d&cline in the flrst nests of

"

the 1nd(§1dually housed Northern Pintall palrs w1th ad

-,11b1tum”fzod also makes the reserve depletlon hypothe51s

L appear 1mprobable. It has been proposed that the seasonal



decline in clutch size is ultimately adaptive and is
regulated proximately by a seasonal decrease>in'the body
reserve threshold at which a bird wlll commence 1ay1ng, such

ﬁthat later in g nesting season, a blrd‘may commence laying
with lower bod? reserves, thus’broducing a Smaller clutch
(Re;golds 1972, Drent and Daan 1980, Birkhead et al. 1983).
However, this hypothesis also relies upon a direct
relatlonship‘petween ‘body ;eserves and clutch size and as
sucf, lacks widespread applicability.

Considefing the general 1nappropr1ateness of the above
hypotheses and the great 51m11ar1ty in clutch 512e among
-years in Northern PlntallS 1t would appear that lay1ng date
alone may be the‘prox1mate factor governing the seasonal
decrease in clutch size -(see also Kosklnles 1957, Coulsen

and Whlte 1961, Batt J1979) . The mechanlsm by which 1ay1ng
:date exerts‘lts 1nflmence on clutch size 1s_unknown ?lthoth
"daylength and temperature have been suggested (Dane 1966
Klomp 1970) . Photoperlod (and a ph@torefractory response)
would seem more plau51ble in view of 1ts prec1;e regularlty,

1ts 1mportance in the regulatlon of reproductlve readlness

in blrds (Farner and Follett 1979) and 1nd1catlons that it

<

~“may affect clutch size in domest1c fowl T@allus domestrcus)

(Byer,l‘y and - Moore 1941) ’Phe ovef’ilng 1nfluence of laylng

‘date on clutch ,size and the great 51m11ar1ty among years.

a

empha51ze that laying, date1must be analYZed in purported
‘&_‘ ks X

{annual quctuatloRs in clutch%slze as clutch sizg w1ll.be

~ .lower when birds nest'later.‘For example; Bengston‘(197tl,_

& : B o ,

i)

I3
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reported annual variation in clutch size of some duck

species and attributed it to food supplies although there is
no evidence that he analyzed the data for differences in

laying date. In Northern Pintails, mean overall clutch size

Y

could be lower ia a late” year because of the influence of

later mean laying date.

~

’

- . o
On "an ultimate devel, the'layingISf smaller. clutches

. . 3 .
- later in the seasor has often been conkidered an adaptation.

o : I's] .
to declining food resources for the young, particularly in

i o _ ? -
altricial spe&ies (Lack 1966, Perrins .1970, 1979, Weeks

’

1978). Numerous other studies have dismissed this

possibility because food resources have been found to be-

Y

Astable or 1ncrea51ng later ﬂn .a breeding season (von

'Haartmann 1971, Hussell 1872, Bryant and Westerterp 1983
+

) Ngwton and Marquiss 1984) . Hamann (1983) thought that the

ultlmate reason for the seasonal decline in clutch size in-

[N

Lesser~Sno¥ Geese (Anser caerulescens caenulescens) mlght be
synchronlggtlon of hatchlng among clutches At thertlme

. -Hamann suggested thls “the 1dea of adapt1ve synchrony of

~hatching in snow geese was in vogue (Flndlay and Cooke
-1982) . Slnce then hgwever it has been’ 1llustrated that’

selection favors earller habthlng clutches over
. e

synch onously—hatchlng lutches (Cooke et*al 1984) Another“
(/ Kﬁ ?

-

view - is ‘that the decrease in clutch size is not adaptlve and,

-

'1s merely an artlfact of -some phy51ologlcal process such as ;

' decreased hormonal act1v1ty (501kke11 1967) ‘although Farner

i
. and Follett (1979) p01nt out that even phy51olog1ca1
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responses such as photorefractoriuess may be adaptiue.

' Toft’et'al. (1984) recentﬂy examined the seasanal
decline in brood siae.{n a.number of duck species and, as
here, rejected various proximate causes that had been

proposed to explain this phenomenon. They proposed that the

ultimate explanation for the seasonal decrease in clutch

\siZe was the ihcreasedfproportion of duckling mortality

N i

\occurrlng at fledglng 1n late-hatched broods compared to

/

early hatched bnoods. They suggested that this 1ncreaq§d

S

risk after maximum Teproductive investmenit by,a hen could
»

select for a reduceé clutch size 1f hen survaval to the’ next

breeding season was enhanced as a result. Ifsuggest that a
'1

more catholic; ultiaate reason for reduced fecundity later”

in a breeding season is }he widespread seéasonal decrease in

*

‘offspﬁing sur&ival“rate whereby~young hatched relatively

late in a breeding season suffer 1ncreased mortallty (see

ﬂreferenqes/ﬂlte above)‘«Thxs has been;suggested as the

ultimate cause of the seasonal declrnetin ‘clutch size in

other groups of’birds (Kiomp 1970, dussell 1972 ‘Parsons -

o

976) and is also dependant upon the subsequent 1ncrease of

a blrd s thness. Bet hedglng theory predlcts that

reproductlve effort w1ll be reduced in the face. of
El . . "'Q
decrea51ng surv1va1 prOSpects for offsprlng (see

W1ttenberger 1981 356 for rev1ew) Reduced breedlng effort

‘flate 1n a breedlng season mlght also be selected - for 1f

larger clutghes ‘are detrlmental to. adult surv1val at .tHat

- N

>

‘

time because of approachlng-stresses (eg. molt, migratﬁon, o
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winter).

>

Yearling+*Northern Pintails nesting in the wild laid
AP ) . .

\ signiffbang}y smaller clutches than did adults. This
\ g}.i'fgf’e&e ptssisted after the later
258 ) N ’ . . ' : \

. S J .
-yearllngs'was accounted for. Young 1nd1v1duals of numerous

aying dates of

speclgs of ducks lay relatlveWy small clutches (See AftonA
<1984 tor.rev1ew). Ahnupher of studies of various bird
species inciuaing some waterfowl, have 'shown that the
sm%$ler clutch s1ze .in younger birds does not 51mp1y result
fﬁom the later laylng of younger birds (Coulsen and qute
| 1961, Perrlns .and Mbss 1974, Baillie and Milne 1982, |

.

‘ Rockwell et al. 1983, afton 1984). Reduced reproductive

output in young waterfowl and'other birds appears to result
frém lack of experlence rather than age per se (Lehrman and
j ”iyortls 1960,-Battlapd Prince 19??, Elnney'and Cooke 1978,
‘%Burley 1986 Aldrich and Raveling 1983' Loman.1984) The~j;
‘capblve yearlxng NorthernQP1ntalls in th1s study had the

gk

e§;’physxologlcal capablllty to lay larger clutches than dld
::adults in the w1ld Thus, the smalaer cIutch size of
':yearllng Northern Plntalls in the wlnd 1s not the result of 5
some flxedwgltlmate~ strategy" Slmllarly, Batt and Prince .
. (19;9) fou§% that the captlve env1ronment negated any S
j“hf\?1fferences in product1V1ty between yearllng apd adult L
*Mallards. The smaller clutch size of, younger blrds of
varlous species 1n the wild haSﬂoften been attrlbuted to a
lower foraglﬂg eff1c1ency (Klomp 1970 von Hartman 1971-
eSearcy 1978(.Harvey et al._1979,'Ba111teyand Milne 1982,

:
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;'Roskaft et al., 1983),

The captive Ndrthern Pintails exhibited considerable
variation in clutch size despite the relative environmental
constancy Individual differences in clutch size in some
species of waterfowl result from heredltary fac?@rs (Prlnce

et al. 1970, Birkhead et al. 1983, Findlay and Cpoke 1983)

as in;other birds (Klomp 1970, Perrins and Jones 1974, van

'Y

Noordwijk et al. 1980, Flux and Flux~T982 ‘but see Smith A

1881). Thus, some of the var1ab111ty apparent ﬁn the captive

No?thern Pintails may have been due to genetlc dlfferences

'”?he maintenance of genet1c~d1ver51ty in a trait such as’

;fltness 1tself has szgnlflcant a@dltlve genet1c varlance. : y

@lutch‘size which is, presumably, closely related to

fitness és“a genetic paradox in light of Fisher's (1930}h

'Fundamental Theoremrwh1ch predlcts a dlsappearance of

add1t1ve genetit variance (narrow herltablllty) because‘of

strong selective pressure, Rose (1984) and Price- and Grant

'(1984).pointed out, however, that genetlc varlance in %

tra1t that is glosely related to Titness need not mean that

¢ L

Strong selectlve pressure on precise clutch size could be’

‘ 'precluded.because of overrldlng influences of events. which /.:."

are 1ndependent of clutch sxze ‘such as a hlgh rate of total B

‘clutch loss (Rlcklefs and Bloom 1977, Smlth 1981 /Prlce

\

11984) Envxronmental Var1ab1llty among years and resultlng

3
,,dlfferences in r1tness values has also been suggested as a

cause of genetlc polymorphlsm in clutch 51ze TLack 1948
Hilden 1964, Mountford 1973, -Batt 1979, van Noordwijk et al.

..
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'W'affected by hen age, environmental oondltlons ‘and possily

: proposed- )llmlted food avallablllty for egg productlo o
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The body welght of Northern P1nta1ls was not related to-

\

. clutch size. Loman(1984) reported that Hooded Crows ( Corvus
” 9

one) that were relatlvely heavy had a tenden tollay.—

""" n

larger clutches whereas Pricev(1984) found that reproductive

effort was not related to body size in Darwln s finches. In

°

species that rely on body reserves for egg prpduction, such

. as some arcticrnesting geese, clutch size may be dependent

"~ upon weight of the bird (Ankney and Maclnnes 1978)

In summary, the clutch s1ze of Northern Pintails is - f"{f

4

-1nd1v1dual varlatlon Food avallabllJty and foragxng

>

eff1c1ency may be 1nvolved 1n the age related and
env1ronmental dlfferences. e o ;f '

& The u1t1mate 11m1t1ng factor on clutch size in

precocral birds is specuﬂatlve w1th four maln hypothesf

2)11m1ted brood rearing ablllty, 3)11m1ted 1ncubatron Cor

*

capac1ty, and 4)1ncreaSed probab111ty of nest predatlon w1th

- larger. clutches. Ev1dence and arguments have been presented

™ I

“‘that show that hypotheses 3) and 4} aqe unllkely
explanatlons for clutch size in waterfowb\fW1 kler and

Walters 1983 Rowher 1985). Recently, Rowher (1985)

presented ev1dence tha& the clutch 512e of Blue w1nged Teal
o
is’ not 11m1ted by brood reanng abll‘ty b6cau{se females can

. .

successfully rear broods. that are larger than normal

Although duckling surv1val and vanxance 1n brood-surv1 a1
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rates did npt differ‘among brood—size'classes, the observéd
variance in brood success for normal- and large-sized broods
was greater than expected.. Theoretical evidence predicts
that decteased fecundity wrll be selécted for }n the face of
increased §ariance in fospring"surviyal kGillespie 1977,
wittenherger 1981:.356) and thus, although brood—rearing
ability does not appear to limit clutch size, turther
research jis warranted. Rowher (1084) conducted egg removal
»studiesaand found'that birds in the,wild‘c%uLd not-be-
induced to lay larger clutches. He suggested that ducks in
the wild lacked sufficient nutrlents becauSe captive blrds
uith ad.libitum food appeared capable of laying,largerf‘
clutches and thus, the egg production ability hypothesis
appeared to be supported Rowher's (1984) conclusion 1in
’support 6f the egg. productlon ab11 ty hypothesis, is
contrary toﬁev1dence presented'by Sowls (1955),vStrohmeyer”
(1967); and Gates ﬂ196é) who found.that ducks 'ndfhe.wild‘

can;’and do, lay larger clutches than normal via contlnuous'

4 °

"laying. Continuous laylng in the w1ld resulted in the

, 'productlon of a normal 51zed clutch in the second nest'

14

: desplte the hen hav1ng prev1ously la1d some eggs, Q, i
1llustrat1ng that ducks have the d%pac1ty to ‘lay‘a larger

ciutch than they‘do The £act that blrds whlch exh1b1ted
‘contlnuous 1ay1ng changed thelr nest 51te, whereas b1rds_inf
removal experlments la1d thelr eggs in a 51ngle nest, may |
1nvolve some phy51olog1cal change whereby a new nest results
in an entlre new ClUtChubEIHQ lald._TheuprOductlon,of

€ . : ' : - I oL e
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Iargeé—thanfnormal sized.clutches in the wild via continuous
laying 1s contrary to the predlctlons df the food 11m1tatlon
hypothe51s and swggests that clutch size 1s not max1m12ed

~according to food ava1lab111ty.

