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Nutrient acquisition by female Harlequin Ducks
prior to spring migration and reproduction:
evidence for body mass optimization

Jeanine C. Bond and Daniel Esler

Abstract: We analysed variation in body mass of adult female Harlequin Dudlgr{onicus histrionicus (L., 1758)) on

coastal wintering sites in southern British Columbia, Canada, to investigate nutrient acquisition prior to migration and re-
production. On average, female mass increased by 7% from late winter to premigration; however, the chronology of mass
gain varied depending on prey type. Females feeding on superabundant roe from spawning PacificClapgagéllasii
Valenciennes, 1847) became considerably heavier than they had been before the herring spawning period (March) and ap-
peared to be heavier than females eating marine invertebrates such as crabs, limpets, and snails during the herring spawn-
ing period. By mid-April, prior to migration, females at all sites had similar body masses, with birds at sites without

spawn gaining mass and those at sites with spawn maintaining their earlier mass gain. Stable isotope analyses confirmed
that birds at these different sites consumed very different diets. These results suggest that female Harlequin Ducks target
an optimal premigratory body mass, regardless of whether they have access to a superabundant food source; this body
mass is presumably shaped by the costs and benefits of nutrient storage for migration and reproduction.

Résumé : Nous avons analysia variation de la masse corporelle chez des canards arledliistsi¢nicus histrionicus (L.,

1758)) sur leurs sites d’hiver tiers dans le sud de la Colombie-Britannique pour suivre leur acquisition de nutriments

avant la migration et la reproduction. En moyenne, la masse des femelles ¥'decio?% de la fin de I'hiver da prami-

gration; cependant, la chronologie du gain de masse varie en fonction du type de proies. Les femelles qui se nourrissent
de la profusion d’'ceufs produits par la fraye des harengs du Paciftgjupeg pallasii Valenciennes, 1847) deviennent
consideablement plus lourdes gu’elles néthéent avant la fraye et elles sembléiteeplus lourdes que les femelles qui

se nourrissent d’inverbees marins, tels que crabes, patelles et gapedes, durant la‘piede fraye des harengs (maré). A

la mi-avril, avant la migration, les femelles de tous les sites ont des masses corporelles semblables; alors que les oiseaux

aux sites sans fraye de harengs augmentent leur masse, les autres aux sites avec fraye maintiennent leur gain de masse ar

térieur. Des analyses d'isotopes stables confirment que les oiseees diffeents sites ont des ganes alimentaires tse
différents. Ces rultats laissent croire que les canards arlequins femelles visent une masse corporefjeatwiee opti-

male, indpendamment de leur acc@aune source de nourriture surabondante; cette masse corporelle s’explique sans doute
par les c6ts et badices de 'emmagasinage de nutriments pour la migration et la reproduction.

[Traduit par la Rdaction]

Introduction and breeding areas and successfully reproduce (Raveling and
o . . Heitmeyer 1989). Seasonal variation in nutrient acquisition
There is increasing recognition that cross-seasonal effecig,g allocation is commonly observed in birds as a result of
should be considered when investigating life-history stratjffering energetic demands throughout the year. The relative
egies and trade-offs (Tamisier et al. 1995; Gates et al. 200};se of stored nutrients (i.e., endogenous reserves) or dietary
Boos et al. 2002; Webster et al. 2002), including those reggyrces (i.e., exogenous nutrients) varies interspecifically
lated to nutrient acquisition and allocation. Individuals caryquring demanding stages such as migration and reproduc-
over effects on condition from one season to the next, angon. The degree to which birds store energy and nutrients
these residual effe_:cts can influence demographlc attrlbuteﬁresumauy reflects an adaptive strategy in which individu-
such as reproductive success and annual survival (Webstgls maximize their fitness in relation to different selective
et al. 200_2). Thls_ may be especially true for migratory b'r‘_jspressures (Blem 1976; Moreno 1989; Stearns 1992).
that require considerable energy to move between wintering Throughout the annual cycle, birds are thought to main-
tain optimal levels of endogenous reserves, not necessarily
%haximum levels, and this is considered a trade-off based on
the costs and benefits of building and storing reserves (Lima
1986; Witter and Cuthill 1993). Benefits of storing nutrients
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Jonsson 1997). Decisions on how to balance these cos{®Robertson and Goudie 1999; Smith et al. 2001), strategies
and benefits are further influenced by the environment inof nutrient acquisition for migration and reproduction can
which the species resides, where predictability and accessirave important implications for understanding factors limit-
bility of exogenous food sources may reduce the need foing productivity and, subsequently, can have important
endogenous stores”fdsson 1997). population and habitat management ramifications.

