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Coastal feeding ecology of _
- Harlequin Ducks in Prince William
- Sound, Alaska, during summer

1. Abstract

Feeding habitat and time allocated to feeding
changed from early to late summer among Harlequin
Ducks (Histrionicus histrionicus) studlied in Prince Witham
sound, Alaska, during summers 1979 and 1980, In early
summer, harlequins fed predominantly in the intertidal
deltas of small streams, and in the intertidal zones ot
protected bays, where they consumed a variety of marine
invertebrates. Following the arrival of spawning salmon i
July, harlequins moved into the lower portions o suitable
streams and fed on drifting roe. In May and early June,
before incubation began, paired female and male harle-
quins spent, respectively, about 21 and 13% of their diurnal
time (04:00-23:00) feeding (ingesting prev, diving, and
dabbling). Following dissolution of pairs in nmid June, sitigle
females and males spent, respectively, 15 and 129 of their
diurnal time (05:00-22:00) feeding.

2 Résumé

Parmi les Canards arlequins (Flistrionicus nstrionicus)
étudiés dans le détroit de Prince-William (Alaska) durant les
étés de 1979 et de 1980, habitat d'alimentation et le teinps
consacré 2 l'alimentation changeaient entre le début etk fin
de P'été. Ainsi, au début de I'été, les canards se nourrissaient
surtout dans les deltas intertidaux des petity cours d'eau et
dans les zones interticdales des baies protégees ot ils con-
sommaient totute une variété d'invertébrés marins. kn
juillet, apres l'arrivée des saumons en période de fra, les
canards se déplacaient vers les parties inférieures des cours
d'eau appropriés pour se nourtir des oeufs i la dérive.

En mai et au commencement de juin, avant le débutde
lincubation, les femelles et ey miles apparies passiient
respectivement 21 % et 13 % environ de leur temps diurne
(de 4:00 4 23:00) A se nourrir (Cest-a-dire a ingerer leurs
proies, plunger et a barboter). Aprés la dissotution des
couples A la mi-juin, les femelles et les males séparés cob-
sacraient respectivement 15 % et 12 % de leur temps diurne
(de 5:00 & 22:00) & s¢ nourtir.

3. Introduction

T'he feeding ecology of the Harlequin Duck (-
triomicus histrionicus) in North America is poorly known.
Along the coast in winter, harlequins apparently feed on
wide variety of foods, but predominantly on crustaceans
(mostly craz;s and amphipods) and mollusks {especially
chitons and gastropods) obtained in shallow and often

turbulent water near shore (Bent 14925, Cottan 1R,
Kenvon 1961, Palmer 1949, Preble and Mo Atee U205,
Whitfield 1890, During the sumimer, along stieawss locaresd
relatively far infand, breeding harlequins teed on biackh
(Simuliidae) larvae, and on aquatic Trichoptera, Clinanonn-
dae. and Perlidae (Bengtson 1472 Dement'ev and Gladkos
1052 Gudmundsson 197 D). in Loctand during summer,
harlequins along inland streams (eed i shallow (¢ 80 i)
rapids near suitable nesting and loafing sitescor thes i th
Upstiein to feed nedr the outlets of lakes {Bengivon C
1072:13%). Harlequins use both ranning and stinding watcer
in Montana during swnmer. and backwater pondsare
important theve for feeding durtng higli-water periods and
during brood rearing (Ruchel 197700

L spring about Aprib hariegums magrate brom
exposed coasts into fiords and bavs where they cangregate
near viver mouths hetore moving inland (Bengiaees 1960,
Gudmundsson 197 1. However, not all harteguns frasel L
inland: many breed along streams dose to the coast il nihr
vielson and Lincoln 1549, Paliner 1976, Danhal 19525 In
Addition. most non-hreeders renmann on the coast durninyg the
suniner. where they are eventuatly jomed by pet-bhreeding
drakes and tailed-breedmg tewnales (Patimer Tty .