Renesting -
The lack of renesting found in the radio—marked birds
in 1§82' the ‘small number of birds found renestlng in 1983
1and the 51m11ar1ty of the nestlng chronology in 1983 to that
of 1982.de5p1te the 1nduced 0% nest success rate in the
latter year show that renesting by Northern Pintails was
uncomnon on the study area. Sowls (1955) considered Northern
"Pintails‘to be the most'persistent renesting duck of the )
five spec1es he. examlned on the Delta Marsh in Manitoba.
MllODSkl (1958) and Derrlckson (1977) 1nd1cated that
‘iNorthern Plntalls exerted a.strong renest‘ng effort in
‘Man1toba and Nort Dakota,‘respectlvely, based on nesting
‘Chronologles Der]xckson_(1977f,found‘that although'No;thern
hPlnta;ls_;n NorthxDakota‘started to nest inhthe third week
lof‘Aorrl "the peak nest initiatdon mas'in the 2nd—4thiweek

.of Mav. Th1s relatlvely late peak in nestlng compared to

e. that found 1n the present study could be 1nd1cat1ve of a

strong renestlng effoft the’ latest clutch in- my study was

31n1t1ated June 23 compared to July 6 in North Dakota

"(Stewart 1975 vc1ted by Derr1ckson 1977) Stoudt (1971)

,belleved that Northern P1ntalls seldom renes@ed at Redvers, .

ﬁ:Saskatchewan, and Smlth (1871) cons1dered\Northern PLnta1ls
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to be less prone to renest.than Mallards or CanvéSbacks
(Aythya valfisineria) at Lousana, Alberta. Keith (1961)

’
éestimated the extent of renesting in various duck species 1in

.
southeastern Alberta from pair'cbunts and number of nests,
however, he omitted Northernlpintails because ef their early
departure from the area. This early depa ture of Northern
Pintails also implies a low incidence oterenesting. It
appears that Northern Pintaills are mueh less inclined to
renest in Alberta and Saskatchewan tﬁan in Manitoba-end
North Dakota. This regional disparity could be related to
the reduced water -permanency in the more arid prairie
"regions of sputhern.Alberta and Saskatchewan. Bellrose
(1976)-sugéested that reneSting'invNorthern Pintails ma} be
related to the stability and availability of- water areas.
Other specieslff ducks apqear to exhibit reduced renesting
effert during dry years (Krapu"et al. 1983, Afton 1984, Doty
et al. 1$84,IC9wardin et al. 5985). During the 2‘yeérs when
I investigated renesting in the wild, 1982 and 1983, the
udadjusted number‘of July pdqu surveyed by the Canadian
Wiidlife‘SerVice and United States Fish and Wildlife Service
in southern Alberta (survey strata 28 and 29) was 125 and
édg‘respectively, com@aréd to the 1955—1985_mean of i12 |
(Waterfowl ProdﬁctiOn Survey-1985, Canadian Wildlife
Service). Thus, ‘the late summer waterustatus varied between
sllghtly above and below the long- term(dean and the results

reported herein represent average condltlons. ReneSt1ng

- might increase in & very ‘wet’ year. Low renestlng effort in
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the grasslands of Alberta and Saskatchewan might also result
from poérer food resources. Foqd supply appear§ to regulate
the extent of ren;sting in Blue-winged Teal (Swanson and
Meyér<f977) and other birds species (Soikkeli 1967, Hilden
'1975). Diet composition also affects overall egg production-
1n captive ducks (Krapu and Swanson 1975,AKrapu 1979).
' . .

Renesting may be particularly important to the productivity
of Nor&hern‘Pinxai{s breeding in cultivaped afeés because
they readily nest on‘cultivated land where many first
clutches are destroyed Ey agricultural practices (Milbngki
1958, Higgins 1577, Krapu 1977).

The presence of a‘bery smali\secondary peak in the

nesting chronology of wild Northern Pintails during the

latter half of May and the late May laying dates of the five

'wild renesting hens indicate that the middle of May is a

reasonable, albeit somewhat subjective, date after which new
nests may be attributed to renesting hens. Based on marked

renesting birds and nesting chfonology, Sowls (1955)

considered Northern Pintail hens laying later than May'ZO to

v

be %enesting hens.'Milonski((1958)‘used¥May 19 in one year
énd Junefé in anotﬁe;,'as the‘cuﬁ?off/points after which he
a?bfibuted new nests ta renestiﬁg, based on nesting
chronologies.AIﬁ,mf study, the lack of nests produced‘agter"
Ma§ 20'during 1984, a seyege drought year (GtaCe‘éﬁa John§on
1985), indiéates that theﬁeiwas'yirtuéliy&ﬁé Eeﬁeépjng in

that year.
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Analysis of the age structure in 1982 and 1983 showed a
resurgence of/$@ying adults relativeltéiyearlings in late
May' and June, prébably a reéult of renesting by adults. The
iaying of a second clﬁtch by only half of the captive .
yearlings could be aﬁ indication'of relatively low
repfoductive effort in youngér birds (see Afton 1984).
Because no yearliﬁgs were found nesting in the wild in the -
last few weeks of,the'nesting season, there would appear to
be relatively little or no renesting bj yearlings. “
Undoubtedly, réhesting is less common in yea;lings than 1in
adultsf‘if for_no other reason thén their later first‘hést
in;tiations. Older Mallards renest more freguently than do
yearlings in both the wildf(Cowardin et al. f9855 and 1in
~semi-captive conditions (Swanson et al.‘1985). The lack of»\
vexperiencé, perbéps in foraging, that could be a cause of N
smaller cluﬁchés in yearlings (see above), might also cause
lower renesting ability in the wild. If yearlings.éxhibit
10Qer renesting persistency compared to adults despite ad
1ibitum‘food; this could be indicétivejoﬁ an ultimate |

ES

strategy for reduced reproductive effort by younger birds:

. .

i'Sowls (1955)‘chéracterized renesting by the presenée of
a'renesfiﬁg interval;’a‘period of days'betWeeﬁ-loss’of a
clutch (or brood) and initigtioh of another clutch, tbv
distinguish it from continuous iaying. The reneéting 
inter%als of four of the five hens recaptured in thisvstuay,.
we;e'sub§tantially lbngef'than that reported;by Sowls (1955;

63% of his daté‘points were from Northern Pintails). The
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captfve study showed that Northern Pintails are capable .of
5410 day renest intervals under cenditions of food ;
abundance. Ward and Batt (1973) stated that ?Qis 1s thé
average rene;t time for captive duéks. Swanéon et al_[(3985)
found that fhe mijp renest interval for semi-captiQe
Mallards &a§ about 7 days. Th? greater }%pgth of time
‘betﬁeeﬁ nest attempts)in wild Northern Ekntails inﬁthis
study a% compared to that in captivity and to Sowls (1955)
could be indicative of food_shortage. Swanson et al. (f985).55-
found'that fouod resources can-affect the length of fhe. |
renest inte€rval in Mallards. Sowls (1955) reported numerous
renest intervals from‘the.wild that wéfe less than the 9—10
days found -here in captive Northern Pintails.: A humber of
other studies on various ducks have found ionger renest
intervals for‘heqs that ldse their clutches early. in
incubationufhan those recorded by Sowés (eg. Grice and
;Rogers 1965,.Hunt aga Andé?ZOn 1966, éoulter and Miller
$1968; Alliston 1979,‘D6ty et al. 1934), although sbmé
n iaptive Mallards and wild.teai (4nas discérs_aﬁd}A.
_Cyanoptera) have been found with renest intervals }esS'than
8 day fHunt and Anderson. 1966, Strohmeyer 1§67, PrinceAét
- al. 1970, Swénsoh.efval.‘1966). The“rehést interval of £ﬁe
captive birds in this study was nof relatea to the date oﬁ
wﬁidh thé clutch Qas ﬁaken,‘ih coﬁtfast td Allistonfs’(1979)
. findings. | |
o The 1ac£ of .any di%féfence in'renesting'chéracperiétics

of hens on 14% and 29% protein_diets_appea:s somewhat



- contrary to .that of previous studies. Krapu and’Swanson
(1975) repotted_thet Notthefn‘Pigfaile laid feyer eggs on' an
18% protein Qheatzaﬁd‘ofetersﬁeii diet,than on a 23% pﬁotein
pelleted_ratioht qupu.(i9§9) found‘that‘Mallapde on a 14% -
‘proteiu‘uheat diet'producedfouly half as many eggs as tuose
on a 29% ptotein feed~kbot2kwere supplemented with ad
lﬁbitumfoystetshelijt‘ﬁothfof the above studies compared
wheat asta-iow protein diet to a high proteiu feed and
showed that qralns are 1nfer10r to h1gher proteln dlets

thus demonstratlng a need for invertebrates which have a
.hlgher prote;n.content on.average than plants. The leck of a
-difference reported herein suggests that the importance of
in&ertebrates is not simply théir h;gh'proteio'level
relative to plent materialubut‘some othﬁs faCtor(e); such as
their concentration of essential amdnc acids,'vitemius,
‘phosphoroug or othér constituents of animal matter (Scott et
al. 1969). Aithough Holm addVScott (1954)‘recommendedla
‘minimum of 1@;6% ptoteiu’for-breeding ducks, .I found that
.i4%’daé,adequate. Their"recommeudationiwaS'based'oh"theg
:reSUlts'of an "unsatiefectory"'17% protein diet thch
appeared to reeult in louer hetchebility'butxdid.not7elter

‘ egg product1on. Hatchablllty was not examlned in the: present‘
‘study As in most dietary studles, Holm and Scott 5. (1954)
‘*two d‘ets we;e hot comparable 1n all other aspects and
consequently, attrlbutlng p0551ble reduced hatchablllty to
lower proteln level- could be premature Another posszble
compllcat1ng factor in nutr1t1onal studies of ducks is that

SR
. \.“
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some researchers have examined continuous egg production by
collecting eggs daily (€. Holm and Scott 1954, Krapu and
Swanson 1975) as opposed to examin&ng o?utch size as done
_her;; ~ |

Only 50% ofﬁall temales in oaptibity renested despiteyy‘
ad libitum high quality food. In the Qild, 35 % of the birdéﬁ
radio-tagged in 198@ apparently left the study area soon
atter theirvfirSt nesting attempt fa&iled. Derrickson (1977)
also found that some Northern Plntall hens 1eft the breeding
area gmmedlately after their nests were destroyed. Studies
on other duck species have reported birds.leaving an area
after only one nesting attempt and 1t has been su%gested
‘that there may be/1nd1v1dual varlatlon “An renestlng
persistency (Coulter'and Miller 1968, Hgmberg et al. 1978).
The absence of renesting in half. of the captive birds herein
' could reflect a propornion of hens that would not renestlin
the wild, irrespective'of engironmental conditjons.