In waterfowl, strategies of nutrient acquisition for meeting
costs of migration and reproduction differ spatially and tem-pethods
porally among species. For example, McLandress and Rav-
eling (1981) found that Giant Canada GeesBrafta  Study locationsand capture techniques
canadensis maxima L., 1758) undergo considerable fattening To evaluate body mass variation in relation to timing and
before they leave wintering sites, while Gauthier et al.occurrence of herring spawning events, Harlequin Ducks
(1992) determined that Greater Snow GeeSlee( caerules-  were captured on marine wintering areas in the Strait of
cens atlantica L., 1758) store nutrients while on spring stag- Georgia, British Columbia, at sites with and without spawn
ing areas. Other species such as Wood Dudkz ¢ponsa  during three periods in 2004: prespawning (27 February to 5
(L., 1758); Drobney 1982), Ruddy Duck®xfyura jamaicen-  March), midspawning (19-27 March), and postspawning (2—
sis (J.F. Gmelin, 1789); Tome 1984), and Greater Scaugdl April). The postspawning period preceded the departure
(Aythya marila (L., 1761); Gorman 2005) appear to store of nearly all Harlequin Ducks from wintering areas, which
nutrients after arrival on nesting areas. peaks in late April. Capture locations were determined based

The extent to which Harlequin Ducksistrionicus histri- ~ On historical records of herring spawn occurrence (Fisheries
onicus (L., 1758)) build and use endogenous stores for mi-and Oceans Canada 2004), and spawning events began in
gration and reproduction is unknown. If Harlequin Ducks this region around 8 March 2004 and continued for several
store endogenous reserves for migration and subsequent i¥e€ks. Herring spawning events occur mainly in intertidal
vestment in reproduction, it is important to determine wherdocations and are conspicuous events where the water be-
and when they build these nutrient stores to understand thefomes milky white from milt. Locations of spawning events
nutrient acquisition strategy and potential constraints to nu@ré not necessarily consistent between years but we at-
trient acquisition. Harlequin Ducks winter in marine envi- tempted to set up our sites where spawning events were
ronments and generally consume intertidal invertebrate§10st likely and least likely to occur and where Harlequin
such as snails, crabs, amphipods, and limpets. In spring?ucks occur in significant numbers, as indicated by Rodway
these ducks migrate to freshwater streams for nesting, whef! al. (2003). Capture sites with spawn included locations
they consume freshwater invertebrates (Robertson and Goground Hornby Island (481N, 12442W), Denman lIsland
die 1999). Pacific herring Qlupea pallasii Valenciennes, (49°32N, 12449W), and Qualicum Bay (424N,
1847) spawn is a key feature of the wintering habitat of Har-124'38W), while capture sites without spawn included loca-
lequin Ducks on the Pacific coast that could influence nutions around southeast Quadra Island®{&N, 12915W)
trient stores. For 3—4 weeks in late winter — early spring2@nd Williams Beach (4%2N, 12507W).
herring roe is superabundant and some Harlequin Ducks are We used a floating mist-net capture method modified for
known to aggregate at herring spawning sites (Vermeer gnshore use (Kaiser et al. 1995). Harlequin Ducks are sus-
al. 1997; Rodway et al. 2003). Rodway and Cooke (2002feptible to capture by this method because they tend to fly
determined that herring eggs are the principal prey for thesiow over intertidal areas. Captured birds were immediately
aggregated ducks throughout the spawning period. The ecéemoved from the net and then banded and weighed on an
logical implications of this food source have received little electronic balance (1 g). We measured morphometric fea-
investigation, although there has been speculation about pédres including exposed culmen length and diagonal tarsal
tential benefits to survival and (or) reproductive perform-length to the nearest 0.01 mm, as well as wing chord (flat-
ance (Rodway et al. 2003;ydelis and Esler 2005). tened and straightened) to the nearest millimetre. Age