However. little intormation exists concernmg the
feeding activity o harlequiny or the parts alar sites thes
prefer to forage i along the North Amencan coasts during
summner. Fhis stidy was condieted to compare the dhvrna
feeding activits of harlequins to then habutag use m g simall
bav in Prince William Sound, Alaska. duvng the sarimers
of 1979 and 1980, A :econd objecinve was to obtan mtarma.
tion on their food. |

4. Study area

Quwmill Bav. the primars study area, ies i northeast
Prince William Sound about 24 ko southwest ot Valdeys,
Alaskat (Fig. 1), The study area hes within the Coastal
S|}I'lu:t'-l-{t‘lllltu‘k-l"urt'ﬁt vegetalion region (Viere % pd
Little 1972, The area has it moderate cmiste charactes 17}
by cool, rainy summers and winters with heavy snowtall Joe
fields and glaciers are prominent at higher clevations in the -
surrounding mountains. Fhe geography. dimate, glaaal
history, and vegetation of Prince William Sound are dis
cussed by Cooper (19:42). AR

Sawmill Bav Has a water arcaof 2.25 km® k. iiom
about 18 m deep at its mouth, and is enclused by steep
mountins rising 1000--1370m. Tides fuctuate 2-bnim -
the bay. and at low tide a large portion of the bay lies -
exposed. Three short (about 5 km) streamns with discharge



rates of about 1.5-7.0 m*/s enter the bay (Dzinbal 1982).
Only Stellar Creek, a moderately steep, clear, non-glacial
stream, received appreciable use by harlequins, mostly
‘below the confluence of Fault Creek (Fig. 1). Only incubat-
ing and breoding females regularly occurred farther up-
stream, ’ |

About 50 harlequins (including 14—15 pairs) were
present i Sawmill Bay at the peak of the breeding season in
late May each year. In 1979 and 1980, respectively, 11 and 8
of the pairs observed in late May were thought to have
attempted nesting along Stellar Creek (Dzinbal 1982), The
“other 3-7 pairs either nested on streams outside of the
‘Sawmill Bay drainage or failed to nest.

5. Methods

‘Three habitats used by Harlequin Ducks in Sawmill
Bay were distinguished: creek (Stetlar Creek including the
mertidal dela), rocks (offshore rocks, headlands, and simalt
Aslands, including their immediately adjicent waters), and
lee waters (quiet coves or areas in the lee of islands or
peninsulas that were sheltered from-all but the most violent

SLOTMS ). | "
| Occurrence and feeding activity in the three habitats
were assessed (1) tor paired male and temale harleguins
‘during the pre-nesting and laying period (10 May —
21 June), and (2) for single males and females during the
post-laving period (22 June - 15 Auguast). Single males
included both successlul and unsuccesstul breeders; single
females were mostly failed or non-breeders (Dzinhal 19892).
Dita were not gathered for incubating or brooding females,
which were secretive aud difficult to monitor.
Harlequins appear to be davtime feeders only

(Johnsgard 1975:411, Dzinbal 1982), and dinrnal hours of
study extended from 04:00-23:00 (Aliska D'T) during the
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Saw I Bas stiey arca. sortheasr 'ince Willzam Sound, Allaske

T |

KM

TWIN FALLS CREEK

N

i

f

$®.
A P RINCE, FAULT CREEK
SOUND

'!"fﬂ:'

Ve

4

“LaN TWIN FALLS
£ MARSH

N SAWMILL
. 8BAY

STELLAR CREEK

VALDEZ ARM

pre-nesting—laying period, and from 05:00-22:00 during
- the post-laying period.

Forty-three censuses were conducted during the

~ pre-nesting—laying period and 37 during the post-laying

period. Censuses lasted about | h each, and were conducted
from an inflatable boat travelling at 8-20 knvh, 10-20 m
off shore; stops were made on shore at selected vantage
pOINts to ensure maximum v_isual coverage of the study
area. Visibility of harlequins in Sawmill Bay was good, and
censuses were assumed to record virtually all harlequins
present, Observations were conducted from a distance with
10X binoculars to minimize disturbance, and each group
was observed long enough to insure all individuals were
counted. The proportion of time harlequins occurred in
each habitat was estimated from pooled morning, midday,
and evening censuses of the study area, Results were similar
each year and, consequently, data trom both years were
combined. Chi-square goodness-of-{it tests among treat-
ments (habitats) were conducted on census totals.