Although Sowls (1955) coneidered the Northern Pintail

to be the most per51stent renesting specges of the ducks h

studled he was unable to get a good estimate oi\Mallard
renesting'effort for COmoarison. Because Mallards appear
renest repeatedly in the prairie pothole;région (Swanson et
al.v1985) and their'nesting season is oftenﬁlonger than
that of Northern P1nta;ls (Mlller and Coll1ns 1954 ‘Milonski
:‘1958) they are llkely more pers1stent renesters. The

northern mlgratlon‘of Northern P1nta1LS'yh1ch has.been: ¢

reported in drought years (Smith 1970, Derksen and Eldridge
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1980) might be a féf1¢Ction o?*thg’léck of renesting -/
per§ist!hc; in the ﬁofthern Pintail relative to other -
eérly—nesting ducks. ﬁecause Northern Qintéils nest around
"shallow waterboiﬁes which are more-ephgméral ana susceptible
to drought than parkland watgrbodiesf the breeding habi}at

is less stable and the renestinQ’effort.of Northern Pintails

may be relatively low on average.
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IV, VARIATION IN EGG‘ SIZE OF THE NORTHERN PINTAIL

INTRODUCTION : K '

The size and/or number of offspring produced by an
animal must be compromised if reprodgctive output 1is limitéd
by availability oﬁ some resource. The udtimate reason for
the size 5% egg 1n a given species presumably represents
some optimal trade—off-bétwéen egg size and clutch size
(Smith and,Fretwe%l 1974), which is de&ermined by facfors,
such as the level of competition, predation, and
environmental uncertéinty fWilbur 1977). Larger eggs’ couid
imprer a neonate's probability of survival because young
may hatch 1n a more advanced stéte of development or with
greater body’reservés“(Klomp 1970). Larger offspring could
also have an advantage because ;hey are competitively
superior, have the ability to use a broader resource base,
and are less vulnerable to predators (Rezniék i982). In some
species, larger young have faster growth rates than smaller
young (Schifferli 1973V‘O'Connor 1975)' but not in others
(Ricklefs 1977, Furness 1983). The prlmaryj?actor limiting
the size of eggs and young may be the theoretlcal trade-off
between egg size and clutch size. Addltlonal seleqtlve
forces oppbsingvlarger eggs could be -the selectrve advantage
of breedingAearly when there 1is less food, restrictionS‘on;
‘large body size of the adult female w1th a p051t1ve

correlat1on between egg size and body size, energetlc

constraints oﬁ_lncubatlon and brood-rearlng, andffood"

o
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availabi}éty‘(Lundberg and Vaisanen 1979)./

Egg size is pbéitivély correlated Qithadffspring
survival in some bird species, particularly larids (Furness
1983, Ojanen 1983, and references therein). The re;ults of.
many of these studies may not be germane to a discussion of
op;jmﬁl eggfsize however because they epgmined intra-clutch
rathe?'than inter—éﬁutch variation énd showed that ,chicks
from the smaller, last eggs may have lower survival; A
number oé other studies have fandEno effect of '‘egqg size on
offsprihg mortality ana'have duestioned the importéncﬁ of
egg size to overall reproductive. success (Davis 1975, Brooke
1978, Barrett and Runde<1980). Egg size could be hore
important to the sUrvivél‘of offspring in al@{icial species
than in preﬁocial species (Vaisanen et al. 1972).

In comparison with Othef birds, wéterfowl'lay’uﬁusually
1arge eégs rélative to their body size (Murtan and Westwood
1977). In dﬁc#s, as 1in 6ther taxa of birds, larger spécies
“have a smaller.egg size/body.size ratio than do §maller'
species (Lack 1967). Lack (1967) and kvder (1970) speculated
that'large:‘eggs are advantageous in waterfowl because they
increase offspring survival by‘produCihg larger young thch
have latgerufatitesefves for SﬁrQiVing tém@ofary food
shortages. Lérger watérfowl néqnatesfcan suryive léhger
without fboaﬁthan smaller~cbnspecificsﬂ(Kraﬁu 1979,‘Anknéy
.1980) . Rhymer (1982)_foﬁnd that larger dp;klings are a158.7"
more gnergy'éfficient at maintaininé héméophermy but HaQé

réduced.growth rates and fledée—étfthg'sa

me .age as sma]
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duckllngs Unl1ke other reproduct1vekphagacters egg size
. -

'. and welght arenreported tQ have a hlgh her1tab111ty,:similar

g »

o m%rpholoqncal features (van Noordwljk et al 198},'Moss

ad Watson 1982\‘Rﬁck}efs 1983 . the herltablllty of a trait
measures the additive genetlc propd%tion‘of the total

¢ ¢ -
varxaEJon within a tralt and mav have . 1@pllcatlons regarding

*he 1mportance of the trait to fltness -(Falconer 1960).

Because_F1sher s. 1930) fundamental theorem predlcts the’
disappearancé of=add1t1ve geﬂetlc“varlange (nanrow ’ '
. ’ ¢
L 1

fheri&ability) in traits. closely related to fltness, the ”1

RN N

preservat1on of a large ‘heritable component in egg size nayi
mean that it-is relatlvely unlmportant t; overall fitness or
that genetic vdriability has been maintained.as'a result -of
enyironmentalTheterogeneity'(MGSS and Watson 1982).
Proximate factors known to affect egg size in various

spec1es of blrds are female age (Preston 1958, Davis 1975,

Brooke 1978, Furness 1983, Thomas 1983%.’£§%le body size
f;

°

(Festing and Nordskog 1967, Vaisanen’ 1977"Gra2t 1982, Loman

19845,\layin§adate (Coulson'et:al; 1969, Parsoms 1972, Runde

ang Barrett 1881, Furness 1983), and diet (Kraptu 1979, Sharp

\

and Moss 1981, Beckerton and Middleton 1982).
This paoer exahines the Variation in egg size of

Northern Plntalls breedlng in southern Alberta and the
‘7

causesfoffthat var1ataon. The «effect of a number of factors
3 - 4
1nclud1ng hen age, clutch number, env1ronmen{, and diet were

anestigated Ind1v1dual con51stency and the heritability of

Ak «‘»Ii :
égg size under changlng env1r3nmental conditions were also

’

P

-
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STUDY -AREA AND METHODS

s

The study of the wild population was conducted in an

. -
>

area of grazed mixed grass prairie- (Coupland 1961) about 3%
km south-east bf Brpoks, Alberta between 1983 and 198;. The
study area included four impoundments which are managed for
0Qaterfowl production by Ducks Unlimited Canada. These were ’
" described by Giroux (1981; impoundments D, E, F and G).
Search;s for nests on the artificial 1slands vere .
 conducted by walking across them systematically at least
once every 3 weeks, Oﬁ &he maiéland, nests were locafed by
dragging a 50-80 m steel rope. between two vehicles along
parallel transects. Duck nests were attribu#ed to a species
based on observation §f ﬁhe flushing hen, and Qccas&pnally

A

by.characteristicé ofrthe eggs and feathers in the nest. To
~obtain data on<;ndividuals, Northern Pﬁngail hens were
trappéd on their nests using drob traps (Sowls 1949),
modified Weller'traps (Weller 1957), or bow-net traps
(Sayler 1962). Hens were identified as either yearlings.or
-adultg baseq on wing—feather cha;acteristics'(Duncan 1985).
All hens were weighed, their tarsomeﬁatarsus measured, énd
were.banded to identify renesting individuals.
Egg:lenggh and breadth were measured at“the longest énd

widest points with vernier calipefs and an indéx of egg size
'was calculated by length x breadth?. Eggs{that wereé not

incubated were weighed éﬁ~a pan balance. The stage of



incubation of eggs was estimatgd by candling the eggs and
using Weller's (1956) guide to embryo develophent. Laying
date was calculated by back-dating from the stage of
incubation end the number of eggs 1in tﬁé clutch. For
analyses of clutch size, only incubatea clutches were used;
those which had been parasitiéed or exhibited signs of
pér%ial élutch depredation were not used.

To examine eég size under controlled conditions,
"Northern Pintails were hatched from eggs taken from the
étudy area in 1983 and reared 1in captivity at the Brooks
wildlife Center of the Alberta Department of‘Energy and
Nétural Resources. Eggs were marked and the ducklings'
web—taéged to identify them as being from a particular
clutch. When pipped, eggs were transférred to a hatching

- ‘ .
~incubator where the ducklings remained until weighed at 24 #

M
4 h after hatch. This was done to determine the relationship
between hatch weight andlégg.size.

The birds were raised in captivity, wing-clipped to
érevént flight, and maintained on an aa libitum commercial
waterfowl maintenance diet until the spfing oE 1984. They
we;e'exposed to natural daylength but had aCcesS to
‘relatively warm indoor facilities dﬁring the winter.
Fértthne pairs of birds, hosg of which had pai;ed
naturally, were placed into individual 4.6 ¥ 9.2 m pens
between March 26‘Aprii 2, 1984 where they were esseﬁgially

visually isolated. The ground within the pens was sparsely

'vegetated in early spring. Secluded nest-sites were

™,
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provided. Each pen contained a water basin (46 x 33 x 12 cm)
in which the water was changed daily. Half of the pens also
had 220 x 230 cm cement ponds which sloped to maximum depth™
of 20 cm. The water in these ponds waé changed infréquenEﬁy:
allowing stagnation and dense algal growth, Penned pairé‘
were initially maintained on a‘29% protein commercial
waterfowl diet provided ad libitum (Shpr—Gain Div., Canada
Packers Inc.). Crushed oystershell was also provided ad
libitum throughout the study. All clutches produced were
removed on the third day of incubation. When the figsp
clutches were taken, evéry second pair was put onto a diét
of 14% prétein commercial feed (Shur-Gain Div., Canada
Packers inb.). All birds were femovea on June 28-29 aftér
nestfng activity ﬁad ceased. Hens were weighed and theixr
tarsometatagsi and culmens measured immediately before and
after being confined in thevbfeeding pens.

Fof the analyséS‘oflclutcp size of cgptive birds, 1
used only incubated clutches in which all eggs were laid
within a single nest bowl; cluﬁches in which eggs were
"dropped" during laying or within 7 dayé of clutch
initiation;were‘not included. This eliminated potential
error wﬁen abhormally lafge "clutchés", which may have
resulted from.continuous laying, are inclgdeq. Continuous

-

< ' .
laying occurs when birds are disrupted during the laying

sequence, desert their nests, but continue to.depasit eggs

in a'new nest without a break in the laying cycLe (ie. no

change in laying interval; Sowls 1955),
R .
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As there was no difference in egg size between years,
data from both years was comblned for the various analyses.
Statistical analyses were pe;formed usinq the SPSSX package.
The signifitance level was set at alpha = 0.05{ values
greater than this are considered not significant (NS). Where
means aré presented, they are followed by the standard
error. Heritabilitvaas examined through‘regression analyéis

’ of egg size of daughters against those of their mothers and
repeataﬁility through analysis of variange using the within

and between caomponent varianges (Falconer 1960).

RESULTS AND DISCUSSION
The volume index used herein (length x breadth?) was
strongly correlated with tH%\‘ esh weight of the egg (r =
< N

0.95, n = 893, P < 0.00001), %nd thus was a good indicator of

egg size. This index has alid been found to be a good-

indicator of the mass of volume of eggs>in other species

(egqg. Birkhead'and Nettleship 1981, van Noordwifk ét §l.“
Y'L9éf, Murphy 1983). The volume index was also closely

related to the weight of the‘aay—old duckling (r = 0.94, n =

60, P < 0.00001). Similarly, egg size has been found to be

.

'proportional to hatchling size in numerous other birds (Howé
1976, Lundberg and Vaisanen 1979, Bancroft 1984 and

references therein).