To investigate the timing of nutrient storage in Harlequinclasses of females were determined by the depth of the
Ducks, as well as the mediating effects of forage type, wdursa of Fabricius (Mather and Esler 1999), and all females
measured body mass of captured adult female Harlequiiicluded in further analyses were after third year (i.e.,
Ducks in winter prior to spring migration. Although mass- adults). The Simon Fraser University Animal Care Commit-
based measurements do not allow differentiation of body€e sanctioned the methods used in this study (animal care
stores into various components, they do show changes ipermit No. 668B-033).
overall nutrient storage over time. Generally, lipids are con-
sidered the most efficient source of fuel for migration Sampling methods and laboratory techniques
(Witter and Cuthill 1993; Jenni and Jenni-Eiermann 1998) Some Harlequin Ducks move from their wintering site to
and the most common nutrients stored for clutch formatiorherring spawning sites and then return to their original win-
(Ankney and Alisauskas 1991). We also used stable isotopkering site; because of this, we selected non-spawning sites
analyses to document diets of individuals to appropriatelyat which few birds exhibited this movement (Rodway et al.
interpret the body mass data. Our specific objectives wer2003). However, to confirm that birds captured in non-
to determine i) whether females store nutrients on the win- spawning sites had not consumed herring roe, we used stable
tering grounds prior to migration andi)(the relative differ- isotope analysis to evaluate recent prey composition. The
ence in amount or chronology of nutrient storage betweelsotope signatures of consumer tissues are related to the
females on herring spawning sites and those on non-spawnirgpnsumer’s diet (DeNiro and Epstein 1978), and therefore
sites. For a species of concern like the Harlequin Duckhe stable isotope technique is ideal for identifying individ-
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uals that consume different food types. The heavy isotopé&tatistical methods
of nitrogen {°N) is preferentially incorporated into tissues We used general linear models to evaluate variation in body
of the consumer from the diet, which results in a systemmass of adult female Harlequin Ducks on marine areas in re-
atic enrichment in the nitrogen stable isotope ratio with in-lation to site status (spawning versus non-spawning), period
creases in trophic level (Kelly 2000). For this study, we (prespawning, midspawning, and postspawning), and body
expected herring roe to have a more enriched nitrogen staize. A principal component analysis was conducted to create
ble isotope ratio than marine intertidal invertebrates eatemn index of body size for each individual based on tarsus,
by wintering Harlequin Ducks, and we predicted that thiswing chord, and culmen measurements. This index, the PC
difference would be reflected in the tissues of Harlequinscore, showed positive relationships with all morphometric
Ducks consuming the different prey. We analysed femalesariables and had an eigenvalue of 1.27, explaining 42.5% of
plasma rather than cellular blood because plasma indicateRe total original variance. R@vas included in a subset of can-
diet information over the short term, i.e., within a few didate models (described below) to consider effects of body
days, whereas cellular blood may take up to a month t®ize on body mass and, if necessary, account for size-related
isotopically reflect a dietary change (Hobson and Clarkvariation when evaluating effects of sites and periods.
1992a, 1993; Bearhop et al. 2002). We employed an information-theoretic approach to model
A 1.5 mL blood sample was taken from the jugular veinsselection (Burnham and Anderson 2002), applying a set of
of captured females using a heparinized 5.0 mL syringe witlbiologically plausible combinations of explanatory variables
a 21-gauge needle. For a small number of females, a 1.0 mas candidate models (Table 1). The models represent differ-
syringe with a 24-gauge needle was used to take 0.5 mL ofnt ways of grouping site status and period combinations,
blood from the tarsal vein instead. Collected blood waswhich is somewhat analogous to a two-way ANOVA with
transferred to a heparinized vial and stored on ice until thepairwise post-tests in a hypothesis-testing statistical para-
plasma was separated from cellular blood components usindigm. We used the same model sets with and without PC
a centrifuge (within 12 h). These samples were transferretb allow consideration of body size effects. Because our
to separate vials and stored frozen. Also, following informa-data set consisted of 80 females, Akaike’s information crite-
tion provided by Rodway and Cooke (2002), we collectedrion for small sample sizes (Al was calculated for each
intertidal crabs Kemigrapsus spp.), snails l(ittorina spp.), model (Table 1), which indicates the fit of the model given
limpets (Collisella spp. andNotoacmea spp.), and amphi- the data and the set of models considered. We also calcu-
pods as food items making up the majority of the winterlated the difference in AICbetween each model and the
diet of Harlequin Ducks, as well as herring roe for compar-best-fitting model QAIC;) as well as the AIE weight
ison. (AIC W) for each model, which conveys the relative support