Diurnal feeding activity was determined in each
habitat by recording, every 60 s, the behaviour of both the
male and the female of randomly selected pairs, or of
randomly selected single individuals, Censuses and observa-
tions of activities were conducted at separate times, Only
those paiis or individuals watched continually for at leas
1O min were included in analyses. Observations were
obtained throughout all daylight hours but were pooled for
analyses, Feeding behaviour, as used here, incuded only the
actual time spent under water when diving, or time actually
engaged iningesting food, dabbling, or tipping-up. Time
spent in locomotion, “peering” (i.e. inserting the bill and
eves vertically into the water), or other behaviour between

feeding acts was not considered feeding behaviour. Coms.

parisons of feeding rates (sex v habitat and season) were
made with chi-square tests of independence using a tabular
X~ vthe corrected for multiple comparisons (cf. New et al.
1974).

Aggregate density of pink salmon (Onchorhynchus
gorbweha), chum salmon (0. keta), and anadromous Dolly
Varden (Salvelinus malna) was indexed once every 7-— [0 -
days from 1 July - 20 August 1980 at five stations in lower

Stellar Creek, below Fault Creek, by counting the number of

stationary individuals present in a I-m wide transect actoss
the creek. |
Drift samples of 2-h duration were continuously

- collected for a 24-h period, at 1-2-week intervals, to mei-

sure the rate of export of loose, driftin g roe and inverte-
brates. Samples were collected {rom 3 june - 13 August
1980 at each of two stations in Stellar Creek (below Fault
(JI‘E{EI(). Each drifi SHI]I[)IEI‘ consisted of u l}ug Ufil('llitti(‘
hetting (40 meshes per cm, 50 cm deep) supported inside ars
il[lellll_fm trame to maintain a square mouth of 25 x
25 cm. Samplers were placed at the foot of shallow rifles
and, except occasionally during storm spates, they sampled
the entire vertical water column, Salmon egys and inver-
tebrates were sorted from preserved samples and dried to
constant weight at 45°C. Major invertebrate tax: collected in
samples included Chloropertidae, Baetidae, Heptageniidae
anl Oligochaeta. However. neither the selectivity of the
harlequins nor that of the drift samplers for specific in-
vertebrates was known. Consequently, invertebrates in the
drift samples were, for quantitative purposes, treated as a
single, gplﬁeg group and were not sorted taxonomically,
op < nie h'drl?qt.nns (two from Sawmill Bay and three

! Sinlar areas in Valdez Arm) were collected for food
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analyses after they had been ohserved feeding for a mini-
mum of 10 min. Upon collection, 70% ethanol was injected
into the esophagus, and the esophagus, proventriculus, and
gizzard were removed and stored in 70% ethanol. Esopha-
geal contents were analysed separately from those of the
proventriculus and gizzard.

6. Resulits

Harlequin Ducks feeding at Stellar Creek remained
almost exclusively in the intertidal zone outside the mouth
of the creek until the first week of July (Fig, 24). They fed
most actively in the morning at all tide stages (Dzinbal 1482),
but feeding was most intense when ebb and low tides
occurred in the morning. a pattern similar to feeding
activity of Common Eiders (Somateria mollissima) in Scothand
(Campbell 1978). Harlequins feeding outside Stellar Creek
most often dabbled or tipped-up at the edge of tidewater.
They usually gleaned algae or probed in and sifted substrate
sediments. Harlequins seemed to be opportunistic teeders.
and were observed ingesting small crabs, snails, and worms
while foraging in the delta of Stellar Creek. Stomachs of five
harlequins contained mostly crabs (Decapoda), Littorina
snails, and, in one case, stiartish (Asteroidea) (Table D).