The mean volume index of eggs from Northern Pintail

clutches in the'wild was 73.9 + 0.4 cm? [Fig. 1Vv-1; n

-1

(clutches) = 166]. Using the volume index-egg weight

7

LY

s
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Fig.lV-1. Frequency distribution of mean egg
volume index (length x breadth2) of Northern -
Pintail clutches from southern Alberta '



117

regression, tﬁe corresponding mean’wéight of fresh wild
Northert Pintail.eggs_was 40.3 g. To compére tHe egg size
with those reported from other studies of Northern ?intailsw‘
I calculated the mean length and breadth using all eggs;
these pfoguced a mean volume index of 73.7 cm?, which was
lower than the 76.6, 78.2 and 77.1 cm® indices calculated
from data in Fuller (1953), Bellrose (1976), and Palmer
(f976)) respectively. '
The mean egg size of clutches was not related to laying
date in the wild (r = 0083, n = 168, NS), nor in captivity
'(r = 0,003, n = 64, NS). Hill (1984) found that thers was a
seasonal décline in &he egg volume of tufﬁed ducks (Aythya
fuligula) bﬁt not in Mallards (E%as platyrhynchos). In many
species of,Seq7birqs, egé size decreases prégressively‘with
later laying.éages.(Runde and Barrett 1981 and Eegzrences
therein). . |
Yearling-and adult Northerh*Pintails éid'not lay
different sized eggs in the wild (yearlings:'72.6'i 0.9 cm?,
n = 31; aduifs: 74.0 + 0.5 cm®, N = 105; t = 1.34, NS). Baﬁt
and Prince (1978) founa“that the mean egg weights of captive
yéarling'and adult Mallards wéra also similar. Younger birds
“lay smaller egés.iq é‘nﬁmﬁet_of'species inéludiné.Amefican
Coots (Fulica amevicana)'(Crawford.1980); Semipglmatéd
éandpipers (Calidbis pusilla) (Graﬁto et al. 1983), énd_maﬁj
fspecigb of'seabirdéd(Brooké‘i9783 Thomas 1983,‘ahd_ “
fefgrences théréfn). A1though this age effect has been
suggested as a‘factbr in the obserQed séasohal dééline in

S
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eég size in some species (see above) because younger birds
lay later (Runde and Barrett 1981, Hi1ll 1984), a.seasonal
decline that is independent of age has been found in some
species (Coulson et al. 1969, Lloyd 1979) .

The weight of an incubating wild Northern Pintail hen

-

showed a weak positive correlation with her mean eqgq size (r
= 0;34, nv=‘124, p < 0;Q001), hO{ever, the mean egg size of.
first clutches from captive birds was not related to the
hens' pre-breeding or post—breeding weights (r = 0.04,
-0.15, respectively, n = 39, NS). The largest mean egg
volume index found in the wild (94.5 cm;, Fig. IV-1)j was
produced by a hen th@? Wefghed 820 g, » 80 ¢ mogg than the
next heaviést bird. Qithout this individual, the cofrelation
was even weaker (r = 0.24, P < 0.005). The relationship

between egg size and hen weight, may reflect a slight

tendency fof biggér birds to lay bigger eggs as,suggested by

B

a trend between tarsometatarsus length and egg size in wild
hens (r - 0.16, n-='124, 0.10 > P_;'O.QS); and culmen'length
and egg size in the céptive birds (r = 0;21; n = 39, 0.10 >
P > 0.05). Batt and Prince (1978)'foundAthat egg wéight was
not related to hen weight in capt}vg Mallards, similar to |
. the situatioh in;captive Northern'Pintails.—Fgmale body_size'
or mass has.a sméll,'poéitivé effect on -egg size-iﬁ domest ic
. chickens (Gallus aomestiCUS)'(FestEng and Nordskog 1967), |
shorebirds (Vaisanen'1977, Rossv1979, Nol et al. 1984',
Ricklefs 1984), and a few other‘species (eg. Gran:-1982,

Loman 1984). - E | °

@
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Comparing various species of anatids, Lack (1967, 1968)
/
found a general inverse correlation between clutch size and
size of the egg relative fo body size. He ar@uedlihat this
relationship reflected a broed‘trade—off between egg size
and foed availability. However, the validity of coﬁparing
birds of gfeatly different size from éiffereht tribes or .
subfamilies "is questionable (see Stearns 1983,1984) and does
not‘bear directly on the possible existence of an
-intraspecific relationship. Although theory prediets a
trade—eff between number and size of offspfing (Smith and.
Fretwell 1974); proximate evfdence for such a relationship
is sparse. The clutch size of wild and captive Northern
Pintails was not correlated with egg size (r = 0.08, n =
168: r = 0.13, n = 42; respectively, NS). Hill (i984),also
failed to find a correlation between clutch size and egg
size in Mallards and Tufted Ducks. No feietionship has-been
found between these parameters iﬁ a number of other bird
speeiee (Bryant 1975, Mose et al. 1981, Birkhead et al.
1983), although an inverse rela;ionship does exist in
poultry egg productlon (Marks 1981) and a few wild species
of blrds (Manning 1978,‘Ojanen et al. 1978). Bezzel and
;chwazenbech ({968} cited by Mpftbn ana westwood'1977)
‘reported a p031t1ve correlation between ‘clutch 51ze and egqg.
length (but not breadth) 'in ducks. In contrast, Kosklmles
(1957) found a trend toyards an inverse relationship between

-clutch size andeegg length in Velvet Scoters (Melanitta

fusca). The clutch size of Northern Pintails was related to
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neithér'mean length nor bpeadth of eggs froh wild birds
birds (r = -0.12, r = 0.05, respectively, n = 124, NS), nor
those from the first nests of captive birds (r = -0.08, r =
-0.14, n « 39, respectively, NS).

The mean.egg size of second clutches was larger.than
that of first clutches for captive'Northern Pintail hens
maintained on a consistent diet of 29% protein, whereas the
egg size of birds giQen a 14% protein diet dur ing renestingy
decreased but not\signifigantly (Table IV-1). Five hens
which were found renesting in the wild laid similar sized

~

eggs in each attempt (1st nest, 77.4 * 2.3 cm’; 2nd nest, =

]

77.0 £ 2.3 cm?; paired-t' 0.58, NS). Batt and Prince {(1979)
found théﬁ'captive Mallards laid slightly but significantly
heavier eggs in their second and third clutches although the’
egg weight in the first aﬁd fourth clutcﬁes did not differ.
They squeSfed that there might be-ah adaptiQe trade-off
wherepy‘egg size is increased in-later clutches to offset
the seasonallfeduction in clutch size that occurs. However,
the lack of a difference betwéen‘the,yeight of eégs in their
,first-and fourth clutches, aﬁd the inequity between the
increase in méss via larger eggs (1-2 g/egg) and the
decrease in mass vialfeduced clutch size (50 g/egg),'appear
té argue against substantial ecolbgically-adaptive value to
this‘phenoﬁenon.vEgg'size increéses between first and reheSt
'ciutchés in some bther birds (Ojanén et al. 1979, Parkér
1981), whereas in others it decreases (Runde and Barrett

1981, Nol et al. 1984).



121

Table IV-1. Effect of diets with differing protein content
on mean egg size (length x breadth?) of renest clutches of

Northern Pintails.

Dietary protein . Eqg size (x #:SE cm?)
(1st/2nd clutch) n st clutch 2nd clutch Difference®
%
29%/14% 10 82.8 %+ 1.9 79.6 + 2.8 NS
29%/29% 9 83.3 + 1.7 B6.4 + 1.5 *
Difference® ' NS * - //{

2paired t-test; * = P < 0.05, NS = P > 0.05. :

» Independant t-test.
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Diet affected the egg size of Northern Pintails.
Although egg size was 51m11ar in the first clutches 05 2
‘groups of birds on a 29% protein dI;t, blde that renested
with that diet'layed,significantly,lérger eggs 1n their
second clutches wheteas those switchéd to a 14% protein diet
for tenesting layed somewhat smaller eggs, such ttat the egg
size of second clutches differed between the 2 groups (Table
IV-2). In addition, the mean egg size of first clutches of ,
captive daughters was greater than that of their wild
mothers (81.6 + 1.1 vs. 75.1 % 0.7 cm’, n = 24, paired t =
5.38, P o< 0.001), possibly a result of the ad libitum, high
guality diet. Mallards on a wheat (14% protein) diet
supplemented with oystershell'laid lighter eggs than birds
on a 29% proteih’feed (Krapu 1979). Grouse alsb lay smaller
eggs on lower prOtgjn diets (Sha;p and Moss 1981,dBe®kerton
and Middleton 1982). Attr1but1ng differences in-eggq size to
a specific dietary.factor is not possible because the'diets
"vary not.only in protein but also in amino acid comp051t10n'
and other parameters. Nevertheless, there are indications
that animal protein and perhaps methionine level may affect
‘_kegg size (Krapu 1979, Shatp and Moss 1981).

' Latk (1968) thought that the variation in egg size.of
some penguins, in Wthh the smallest egg was 58% of the. '
weigtt bf the largest, was unuysually high. Similarly, Ankney
and Bissétt (1976) found that tHe smallest egg'in‘Lésser
Snow Geese (Anser caer'u{escens c.) was 59% of the weight of

the largest and p:oposed that annual var1atlon in

' o
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environmental conditions in tﬁe arctic mainta&ned this 1arge
egg size heterogeneity. The egg size of Narfhern Pintaills
also differed substantially among clutcﬁés; the volume index
of the smallest viable egg wds 56% of the largest in the
wild and 55% in captivity. Thus, the amount of variation 1in
Northern Pintail eggs is as great as that in the
above—mentioned‘species which have been:considered aberrant.
More appropriate measures of variaiion are the ratios of
smaliest to largést meaﬁ eqgg size per clutch rather than of
individual eggs to eliminate the effect of abnormal eggs, or
preferably, coefficients of variation (C.V.) which
standardize for differeht sample sizes. Although the amount
of variation in the éize of Northern Pintail eégs appears
considerable, it is less than or equal to that which exists
in a number of other morpholegical parameters (Table IV-2).
For a valid comparison, the C.V.'s of egg.volume indices
shodlé be compared to body ma$s whergas fhe C.V;'s of egg
measurements (lengths and breadths) should be compared to
other linear measurements (Simpson et al. 1960). Because the
variability in 'egg size is of the same magnitudejés those
that exisf in other parémeters, it would seem to merely |
represeht the overall variafion?inherent in a wild / |
populétion..Thus( a specific hypothesis to explain egg size
variation (eg. Ankney and ﬁiSsétt 1976)_may'not‘bej. -
necessary. A$ in other species (Preston j958;.Monte§eccHi»et,
al. 1983, Lundberg and Vaisanen 1979), egg breadth in

'NOthefn Pintails is less variable fhan,egg length. It'migbﬁf”“
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" elutches was 0.61 (n = 19) showlng that hens had{aép
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.

be expected that egg size in captivityswould be™less

var1ébie than that in the wild because of the relatively

1
.
\ (

homogeneous condxtlons for all captive birds. This was not
the case, however, as the mean egg size of the first
clutches of the captive daughters was more variable (C.V. =

»

0.06, n = 24, range‘74.7—92.6 cm?’) than that of their wild
mothers (C.V. = 0;04, n = 15, range 69.6-80.5 cm?’). The
increase in variability in-egg size among females under more

homﬁgeneous environmental conditions suggests that there is

ysubstantlal 1nherent differences between 1nd1v1duals which

was moderated in the .natural env1ronment.

Individual Northern, Pintails hens had a tendency to lay

eggs of the same size. The repeatability value (a measure of

' -Endividual consistency with values between 0 and 1) for mean

eqgg size of theACaptive birds between first and second

\ |

moderately high tendency to lay eggs of the same size. The

‘birds 9n'the>29% protein diet had a'slightly hlgher

,///Aepeatability ghan those sw@tdhed to a 14% protein diet

. A

(5.66, n <9, vs, 0.56, n = 10, respectively). A small

number of hens thax Were“recaptured in the wild had an even

higher repeatablllty in egg size (w1th1n years = 0;87, n =
hﬁ .