Samples for stable isotope analyses were prepared at Simépf the model in the candidate model set.
Fraser University and then sent to the Department of Soil
Sciences at the University of Saskatchewan for isotope raResults
tio determination. The samples analysed in this study in- )
cluded plasma and marine diet items. We analysed seversfaPle isotope results _
plasma samples from each site during the different periods The mean (+SE) nitrogen stable isotope ratiosglue) for
for a total of 48 samples. Plasma samples were dried in alPid-free herring roe was 14% + 0.04%. and that for lipid-
oven at 60°C and ground to a fine powder with a mortar free marine invertebrates was S8+ 0.04%.. We estimated
and pestle. The marine diet samples were rinsed with distille§XPected plasma values based solely on herring roe diet and
water, removed from shells (for limpets and snails), driedmixed marine invertebrate diet by taking an average value
and then powdered in the same fashion. Lipids were removef®’ €ach diet and accounting for changes in isotope signature
from the diet samples using a 2:1 chloroform:methanol soluPetween prey and duck body tissues (i.e., discrimination or
tion (Bligh and Dyer 1959) and retrieved by evaporatingfraCt'O”ff‘t'on factors). The dls_crlmlnatlon factor betV\_/een
off the solvent in a fume hood. The lipid-free, powderedHarlequin Duck plasma and diet has not been experimen-
invertebrate samples were treated with a few drops of 0.1 Nglly determined, so we applied a value of +B.3deter-
HCI, without rinsing, to remove carbonates. mined for_l_ca”l'vlfr(il% Sple_":'ﬁs (Perzgg?ekFla;;cgalc(o

The nitrogen stable isotope signatures of samples wer eregrinus tunstall, 17/.2), Hobson an ar un-
determined by loading 1 mg of each sample into a tin cu in (Calidris alpina pacifica L., 1758), Evans-Ogden et al.

and combusting it at 1200C in a Robo-Prep elemental ana_p2004). There was not perfect correspon_dence between the
easured plasma values and the predicted plasma values

lyzer. Isotope ratios were then measured in a Europa 20:?%9. 1). This may have been a result of the discrimination

mass spectrometer using continuous-flow isotope ratio ma . .
. . . ctor we used or because we did not sample every possible
spectrometry. Analytical error for nitrogen isotope measure- P y P

. A invertebrate prey type, nor did we know the proportions of
;naenr1]|tosl‘eW:rZ 2‘:‘(2)'::;}:2 dt(i)n bdeeI%(B(nA(;ItlaEsoogop: r\;?gje; ?ﬁé different invertebrate prey in the diet. In addition, birds
heavier to the lighter isotope relative to a standard in partfeedlng primarily on herring spawn also may have con-

h S X Rumed some marine invertebrates.
per thousand. This ratio is calculated as follows: ) - . .
Despite these uncertainties, clear patterns are evident in

"N = (Ruample/Rstandard — 1) X 1000 the data (Fig. 1). Plasma stable isotope ratios were similar

for females at spawning and non-spawning sites prior to the

where R is the corresponding ratiéN/1“N. The standard occurrence of herring spawning. Once spawning com-
for nitrogen is atmospheric nitrogen. menced, stable isotope signatures changed at spawning sites,
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Table 1. Candidate models describing variation in female Harlequin Détiktiionicus histrionicus) body mass in
relation to period, site status, and a principal component score.

Model rank Candidate model structure K AIC. AAIC, AlICW
Model 1 preN = preS = midN, midS = postN = postS +,PC 4 551.6 0.00 0.628
Model 2 preN = preS = midN, midS, postN = postS +;PC 5 553.5 1.81 0.253
Model 3 preN = preS = midN = postN, midS = postS +,PC 4 556.9 5.25 0.046
Model 4 preN = preS, midN = midS = postN = postS +,PC 4 556.9 5.27 0.045
Model 5 preN = preS, midS = midN, postS = postN +:PC 5 559.2 7.52 0.015
Model 6 preN, preS, midN, midS, postN, postS +PC 8 559.5 7.84 0.012
Model 7 preN = preS = midN = postN = postS, midS +,PC 4 564.8 13.16 0.001
Model 8 preN = midN = postN, preS = midS = postS +,PC 4 567.4 15.75 0.000
Model 9 preN = preS = midN, midS = postN = postS 3 568.4 16.79 0.000
Model 10 PG 3 568.7 17.09 0.000
Model 11 preN = preS = midN, midS, postN = postS 4 570.3 18.64 0.000
Model 12 preN = preS, midN = midS = postN = postS 3 572.3 20.67 0.000
Model 13 preN = preS, midS = midN, postS = postN 4 574.5 22.88 0.000
Model 14 preN, preS, midN, midS, postN, postS 7 577.1 25.48 0.000
Model 15 preN = preS = midN = postN, midS = postS 3 577.8 26.11 0.000
Model 16 preN = preS = midN = postN = postS, midS 3 584.8 33.13 0.000
Model 17 preN = preS = midN = midS = postN = postS 2 589.5 37.82 0.000
Model 18 preN = midN = postN, preS = midS = postS 3 590.1 38.41 0.000

Note: The periods are those before herring spawning (pre), during herring spawning (mid), and after herring spawning (post). Site
status refers to herring spawning sites (S) and non-spawning sites (N), and the principal compopentdéR€s body sizeK is the
number of parameters estimated in the model, A#CAkaike's information criterion corrected for small sample siz88\IC is the
difference in AIG between the model being considered and the best-fitting model, andVAKCthe AIC, weight or model likeli-
hood.