* between years'= .0.84, n = 5). Captlve Mallards have an

egyg welght repeatablllty of 0 62 (Batt and Pr1nc§,1978), and

captive Canvasbacks (Aythya vaIlSlneF'a) have an egg size

reﬁéétability>oﬁ 0.58 (Kostow and Bluhm 1984)._Egg sizes of
Eratalb ' Ve |

oﬁﬁ%r species _of birds have moderate to high repeatabilities
: i €
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between years (van Noordwijk et al; 1980, 1981, Moss and
Watson 1982, Nol et al. 1984). Within pumerous other bird
species, a major part of the variation 1n egg size 1s
attributable to differences between nests (may i1nclude & |
nest/individual) or females {(Vaisanen etial. 1972, Ojanen et
al. 1979, Furness 1983, Bancroft 1984, Birk@ead and
Nettleship 1984, Ricklefs 1984). Thus, a large part of the
variation in egg.size of birds, including Northern Pintazls,
results from differences between individuals.

Because repeatébility values indicate the amount of
variation between individuals relative to tHe total
phenotypic variance (Falconer 1960), and bécausg the
vardiation beéween individuals can be béth environmental and
genétic, repeatabilities set an upper limit to the %ossible

* importance of heritéble fgctors as'a cause of variation.
Although a high repeatab{lity is sometimgs used.to infer a
strong genetic effect, it does not necéssarily follow
because environmentél effects may be important; For example,

Smith (1981) Tound significant repeatabilities in 3 measures

of reproductive performance blt qg_g}gp}ﬁ}gath o

~

heritabilities. The heritability value of egqg size of
.Northern Pintails was examined by compé;ing the mean egg

-~ size of first clutches of %apmive-daughters to the egg size
‘of=fheir y{ld mothers. Thé regressionvfor all
daughter—mbther éombinatﬁons was 5qt significaﬁt (r* = 0.01,
n = 24, NS), but, becauée a number of daughters'were sisters

and thus not independent, a regression of the combined mean.
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egg'size of all daughters on that of their mother was also
conducted but was also insignificant (r?* = 0.03, n = 15,
‘NS). Thué; there was no significant relationship between the
egg size of daughters and that of their mothers and thus no
heritability value could be Calculated;lAlthough the mean
‘egg size of the captive daughters was larger than thaf of
their wild-mothers .(see above), the lack of a significant
heritability value shows that all genotypes were not equally
affecfedi Prince et al. (1970) found that'in captivity, the
eqgg weight of Mallards had a heritability of 0.55, but
Kostow and Bluhm (1984) found that the value for captive
Canvasbacks was only 0.19. A signifiéant genetic effect on
egg size has been found in Mute Swans (Cygnus olor)
(Birkhead et al. 1983), and egg size 1s modefately to highly
"heritable* in chickens'(Ring and Henderson’]9é4,.festing
and Nordskog 1967, van Tijen and Kuit 1970), and Great Tité
(Parus major) (Ojanen et aI}”1979, van Noordwijk et al.

\\. 1980,1981). Because heritability values are the ﬁ%oportion
of variance due to additive génetic factors relative to |

\

total variance (Falconer 1960), an increase in environmental

-

variance increaseé‘the total Qariance and thus decreases the
"heritability value, just as the feduétion of‘enyironmentél
variation (ie. captive conditions) can increase it (Merrel
- 1981, Fglconer 1960). The lack of a significant héritability
value for egg size iﬁ Northern Pintails could'Bé’caused by

¢ .
increased environmental variance resulting from the

LY

comparison of birds in the wild to those in captivity. If



the egg size of Nérthern Pintails does have a significant
genétic component that was obscured because of the
alteration 1in enviipnmental conditions, there must have been
a genotype-environment interaction because each genotype was
not equally affected. Assuming there is some heritable
compaonent to egg size in Northern Pintails, this study
illustrates the lability of egg size and the potential
effect oi environmental conditions of the magnitude
éncquntered in this étudy to_differentially_alter eqgg sizg.
In opgpsiﬁion to the results reported herein, Moss,and
Watson (1982) found that the egg size of Red Grouse (Lagopus
lagopus scoticus) had a heritability value of 0.66 between
wild mothers:and captivé déughters, despité'the change in

environments.: Their fihding could reflect a relatively

Y

stronger genetic effect on egg size or may have resulted
from comparatively little environmental variance between

. 3 \ . . . - ’ ' .
wild and captlvqrconditions relative to this study.

Heritability values are dépendent upon, and therefore
0 \ . S .

restricted toI'thé population and environment studied

§

(Falconer 1960, Merrell 1981, Berven and Gill 1983). Their .
usage is fféught wi%h probléms such as méternalleffgcts f
which may attificié&@y infiate the heritability of égg éize
(King and Héﬁdefsén‘X?54, Vaccafo and Van Vleck,1972):and

. genotype:environment ihteractions and correlationS'(Lerner
1972, Merrel 1981, Smixh and Zach(lgzg). Conseguently,
heritabilities are usef¥l primarilydfor the purpose for

A

which they were designedr-as an index of response to
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‘selective breeding, not as a measure of the importance of
the genotype to phenotype (Feldman and Lewontin 1975), which
is generally of greater interest to ecologists: This 15
reflected by the fact that heritability values from a
parent~offspring regression ére estimated from the
regression coefficient (slopé of fhe'regression'line) and
not the correlation coefficient;(strength of the

relationship).
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V. BODY RESERVES OF NEONATE NORTHERN PINTAILS

a

INTRODUCTION
‘f Newly-hatched“hidifugous birds must mgintain themselves
by cataboliém’of body reserves until they. have begun feeding
at.é-suitable feediné site and'a;e able to sustailn
”themSe}vqé by féraging. Duckliﬁgs‘generally remain in the
nest for. 12-24 h after hatching and dé not feed until their
second day of life Qr.latér (Kear 1965, Bjarvall 1968).
During thi§ timé,{a duckling is bélievgd to sustain itself
by_gssimiiéting tﬁe contents of its yolk sac and'body fat
deposits (Kear 1965, Marcstrom 1966). Although little is
known afvthercomposition and function of the yolk sac in
ne&ly—hétched birds, yolk reserves areQ;eneraliy thought to
be e;tremely:important as a source of food and energyrfof
LheW}y—hatqhed1birds.f§omanoff i944,‘Freeman 1971, Skutch
1976),_and that mortality.of young may be gelated to the
. size of fheif yblk ;eséfves‘(Notini j945ég}ted‘by Siivonen
1952, C&uléon et al. 1969, Parsons 1970).

This Sthdy égamihés thé body'feserves in the carcass,
yolk sac,_and'liver of neonate Norﬁhern.Pintails (AA%S
 éCuta); The‘hypéthésis‘that the yolk sac is the source.of
food ané'energy for neonates.is fested andvthebimportance of
the various Body reserves to the,gfowth and survivability of

[

the ducklings is investigated.
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METHODS
The study was conduc;ed éuring 1983-1984 using

ducklings hatched from eggs that were laid in the wild near
Brooks, Alberta, and in captivity by birds held in captivity
at the Brooké Wildlife Center of the . Alberta Department of
Energy and Natural Resources. The captive birds were reared
from eggs taken from the wild in 1983. So&e eggs were
"incubated naturally until pipped, wheréas others were
artificially incﬁbatéd at a d}y bulp_temperature og 37.5°C
and a wet bulb temperature of 31.1°C. When eggs were pipped,
they were transferred to a hatching incubator with a dry
bulb temperatgre 6f 36.9°C and wet bulb temperature of -
33.6°C. ﬁuckliggs were kept in the hatcher for 12-24 h
before being transferred to bréqding facilities with heat

o~ '

lamps éndﬂfree acéess to water. ,

To examine the use of body reserves in the absence of
food, unfed duqkliﬁgs were Sacrificeé at 0, 12, 24, 48, 12,
aﬁd 96 h aE{é} hatch. Du&klings and their.yolk sacs’and
livers weré weighed, and all coﬁbénents were then frozen for
subsequént lipid’ahalysis.‘Lipid.extréctions were conducted
using petroleum ether in a Soxhlet apparatus.

To_détérmine the importance offthe)yolk sac,
deutectomies (yolk sac removalé) were performed between QLI
h affer hatch following thé.procedufe'outlined by Rinaude et’
al. (1982). Lido—2_wés~used aé'gh anesthetic. Sham-&pe;ated
ducklings wefe anesthetized, incised, and a small portion of

their yolk sac was extruded and replaced, before being
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sutured. Growth of deutectomised and’sham—operated ducklings
was monitored by weighing ducklings and measuring their
culmens and tarsometatarsi‘with~vernier calipers af t day of
agé and subsequent 2 day intervals up to 1i.daysvof age. The
culmen was measured between the distal tip and the proximal

-
median of the upper mandible. Measurement of the

‘tarsometatarsus included the disﬁal condylé of the /
tibiqtéfsus. Ducklings Qere fed 22% protein goose and duck
starter (Lakeside Feeders Ltd.) ad libitum. The life-span of
a small number of unfed deutectomised and sham-operatéd
ducklings of other species was measured to determine the
importance of the yolk gac under starvation coé@}ﬁﬁons. A
few duc}iings were dlso placed in a refrigerator and their
temperature was monitored _periodically by slidipg a
thermistor ‘probe down the ésophaQUS‘into the prerntriculus;
Statisticél analyses were conducted using the SPSSX
pack;ge with a S&gnificance lével of 0.05. Non-significant-
results-are'indicated by NS and means are followed by
standérd errors..The terms neonate and newly-hatched refer

to ducklings 0-1 h old, and carcass refers to the duckling

without feathers, bill, feet, yolk sac, and liver.
RESULTS AND DISCUSSION

Ducklings : . - J

" Northern. Pintail duéklings decreased in weight between

hatcH and 4 days of age in the absence of food (Table V-1,'r



Table V-1. Fresh weight (g) of food-deprived Northern

Pintail ducklings, their yolk sacs, and livers as a

by = ¢ for livers.

function of age (mean t SE).

Age n Duckiinga Yolk sac Liver
Hatch 16b - 29.7 ¢+ 1.2 2.33 + 0.12 0.67 £ 0.02
12 h 3 28.8 + 1.9 1.89 + 0.10 0.93°% 0.13
24 h "4  25.7 +1.0 0.66 t 0.11° 1.02 % 0.07
48 h 5 26.2 = 1,07 0.4 + 0.08 1.14 +°0.,08
72 h 4 26.0 * 0.3 0.98 ¢ 11
96 h 4 22.2 + 1.9 "0.88 + 0.15
@1ncluding yolk sac and liver.

142
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- -0.56, n = 33, P < 0.0005). The correlation may have been
weakened by: 1) the considerable variation in duckling size
(Duncan 1986) and small sampleﬂsizes, and 2) the facf that
individuals were not weighed_repeatedly. )

Néonate Northern Pintails havedf very high fat éontent.
Lipids comprised 43% of the dry mass of newly-hatched
Northern Pintails (excluding featéers, bill and feet) (Table

V-2). This was more than the 35% found in Lesser Scaup

(Athya affinis) (Sugden and Harris 1972).
i

The lipid index (g lipid/ g lean dry mass) of neonate
Northern Pintails'was 0.74, higher than the 0.44-0.57 values
talculated for Mallards (Anas platyrhynchos) (Ricklefs 1977, :
Rhymer 1982), and‘the 0.30 index found in Wood Ducks (Aix
sponsa) kClay et al. 1979). Although Ricklefs (1977) |
calculated a lipid index of 0.75 for chickens'(Gailus
dOmeSticqs) from Medway ahd Kare's -(1957) data, I

recalculated it as 0.54, similar to the 0.40+-0.50 values

from Romaﬁoff's (1932, 1967) data. All theﬁe values are high
compéred to the'0.10—0.40 ind;ces from neonates of various
bt'? bird species i-ncluding‘numerous altric‘ial speci'esv
(Rféklef5'1967, f977,.Brisbin 1969, .Brisbin and'Taily 1973,
-Dunn 1975, Dunn and Brisbin 1980, nyant and Hails 1983). It
appears that a}tricial“birds [énd;Japanese Quail (Coturnfx"
coturnix japonfca)]‘hatch with relatively low fat content

and tﬁen.inc;easettheir lipid lévels‘as_they grow (Ri?klefs

1967, Clay et al. 1979). The higher fat ;ontént of precogial

neonates can be related to the initial composition of eggs;

-
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fresh eggs of precocial birds generally contain a greater
proportion of lipﬁd—rich yolk than do eggs of altricial
species (Carey et al. 1980,-§icklefs 1977). The ultimate
reason(s) for this relatlonshlp could be hlgher .
post-embryonic energy demand, and/or higher 1ncubat10n
energy demand because of longer incubation periods for eggs
of precocial,species‘(Richlefs 1977).

The lipid index of food- deprlved Northern Pintail
ducklings- dropped from 0.74 to 0.16 by 4 days after hatch
(Fig. Vv-1). At fat indices less than 0.20-0.30, lipids can
be used only‘with a concurrent cataboljsm of non-fat tissue
(Odhm et al. 1964, Johnston 1968), and eensequently critical
body tissues begin to deteriorate. Newly-hatched Northern
Pintail ducklings are able to shrvive 4-5 days after hatch
without food (unpubl. data, Krapu 1974). By 5 days of age,
Northern Pintail,aucklinge will have-usedvup virtually all
their iipid rfserve»(Fig. V-1). Mallard ducklings, which are
latger - than Northern Pintail ducklings, can survive 5-7.5
days (Marcstrom 1966, Krapu T979). Within a Species, large
waterfoﬁl young survive atarvation lohéer than smaller ones
(Krapu 1979, | Ankney 1980). | o
' The water 1ndex of Northern Plntalls was higher than-

that reported from other ducks. The water 1ndex (g water/ g

~lean dry mass) of Northernwplntail ducklings dropped in the

first 12 h after-hateh, likely a result of dehydratton and
drying of their plumage while'in the hatching incubator, and.

then flpcthated between 4.8—5.3.(Fi§.VV—1). The water index
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Fig’.V-i. Changes in water index (g .water/g - =
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~“mass) of food-deprived Northern Pintail :

ducklings (minus feathers, bill, and feet) after

hatch. Sample sizes are above x-axis.
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of newiy~hatched Mallards is 2.7-3.3 (Ricklefs 1977, Rhymer
1982) and that of Wood Ducks i 2.4 (Clay et al. 1979).
Chickens have a water index of 4.7-5.4 (Medway and Kare
1957, Romanoff 1967). The water indice$ of variouifqther
neonate birds, including numerous altricial specie;, ranges
from 3.0-7.5 (Ricklefs 1967, 1977, Brisbin 1969, Brisbin and
Tally 1973, Dunn and Brisbin 1980, Ricklefs and White 1981,
Bryant and Hails 1983). Ar and Yom-Tov (1978) speculated
that the highef water content foﬁnd in fresh eggs of
altricial species compared to p;ecocialVSpecies 1s to
providelaltricial young with more water because they are fed
dry food. Although altricial young often have a higher water
content than precocial youhg (Rickléf§f1967, 1983, Dunn
1975, Dunn and Brisbiﬁ 1880), the .value found here for
Northern Pintails and other éata (?i&klefs 1977) show that
the relationship between developmental type and water -
content is indistinct. Clay et al. (1979) thought‘that young
waterfowl méy‘hydréte during their equy gfowth'whereas
altricial birds and Jépanese Quail dehydrate at this time.
. ‘ : {  . ‘E
Carcass ' s
© The carcass of neonate Northern Pintails contains a

large amount of fét,With lipids;cohprisingx40% of the dr§
mass at hatching (Table V-2). This is highef than the 35%
found in Mallard ducklingé (Marésﬁrom 1966), and the 28%
found in Caperéaillie'(TetPab uPogallus)‘chicks (Marcstrom
‘1960).’faté-comprise about 23% of the dry weight of chicken

-
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embryo carcasses near hatching (Romanoff 1932). The lipid
index of carcasses of'newly’hatched No;thern Pintails wés
~D.65, higher fhan the 0.44 value found in Mallard carcasses
(Ricklefs 1977). The indiceé for carcasses of another
precocial species and a semi-precocial species were 0.36 and
0.26, respectively, whereas that of 2 altricial species was
0.16 aqd 0.29 (Ricklefs 1977). Thus; 1t appears that ducks
may hatch with relatively large carcass fat stores coﬁpared
to othér birds and that precocial young may tend to have
more carcass fat than altricial young. Although I did not
look for body Eat deposits specifically, I did notice
sizeable fat depots :on the legs of neonate Northern
‘Pintails. Subcutaneoué fat deposits have been reported from
the bodies of Mallard ducklings (Kear 1965, Marcstrom 1966).
Newly-hatched chickens have specific fat depots on their |
bodies (Liebelt and Eastlick 1954) although Freeman (1971)
stated that chickens, unlike some birds, haveslittle
subcutaneous fat with most o% their adipose tissue being
intra-abdominal.

The carcass fats of a newly—hatchea Nortﬁern Pintail
duckling comprise 72% of the neonate's total lipid‘reserves,
higher than the 60% thathicklefS (1977).found in 2 Mallard

ducklings. Lipids in neonate galliform carcasses comprise

*less of the total lipid reserve; about 50% in Capercaillie
chicks (Marcstrom 1960) and chickens (Romanoff 1932).
Theberge' and West (1973) stated that Rock Ptafmigan chicks

‘(Lagdpus mutus) had little subcuténeous fat and that body
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k3
fats were not an important energy source. On the contrary,

§
Ricklefs (1977) concluded from Marcstrom's (1960, 1966)
studies thét more of a neonate's energy reserves are in ifs
body‘fat than in 1tssyolk sac althou he maintained that
yolk was an important energy source for neonates.

. ! ’
The lipid mass in the carcass of unfed Northern Pintail

ducklings decreased with time after hatch (Table V-2, r =
-0.88, n = 27, P < 0.00001). Greater -than 75% of the
neonéte's carcass lipids were used to sustain the duckling
up:until 4 days of agel The lipids in.Northern’Pintail
carcasses decreased from 40% of the dry weight (lipid index
= 0.65) to only 12% (lipid index ='0.14) by 4 days after
hatch (ng. V-2). The body fats in the carcasses of starved
- Mallard ducklings deéreased from 35% at hatch to 11% at 7 |
days G6f age (near death) (Marcstrom 1966) and that of
Capercaillie chicks fell from 28% to 11% by 5 days after
hatch (near death) (Maréstrom 1960). Thus, neonate Northern
Pintails catabolize their substantial carcass.fat deposits
to survive in the absénce of food. Ligids'are known to be
the main source 6f enefgy in newly-hatched chickens (Freeman
1971) . | o
There was a small increase in carcass lean masé after
hatch (Table V4é, r = 0.35, n =,27;‘P.% 0.05), primarily
attributable tovan increase during the first f2 h after
hatch. Because no food was_é;ten;/the increase in lean.mass’

must come from the yolk. Marcstrom (1?60, 1966) feund that

the dry Qeight of Capercaillie chicks and Mallard ducklings

N . ) t
. .
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increased in the first 1-2 days of life, causeq_by an

increase in the non-lipid fraction. Ricklefs (1977) also ,
noted that durind hatch and the change from réliance upon .
body reserveélto food‘supply, the growth rate of precocial

chicks did not slow.

_Yolk Sac

The mean weight of yolk sacs frO@ newly-hatched
Northern Pintails was 2.3 + 0.1 g (n = 16). The averagé
weight of these ducklings at hatching was 29.7 * 1.2 g so
that the yolk sac comprised 8% of their body weight. The
yolk sacs of 4 neonate Gadwalls (Anas strépera) and 3 Lesser
‘Scaub (Aythya affinis) that 1 examined were 9% apd'10% of
their body weights respectively. Yolk sacs also constitute
9-14% of the weight of newly-hatqhed Mallard§ (Kear 1965,
Marcstrom 1966) and 9% in Tufﬁed Ducks (Aythya fuligula)
(Kear i970). Yélk»réserve cqmprisé§ 11% of the body weight
of nédnéte-yabanese Quail but is 18% of the body mass of )
Laughing Gulls (Larus,atnicillai (Ricklefs et al. 1978) and
17% in Capercaiilie KMarcstqom'1960).kThe.yolk sac of
‘various domesticated and,Sem;-dbmesticated birds also
Sppéars to be qﬁite large,“comprising $-19% of the neonate's
,massrét hatching with a trendvtowaras relatively larger yolk
sacs in birds lay{ng"larger’eggs (Rbménoff T944).VAlthough”
it‘is often‘suggested°that prebociallyoung hatch with a

relatively greater proportion of yolk reserve compared. to

‘altricial youngb(Blem 1976,.Ar_ahd Yom~Tov.1978, Caréy
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1983), the relationship is not clear-cut if it exists at all
(see also Ricklefs 1974). The average prooortion in ducks is‘
more similar to the 8% found in altricial speciesfthan the °*
15% -found in other precocial species (Qleck et 51. 1980) .
The yolk sacs of Northern Pintails atrophy with time
after hatch (Table v-1,'r = -0.90, n = 28, P <,0.00001). The
yolk reserve is almost comoletely gone by 48 ﬁ'after hatch
with relatively little being used during the’first 12 h-
after hatch. Most of the Xoik'sac of Mallard‘ducklings is
also assimilated in the first 2 days after hatch (Keac 1965,
Marcstrom 1966) as is that of Double-crested Cormorants
{(Phalacrocorax auritus) (Dunn 1975). The yolk sacs of |
gallinaceous-birds, which appeaf to be relatively_larger
than those of‘ducks, persist for a somewhat longer time
(Marcstcom 1960, Bergerud 1970). The yolk sacs of numerous
domesticated and semi—domesticated birds‘appear'to persist.
longer than those of wild birds with substantiai yolk ieft
at 4‘days after.oatch (Romahoff 1967)..Kear (1965 '1970)
speculated that food reserves from the yolk sacs of
ducklings are trans{eiged to the liver and subcutaneous body
fats after hatching., Rlnaudo.et al (1982) showed that some
of the amiho acids and fatty acids of the yol{ sac are used
to . create hepatic glycogen after hatch. It. is presumed that
' protelnaceous mater1als from the yo’k sac are used by the
'neonate for tlssue synthe51s (Marcstrom 1960 1966) and
’growth (Bancroft“1985). The non—llpld_fractlon,of the yolk_’-

is hearly dll protein (Romanoff 1967, Green 1980) , and it~
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would appear that this material contributes to the increase

"of lean carcass tissue after hatch (see above). Some yolk

materials enter directly into the blood stream of the

‘ neonate from the highly-vascularized yolk sac (Romanoff

1944, Rinaudo et al. 1982). In addition, some yolk materials
may enter directly into the small intestine through the yolk

stalk that connects the- yolk sac to the intestine (Marcstrom
(e

1960, Romanoff 1960), although others believe it does not

-

(Freeman and VincgQ 1974)" . |
The lipid content of the yolk sacs of'hewly—hatched

Northern Pintails averaged 56% of its dry weight (T;ble

~F

v-2), higher than that reported from other species. Ricklefs
L g : .

t

(1977) found that lipids constituted 51% of the dry weight
of 2 ;blk‘saés from neonate Mallards and the propoftion

varied between 39—52% in.a number of other speéies

(Marcstrom 1960, Ricklefs 1977,‘Ritklefs et al. 1978). Fat

constitutes 33% of the dry weiéht of chicken yqik'sacs at '

,.hagéhing (Romanoff 1967). The lipid index pof 1.3'in the lek

sac of newlyjhétched Northern Pintails (Fig,VLZ) was also

greater than the 0.7-1.1 indices found in a number of other
species (Marcstrom 1960, Ricklefs 1977).