Fig. 1. Plasma nitrogen stable isotope ratios of female Harlequin spawning period were decreasing, which presumably was a
Ducks Histrionicus histrionicus) captured on Pacific herring reflection of birds switching back to consuming marine in-
spawning sites and non-spawning sites during the three periods vertebrates as herring roe became less available.
corresponding to before, during, and after spawning. The dotted
line illustrates the expected plasma values based on consumption Bbdy mass analysis
herring roe and the dashed line illustrates the expected plasma va- We captured and measured 80 adult female Harlequin
lues based on consumption of equal portions of several marine in-Ducks on wintering sites and found that period, site status,
vertebrates (snails, crabs, amphipods, and limpets). Discriminationrand body size had important effects on body mass. From
factors were applied to obtain expected plasma values (see text). our candidate set of models evaluating mass variation, the
model best supported by the data (model 1, Table 1) was
that which indicated that body mass differed between the
following two groups: (1) birds at both spawning and non-
11 03 spawning sites during the prespawning period and those at
non-spawning sites during the midspawning period and (2)
°® birds at spawning sites during the midspawning period and
16 1 o those at both spawning and non-spawning sites during the
postspawning period. An examination of the data (Fig. 2)
supports this model structure. This model, which included
the body size parameter, was strongly supported, with an
AIC W of 0.628 and arR2 value of 0.41. The second best
o supported model (model 2) had a similar model structure,
e G with the only difference being that data from the midspawn-
ing period at spawning sites were treated as a separate
12 T _ 7 _ group; this model received less than half the support
Prespawning Midspawning Postspawning (AIC W = 0.253) of model 1. None of the remaining models
received substantial support, including global models in
consistent with a switch to a more isotopically enriched dietwhich all periods and sites were treated as separate groups
while isotope signatures at non-spawning sites did no{models 6 and 14, with and without PQrespectively) and
change. Most importantly, there was no isotopic evidencewull models in which all data were treated as one group
that birds captured at non-spawning areas consumed spavwmodels 10 and 17, with and without BCrespectively).
during any period; therefore, we are confident that our bodyThese results strongly support the conclusions that body
mass data during this time period accurately represent birdsize explained important variation in the data and that body
consuming marine invertebrates. The isotope signatures fanass of females differed between prespawning and post-
some females captured at spawning sites during the posspawning periods, but not between sites during those peri-
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Fig. 2. Mass (mean * SE) of adult female Harlequin Ducks on Nutrient acquisition and storage prior to migration and re-

wintering sites with and without spawning Pacific herring during  production can have significant fitness benefits. Storing en-

prespawning, midspawning, and postspawning periods in the Straiergy for migration is important for sustained flights and

of Georgia, British Columbia. Sample sizes for each group are in- reduces the need for stopovers, which increases the speed of

dicated in parentheses. migration, and can buffer against food shortage in low-quality
620 stopover sites (Biebach 1996). For reproduction, a growing

o Spawning sites @4 (16) body of evidence indicates that female waterfowl must at-

O Non-spawning sites E ?{) tain some minimum level of nutrient reserves to initiate

6001 egg production (Drent and Daan 1980; Alisauskas and An-

kney 1994; Esler et al. 2001; Gorman 2005). Hence, ar-
& rival on breeding areas with higher levels of energy and
5801 © nutrients can allow females to attain this breeding thresh-
(10 old faster and therefore nest earlier (Schultz 1991; Alisaus-
kas and Ankney 1992). Numerous studies demonstrate that
5607 { earlier nesting results in higher reproductive success
through larger clutch sizes, increased opportunities for renest-
ing, and (or) more favourable environmental conditions for
broods (Perrins 1966; Rowe et al. 1994; Lepage et al. 2000).
( { These benefits of nutrient storage are countered by costs.
0 T T ! Predation risk may be higher for heavier birds because of re-
Prespawning Midspawning Postspawning duced maneuverability and ability to escape predators (Lima
_ i 1986; Rogers 1987). As well, heavier birds incur higher
ods. There was more uncertainty surrounding mass dynanight costs through increased wing loading, which is impor-
ics during the midspawning period, although the highgnt for migrating birds (Kullberg et al. 2005). This may be
AICW for models 1 and 2 combined (summed A¥C = ggpecially important for ducks, which have relatively high
0.881) supports the conclusion that masses differed betwegfing oading. Also, for diving birds such as the Harlequin
sites during midspawning. Also, models in which midspawn-pyck, higher fat levels associated with increased mass could
ing data from both sites were combined, either lumped withncrease buoyancy and therefore increase costs of foraging
postspawning data (model 4) or alone (model 5), were nopwitter and Cuthill 1993). In light of these potential costs,
well supported (AIQW of 0.045 and 0.015, respectively).  Harlequin Ducks likely face a trade-off against the potential