Lipids constitute a lower proportion .of the-dry mass of

" yolk sacs than they do of fresh egg yolks (Ricklefs 1977,

Wiiiiams et al. 1982). The lipid content of 4 yolks from

Prexh Noithern‘Pintéii-eggS was 63% of their dry weight

compare¥ to 56% in the yolk sac. The relative amounts of

various y®lk constituents chandes during incubation (Saito
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et al. 1965), including a decrease in the propgrtipn of
lipid (Budowski et al. 1961, Noble and Moore 1967).

At hatching, the yolk'sac of Northern Pintails contains
24% of the total lipid in the duckling (Table V-%Y. Although
the lipid index of the yolk sac iélhigher than that of the
carcass (Fig. V-Z), the‘larger maés of the carcass meant
that the majority of lipid reserves are .in the carcass.
Studies of other species have fouﬁd phat the yolk sac
containé a greater proportion of the neonate’s fotal lipid
reserves than it does in Northern Pintails; yolk lipids
constituted 40% of all 1lipids in 2 hétchling Mallards
(Ricklefs 1977) and about half of the energy reserves of
newly-hatched EEat—tailed Gfackies<(OuiSCalus major)
(Bancroft 1985)1 The lipid index of Northern Pintail yolk
sacs remained fairly constant, fluctuating between 1.1-1.3
during the 24 h after hatch when most of its contents were
being aésimilated (Fig. V—Z-and’Tablé V—l).'Romanoff'(1967:
200) found that the lipid of chicken yolk sacs was absorbed
at only a slightly dreater rate than was protein.

. To appraise the value of the‘yolk sacias an endogenoﬁs
food éource agains£ starvation, déutéétomies were conducte ]
on a small numﬁér of ducklings and the survivability of
these‘bigas was detefminéd_invthe aﬁsenqé,of food. Four
Gadwall ducklings without yolk sacs survived a mean of .125 h

(range 116-142 h) while three that were sham—operated’lived

a

an average of 130 h\irangé 117-139 h). Three Lesser Scaup'

ducklings that were deutectomised lived for an average of
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122 h (range 117-125 h) while two sham-operated neonates
lived 117 and 135 h. This demonstrates uneguivocally that
the contents of the yolk sac of newly-hatched ducklings are
not én imporéént food source for the maintenance of
ducklings during starvation. Romanoff (1944) believed that
~the domestic birds he studied relied upon their yolk sacs
during starvation. In oppésition to this common belief,
Marcstrom (1960) doubted that the size of the yolk sac in
néwiy—hatched Capercaillie chicks was important to their |
ability to toleraﬁe staryation énd later (Marcstrom 1966)
conéluded that body lipids were the most important energy
sou}ce during étarvatidn for both Mallarg ducklings and
Capercaillie chichs. In addition, Kear (1965) phought that
the yolk sac might not be %mportant to the survngl of
Mallard neonates because starvation-did not accelerate the
disappearance of their yolk resefve.'ln fact, the yolk sac;
of birds appeér to .be assimilated faster in fed neonates
than in starved ones (Heywang ahd'Jull 1930, Romanoff 1944,
Marcstrom 1960). Becausé*yolk materials contain digestive
enzymes (Rol'nik 1970), the ‘intake of fooa mighf stimulate
.the release of some of these materials and tbus hasten the
assimilation of yolk. It might also be adaptive to maintain
yolk material in its relatively inert state rather ﬁhan
convert it to energy-demanding, metabolically active tissue

when there 1s a food shortage.

- The importance of the yolk sac to the growth of

-

Northern Pintail ducklings was also evallated using

»

Ve
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deﬁtectomised birds. The absénce of a volk sac resulted in
. lower weights, and smaller culmens and tarsometatarsi up to
11 days of age when the experiment was concluded (Fig. v-3). 0
The differences were not due to an initialvdifferénce in
duckling size as the pre-operative Qeights of deutectomised
and shém—operated ducklings were the same (29.7, n = 9, vs.
29.8, n = 9, t = 0.03, NS) although the tarsometatarsi of
the sham-operated ducklirigs tended to be larger (0.10 > P
0.05). The appearance of a diffe;encé in culﬁen léngth at 3
days of age and the apparent increase in the difference Kn
weight and tarsometatarsi with agé show the importance of
the yolk sac to growth. Because 2-2.5 week old male Mallards
‘are larger than femaies,(Rhymer'j982), I exaé%ned tﬁé sex
ratio of the 2 groups fo check fér unequal se; ratios. The,
faéios were similar in both groups: males/females = 0.4 ih
deutectomised and 0.5 in sham-operated group. Freeman (1971)
goncluded that the absence of a yolk'sac in neonate chickens
does nbt'impair theiryérowth rate although Sloan et al.
(1934) showed that iolk sacs counteract vitamin deficienbigs
‘and promote higher growhﬁ.rates fn poults. Barott et alf
(1936) also found that deutectomised neonate chickens have
lower metabolic rates. The function of the yolk sac in the
growth of ducklings may bé mére complex tban a‘simple
contribution of proteinaceou;jtiésue—bﬁilding’material
1bebause Ehe_absélute differénces in weight between
déutectomised and sham—ope;atediducklings appeéred‘to

" increase with age¥(Fig. V-3). The yolk sac'could affect
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growth in’various ways as 1t has a variety of functions
including digestion and anabolism, and is involved with the-
endocrine and lymphatic systems (Romanoff'1960, Rol'nik
1970, Freeman and Vincg 1974).

Yolk sacs may also be important for the development of
homeothermy’ in newly;hatched birds (Ar and Yom-Tov 1978). In
this regard, it is interesting to note that after 4.5‘H at
4°C, two 24-h-old sham-operated Nonthern Pintails maintained
their core temperature at 41.0°C and 40.0°C respectively,
whereas the temperatufe of{1 deutectomised duckliqg had
dropped to 35,5°C while,anSEQer,had to be removedfgfter its
temperature fell to 30.0°C igxonly 2.5 h. Freeman (1965a)
thought that the replacement of metabolically inactive yolk
"by actively~metabolizing tissue might account for the
increase in body temperature of newly-hatched chicks._
Freeman (1965b) also suggested‘that'liver giycogen stores
”might be involved in the maintenance of body temperature and
recgntly, it has been'shown that the yolk sac contributes
synthetic mgﬁe;ials for hepatic gluconeogene§is (Riﬁaudo et

al. 1982).

Liver

_fhe mass of the_liver changed between hatch andu96-h
after hatch (Table V-1, F = 3.65, P < 0.05), increasing in’
size during the first 24 h after hatch and then decreasing
.after 48 h., Marcstrom (i960;y1966)'n0ted the saﬁe trend-in

starved Capercaillie chicks_and Mallard. ducklings. Kear

;o
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{1965, 1970) noted the coincidental increase in liver size
and decrease in yolk reserve in neonate ducklingé, and
specﬁiated that the‘enlargement of the liver was caused by a
transfer of materials from the folk sac. Rinaudo et al.
(1982) showed that fatty acids and amino acids from the yolk
sac are used to produce hepatic Ylycogen but the increase in
.glycogenvthat they measured is not of sufficient magnitude
to account for the iﬁcrease in liver size.
‘The livers of newly-hatched birds have a high fat
content (Bntenmann et al. 1940, Marcstrom 1966}. The
)proportion of the dry weight of neonate Northe;n Pintail -
livers thét'was lipid was 46% (Table V-1). Marcstrom (1960,
1966) found values of 53% and 58% from Capercaillie and
Mallards, respectively. The lipid index of Northern Pintail
liver is higher than that of the carcass but lower than. that
‘6f the yolk sac (Fig. V-2). The lipid masé of the liver
remained constant thrdhghout the % days after hatch (Table
‘V~2, F = 0.21, NS). However, the lean dry mass of the liver
vchanged with aéé of the duékling (Table v-2, F = 2.75, P <
0.05), grimarily attributable to an increase in the first 12
h aftér-hatch. Because the lean dry:mass of the livér
increased after hatéh,ffhé'relative lipid content decreased
(Fig. v-2). Entenmann et al. (1940) noted a decrease in the
r.prqportion‘of lipid in the liver of néonate chickens at 3
days of‘age. Maqéstrom (1966). found a substantial increase
and then subsequent decrease in the absolute lipid-content

SR

of the liver in starved Mallard ducklings while the
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proportion of lipid in the dry weight remained fairly

constant from hatch to 7.5 days of age.

CONCLUSIONS '

Newly-hatched Nortgern Pintalls have a high fat content
relative to that of other birds. This results from the large
fat reéerves in their carcasses although their yolk sacs
also contain somewhat more 1ipfd than other birds. Other
birds appear to have less body fat and consequently their
yolk sacs comprise a Higher ﬁroportion ofvtheir total 1ipid
supply. Under Starvation conditions, neonate Northern
Pintails survive by cataboljzing their carcass fat. Thg yolk
sac is not an importént source of endogénpus nutrimeﬁt in
the absence of food but is important to the growth of
duckiihgs. Yolf appears ‘to contribute ﬁaterials for the
synthesis of non-fat tissue and may also act to maintain the
body témperathre of the‘newl&—hatcﬁéé bird and to help to

establish homeothermy.
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VI. CONCLUDING DISCUSSION

-

Some Management Implications
The information in this étudy shows that the Northern

Pingail is not as fecund an animal as previously believed
. o .

* * because it has a low clutch size compared to other ducks and
does not appear to be a persisteni renester .. The low
repfoductive output of the Northern Pintail relative to

.othér.ducks, particuiarly the Mébiard, could mage 1t more

Evulnerablé to over-harvest. There are,. however, other
factors‘which may help to sustain Northern Pintail
popUlagions: 1) they are early migrants and thus may incur

- relétiVely low hunting mortglity,;and 2) the hatching
success oft their nests would appear to be relatively high.

, v 2 .
The ‘preservation 'of large tracts of arid grassland for:

grazing likely maintains predation rates-on Northern Pintail

. “nests at a low level compared td the parklands where duck

v

nests are concentrated in the small strips of ‘remaining

. - . . /. - R .
cover ‘that have not been cultivated and through which'

. : . '
predators can efficiently search., Northern Pintails dc not

lack upland nesting cover because mutch of their primary
‘nestﬁhg-habitat’is grazing land and still constitutes. good

. . nesting habitat. Thus, manaéementjéfforts on the Breeding
’ Y o Co C o R g
grounds. to- enhance their populations should concentrate 6n:

Y o« .

théﬁprovisipn-pf,suitable waterbodies.
The'substadﬁia1 numbers of Northern Pintail nests found
L . . o N

‘at distances of 1-3 km from water necessifatq that

ji%ﬁ%&&_ \ -

o A o §W68
o s - S . . o PN . .
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subsequent Sﬁrveys for duck nests in areas where Northern
Pintailérare fairly abundant be conducted to a much greater
distance from water than typically done. Nest placement at
these distances from water show that Northern Pintail
duéklings commonly walk considerable 2istance overland.
Knowing thaf they have this mobility on-land, shallow
impoundments could be created within 1-2 km of more
permanent -brood-rearing ponds and when éhe water in the
ephemeral impoundments decreased, the broods could move to
the permanent waterbod;es.'Such a system may be attractive
‘to ménaéérs of grazing land iq arid areas as the ephemeral

impoundments could enhance cattle forage and may increase

the grazing capacity.