To summarize, our analysis provided support for the conbenefits of nutrient storage.
clusions that body mass (after accounting for body size) of Our findings indicate that access to Pacific herring spawn
adult female Harlequin Ducks was similar between spawnmay influence the chronology of nutrient storage but that it
ing and non-spawning sites prior to spawning, that femalegioes not affect the absolute amount of nutrients acquired on
on spawning sites increased mass substantially during thgintering sites. Herring roe provides a superabundant food
midspawning period while those on non-spawning sitessource on which Harlequin Ducks are known to aggregate
seemed to maintain their earlier mass, and that masses wesad feed (Rodway and Cooke 2002; Rodway et al. 2003),
similar between sites during the postspawning period owingand fish eggs are a high-energy, lipid-rich diet item (Paul
to increases in mass of birds from non-spawning sites andnd Paul 1999). However, because female Harlequin Ducks
maintenance of previously gained mass by birds fromachieve the same premigratory body mass when feeding on
spawning sites. The change in average body mass (+SE) btertidal invertebrates, we speculate that there may be bene-
tween prespawning and postspawning periods, for both sitefits to aggregating on spawning sites beyond nutrient acquis-
was 40 + 10 g, an increase of 7% * 1.8% (Fig. 2). Althoughition. These may include important social interactions, as
sample size of females captured during midspawning omuggested by Rodway et al. (2003), or an increase in the
non-spawning sites was low, the data support the conclusiotime spent in non-foraging behaviours owing to reductions
that the chronology of mass gain may depend on the prejn feeding time (Rodway and Cooke 2001ydglis and Esler
consumed (i.e., herring roe or marine invertebrates), an@005). Also, Rodway and Cooke (2001) suggested that Har-
this finding warrants further investigation. lequin Ducks foraging on herring spawning sites would face
less predation risk because they tend to move to safer off-
shore roosting sites earlier than birds foraging on inverte-
brates.

Like many waterfowl!, adult female Harlequin Ducks store Many other seabirds are known to aggregate and feed at
endogenous nutrients on wintering areas prior to spring miherring spawning sites (Haegele 1993; Vermeer et al. 1997;
gration. Our data indicate that despite dramatic differenceSullivan et al. 2002), and it is unknown how their mass dy-
in forage type and availability between herring spawningnamics are influenced by herring spawn. Some species that
sites and non-spawning sites, females from both areadeplete winter foods, such as scoteMelanitta spp.; La-
achieved a similar body mass prior to departure from winter<roix 2001), may rely more heavily on herring spawn for
ing areas. This result suggests that females target an optimaltrient acquisition and hence may require spawn as a
premigratory body mass that balances the costs and benefigsurce of nutrients for spring hyperphagia. Also, high Arctic
of nutrient storage, irrespective of exogenous nutrient availnesting species such as the Steller's Eidalysticta stelleri
ability. (Pallas, 1769)) that aggregate on herring spawn prior to mi-

Mass (g)

5401

Discussion
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gration (Z/delis and Esler 2005) may depend on this foodDeNiro, M.J., and Epstein, S. 1978. Influence of diet on the distri-
source for breeding on potentially food-limited sites. The bution of carbon isotopes in animals. Geochim. Cosmochim.
proportion of a population that aggregates on herring spawn- Acta, 42: 495-506. doi:10.1016/0016-7037(78)90199-0.

ing sites may be indicative of the population’s dependencé@rent, R.H., and Daan, S. 1980. The prudent parent: energetic ad-
on spawn for meeting energetic costs (Vermeer et al. 1997), justment in avian breeding. Arde@g: 225-252.

as illustrated by the fact that not all Harlequin Ducks in theDrobney, R.D. 1982. Body weight and compostition changes and
Strait of Georgia aggregated during spawning events. Eluci- 2daptations for breeding in Wood Ducks. Condi#, 300-305.
dating strategies for meeting the demands of migration an&S'er. D., Grand, J.B., and Afton, A.D. 2001. Intraspecific varia-
reproduction, including the role of herring spawn, is critical tion in nutrient reserve use durlng_clutch formation by Lesser
for informed management and conservation of bird species. S¢aup. Condor,103: 810-820. doi:10.1650/0010-5422(2001)
As well, these strategies highlight the importance of consid- 103[0810:IVINRU]2.0.CO2.
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