»

‘ecundity of the Northern Pintail

. v

From previous‘spudies, the Northern Pintail seemed to

.
[

" be a’fairly pfblific species, comparable to other dabbling
ducks. Sbwls' (1955)*¢1as$ié studj of fénesfipg in -ducks on
the-ﬁelta Marsh'gaQe the impréssién thaﬁjNégthern Pintails
were very pérsistent renesters. Bellrose (1976) repofted-a
mean clutch size of 7:8‘for N;rthefn Pintails, summari;éd

from various studies. Although not exceptionally small

@ -

cohparéd t3 other dﬁck'speciés; this figure is in fact lower
~than that recorded for any 6ther dabﬁling duck and mahy

diving-duck5jfsee Bqll;osé 1976). My study shows that’bnvthe

e

-

prairies of southern Alberta, Norfhern.?intails lay an even

 smaller clutch on average (X = 6.9) than indicated by
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Bellrose (1976) and do not' renest quickly or persistently.
Thus, the evidence presented herein indicates that Northern
Pantails have a lower fecundity than other dabbling ducks.
The average reproductive output of Northern Pintails may be
even lower than that depicted in this study because many
pirds appear to forgo breeding during prairie droughts
(Smith 1970, Cmlverley and Boag 1977, Dérksen and Eldridge
1980) . Because drou;nts are more CoOmmon and severe on _the
arid prairie grasslands where most Northern Pintails nest
(Vermeer 1972, Belltoee 1979) than in the parkland where
most other species'of nesting dabbljng.ducks~are o

’ h .
concentrated, years of low overall productivity are probably

\Q

more commen in Northern Pinta)l populations. This study was
conducted within the prairie rfegion of southern Alberta
where breeding Northern Pintgils occur in highest densities;>

andl thus is.more representdtive of "typical" Northern.

Pintail productivity than is Sowls' (1955) study from Delta,.

Manitoba.

‘In this dissertation, I have shown that Northern

' Plntalls breeding on the pralrles of southern Alberta- 1)

produce smaller clutches'than-bf ds nesting near'Delta,
—'\ !

,Manltoba, 2) appear to renest less frequently than those at

Delta, and 3) appear to lay smalller eggs than prevrously

reported. I have also shown that the birds nestlng in

(

Albertaihave the potential to .produce largernelutches,and

eggs;‘and to ‘renest more frequeﬁtly and more rapidly when on
, . ; i

" a high quality ad libitum diet in captivity. This evidence
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suggests that food 1s limiting’each of these"parameters on

the breeding grounds in soutkern Alberta. Previously, 1

suggested that duck brood survival is also relatively low on

the grasslands of soutnern Alberta, and that one possible

reason might be low productivity in terms of food and/or

¢ cover (Duncanb1985). One explanation that -could account for
.the overall low productivity of Northern ;jntails nesting on
the grasslands of southern Alberta 1is that food guality
and/or quantity is comparatively'low.

Possible causes of this suggested nutritionai
limitation on’reproductive—output are speculative. The low -
amount of precipitation that falls th:oughout the grassland
reglon and that 1s ultlmately responsible for the -

. ,~predom1nance of grasses, is also reflected 1n.@,
comparatlvely low organlc content in the soils. Reduced soil
nutrlents mlght result in low overall habltat product1v1ty
'1nclud1ng ‘food for ducks Relatlvely poor food resources for
ducks on the pralrles compared to otfer areas mlght also be
1 o caused by greater evaporatlon'on the pralrles, 1ncrea51ng ,'
: %j‘ the concentration of mlnerals at the soil surface and in ”
shallow waters. Thls could have an adverse effect on “the
='§*' quallty or quantlty of food resources. avallable to ducks.
,Because breedlng female ducks feed pr1marLly on aquatlc ,’4
%&-1nvertebrates (eg Krapu T974 Swanson et al 1979, 1985}
.as»do duckllngs {Sugden 1973) the above” hypothe51s pnedlcts
‘,freduced ava11ab111ty, quantlty, and/or quallty of aquatlc’\

f1nvertebrates in: waterbodles 1n,the grasslands of southern

.-
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Alberta compared to thag of Delta, Manitoba.

The relatively low.reproductive output of Northern
Pintails breeding the the pralrie grasslands appears to be .
paradoxical because Northern Pintails breed most densely in
‘this regionl Why would individuals breed in an area where

their reproductive output appears lower (ie. southern

1

Alberta) than in an area where their output seems higher
(1e. Delta Manitoba)? If reproductive output and ultimately

-fitness is greater for: birds nestlng in one area thad‘ ]
/
1

another, then seledtiqn will favor those birds nesting in
‘the "high quallty" habitat All~other things belng,equai, ‘*éd

these areas should come to be favored and inhabited by more.

1

individuals and the breeding population should- be. densest

»

_there. There would be selection for those b1rds chOOSing

. -

this type of“habltat 1t the behav1or has some genetio'basis

" or there could be incre@sed recruitment because of the

© 2

‘greater number of young produced combined with subsequent
-homing to their natal area. ThlS apparent paradox is based

on the seemingly low reproductive output of b1rds nesting on

) X

the prairie grasslands. However there. 1s one‘rmportant

aspect of annual reproductlve success that was not

investigated ~hatohing success’ of nests, Lt appeared'thatg
. f ’ 4 ‘ N " " ° . ‘ .
the success rate on the prairie may be higher than that

recently!reported from 1nten51yely faﬁmed areas (see Oetting
and Dixon - 1975) Intu1t1vely, the probabil1ty of a predator
‘finding a ﬁest on a large tract‘of pralrie would seem to be

,; It is also qu1te conceivable that Striped
' T - . U LS .

relatively
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Skunks (Mephitis mephftfs) dre considerably less numerous Oneg,
the mixed prairie than in the parklands. In‘Manftoba and
North Dakota, many Northern Pintails nest on cultieated land
where-their clutches are-destroyed by agricultural activity.
Thus, nest succdess may be sybstantially higher on the
grasslands than in cultivated areas and average reproductive
output could be greater for individuals in the former

habitat.

It is also possible that seasonal reproductive output -

-is higher at Delta, Manitoba, but that lifetime feproductive

output 1s hlgher for birds nesting in southern Alberta

Higher hen survival or post- fledglng survival of duckl1ngs

" ‘from southern Alberta could result in hlgher f;tness for

" birds nesting there The paradox is dependent upen all other

factors such as migration, w;nterlng'ground condltlons,Aand
ultimately. survival being equal for birds nesting in the two
areas. . ,

Thé apparent paradox'night also'be;attributable_to_au

' localized Site effect' Because the clutch size I'found was

-~

31m1lar to. that reported by KEIth (1961) ~and the reresting
e ,

»

¢
effort -on my area is in agreement w1th the observatIons of

L Smxth (1971) and Stoudt (1971) 1f an- anomalous area effect ’“

A

«t

' ex1stq@ it is more llkely that Delta, Manltoba is a patch of

»

':1s a locallzed h1gh den51ty of Northern P1ntalls on the

i } _ [ LI

ﬁ"high quallty" habltat 'It»mlght also be poss1ble that there .

- o

&

Delta Marsh but there is no ev1dence of. thlS.

©
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Finally, a higher density of individuals in poorer

habitat may not be as paradoxical as it appears. The paradox

is based on the assumption that breeding density is

positively associated with reproductiverutput (J. Addicott,

‘ ) : ‘
pers. comm.). However, the process(d&) that reqgulate density
. _ . . g

may be completely independent of those that affect

~
reproductlve output and there may be no relatlonshlp between

~these two parameters. The seeming paradox also assumes that

"individual§ have: the freedom to choose between Rabitats and

-

that they could choose to nest at Delta, Manitoba if they

. . 4 .
desired. However, young female ducks tend to return to their
rearing area to breed (eg. Sowls 1955) . The paradox requires

thataindiViduals have the freedom and necessary gnformation
. , . >

ltO‘recognize "high quality"” "habitat. Although we do not know

if any of these assumptlons are true, the Northern Pintail

possesses two behav1oral attrlbutes that would appear to

1

» make’1t~1ess likely to be‘found*lnhab1t1ng‘low quallty

breedfng habitat in high numbers: 1) ‘they pioneer new:

habltats readlly (Hochbaum and Bossenmaler 1972), and 2)

‘they are non-territorial and thus do not force conspeczflcs

.1nto poor habltats (Sm1th 1968, Derrlckson 1978 Titman and

X

'" 'Seymour 1981) Consequently it would seem unllkely that

‘

Northern Plntalls woulad not f1nd and use a patch of "hlgh

jquallty"*hab1tat It is also p0551ble that falrly recent

- man= 1nduced changes have altered the env1ronment such that

’
the.Nonthern Rlnta1lg;s no longer " in tune"” w1th 1ts\4

- breeding. environment -as it once was.

. i L . L - . X ] ]
. . N : . . .
. . e ., N .

(
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, Yet another poseihility is that clutch size is
inversely_desity—deéendent such that a concentration of
birds results in a lower clutch size. This phenomenon’has
been reported from~a'few altricial species but does not

appear to?be uidespread and has not been found in precocial

species (von Haartman 1971, Johnsgard 1973).

Female‘Body Reserves versus Food Resources

At the present time, there are various studies - ,,
examining the importance of body reserves_and/or fogd
resources on the reproductive sdccessvof waterfowl. It.

.

"appeafs likely that both these nutrient sourcés contribute

*in many species:?The questions to be asked are what

proport1ons ‘and what constituents come from each of these
sources Currently there is . cons1derable antentlon .being
glven to the 1mp@rtance of w1nter1ng habltat cond1t1ons._
Such studles are often rgtlonallzed on the basfs tha"hody
ondxtlon of spr1ng m1grat1ng ducks may be related to winter
habitét condltlons and ultlmately may affect reproductlve
output. -In Chapters III and IV, I suggested that food ‘
reseuﬁces:haue ajsigniﬁicant‘effect‘od,rEPréauctive output;
Because ducks can, renest in 9 10 days, it appearg‘that the
capac1ty exlsts to acqu1re all nutrlents for %ﬂﬂ product1on°
solely from food reseurces on . the breedlng ground Thus,
body condltlon upon arr1va1 on the breedlng grounds may not -

(-

bé as 1mportant as. t'"ught There 1s a need for more stuq}

of the condltlon of ducks upon sprlng“arrlval on the

» : . ' ¢

-
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breeding grounds and of the contribution of body. reserves
L

and food resources to reproductive success. It would be

interesting to provide supplementary food to a populatioh of
ducks breeding in the wild,‘éspeciallx'NOrthern Pintaills in

southern Alberta, to test the food limitation hypothesis.

+
-

Seasonal Decliné in Clutch Size o
- i B ' b
, The seasonal decline in clutch size of various avian

species should be examined to te‘tfthe hypotheses suggested
o ,
for the proximate and ultigate cqhsatfon as outlined 1n
Chaptér T11. A controlled experiment that manipulétéd
photoperiod and/or .a situation in which‘biras were .-
maintéﬁned iA."prime" body condition but prevented from
laying until late in the breeding season could te§ttthe
proxima%g hypotheses. In termslét inQestigat{ng the»ultimate
cause,.it would be of interest-to examiné“the éxistence and
shape of thé seaSonal decllne in various spetles of birds’
along with the extent and’ t1m1ng of mortallty of adults ang
youngl-if there apgears to,bevan adaptxve( %}t}mate cause as

suggested. hereifi, it.is conceivdble that this determinant is

. C .

Aalso a very important selectdve factor on' the initial clut
51ze. Thls could prov1de great insight into the evolutlon of\
clutch 51ze in general and thus examlnatlon of *hls

'

\gpenomenon could be dpry helpful in comprehend1ng one of the

most fundamental urmits of f1tness._For students of thl;

phenomenon and of'waterfowl-_an 1nterest1ng startlng peoint.,

! SN AN
mlght be the exam1nat10n of the prox1mate causes of the -

) . .

)
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differing configuration of the decline in different species

of ducks (see Chapter III). It is also of interest to note

‘that there 1s often a seasonal decrease 1n egg size for

those species that lay only a single egg or have ‘small

clutches and that thlS decline in reproductlve.effort might
! ‘ , .
also be-rcaused by the same ultimate factor as suggested here

for decreasing clutch size.

. B . '
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