After the tirst week of July, harlequins began teeding
in the lower 1 km ot Stellar Creek, and essentially ceased
feecting in the intestictal area outside the mouth ot the creck
(Fig. 24). The shift in teeding areas by harlequins ce incided
with 2 marked increase in both the abundunce ot salmon m
the streaun (Fig. 2B) and in the rate of drift of invertebrates
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and salmon eggs (Fig. 2C). Salmon. eggs were abundant in
stream drift samples from late Julv through early August,
primarily because of the disruption of stream gravels and
established salmon beds by late-arriving satmon and by
storm freshets. The same processes probably caused the
increased drift of invertebrates. Biomass of salmon eggs o
late July and August was about one-third to one-half agan |
as great as the biomass of invertebrates, but the ditteyence
was not significant (¢ = 0.58: P>0.10). However. relanvely
few satmon eggs comprised the total egg biomass (x = {37
eggs/sample h from 31 July — 13 August). whereas several
hundred or more individual inveriebrates were caprured
per hour in the same samples. Farlequins. as well as
hundreds of Glaicous-winged Guile (Larus glauancens), were
observed feeding upon these waste eggs s they di ifted
downstream or where they collected i eddies or Jodged
behind debris obstacles. B |

The amount of time harlegnins spent m cach habata
varied. Harleguin pairs during pre-nesting and laving spent
more time around rocks than at Setlar Crevk or o et |
waters (x° = 28,2, 2 df: P<0.005) (Table 20, Single males
during the post-having period spent ioie time around Tocks
than at Stellar Creek (x° = 3820 Fdb P=0.00%, hut single
females divided their time equally between Stellar Creek
and rocks (x7 = 3.8, TdE P>0.05) (Table 2. -

Despite their predotinant occurtence around touks,
harlequins fed most actively at Stedhar Creek, and feast
actively at rocks ( Fable 8). Paired femades ar Stellay Creek
fedd more actively during pre-presting~tavinig ¢ 8300 than
didd single females there during the post-laving period

. . ' i . "
Tuble 1 | .
Fsopliegeaslaned stomach contents of twe F e leaquen P ks cotivetodb e
Saw il By espeamens ioand 2 and threc brean Vabies Sron ovpronens
3 e sarniner P Y laes e proivent ol ot froed SR TR

rppre——— AT, ol e r— vl wA O

. . l \ . . 1 . ) . 3
 Esophagus  Proventriculus and giczard

Specimen aumber - 1 2 3 1 2 R 4 5

e ——— i — ey b - o m mmmer — eghe i o rwer—dw— 81 N F. - & —Em=

Tota] food yolume,
mi. 79 053 01

Echinodermata
\Wwterode.s
f eptaster it YWl

- — . — e myrler rF ey A T wm R LR - o o T PR PYRR TR DR l\.--'-.-- b = - -mm A r r-r —_— - F 1

Ehpten Mpge N

'
| e N — b e o m——— R, ko twem r-.-r----I---—-----—-l---.-I-.'|'r—--—--------'I— e Trrpar = s el e e LY e e = ek e har vwe b= =T ——r—r == - -y . [N P N .

Crustaces
hupn:l.l - | | -
ht‘t.l]‘tlll,l |
By s
(B by e b bun) LR R N
Antnosmiing | |
(Pagurodea - RN B B R T At
L eiedentitied ' '

1 W .iputi.l NI Y

[ E— - [N Y r———— e R TR N N RN TR L N RO I

Mollusca
Nie i bl ol |3
Neqe e caile e 4
L nicde nntied Macona 003 o .
Vstidris cdduinn (N . My
1 ettirrrnor sppr. R TP I LLA R w2 N J TR l.,‘u ol T

o shr— o ~lk-r_r ey ol 1 -
'

Turbellaria? ney | | !

Plant
Lontera mugrin Y|

U indentilied algac { h ’
Total [URY 3 JOHY O T )

¥
t

Ty ey W T PTUE LT L] e

Jars 0 Foer oy YR b by G L b

*Speciten | oollected 21 Juned specmen Feollested 2 July

+Collevied 22 August,

T



Ea p. dialecns = o

FaoTa |
i n W=F e pay ey’ B Skl N r—

Table 2 | -

Total number and peveent of Harlequin Diicks censused in three habitats

during pre-nesting—laving (10 May — 21 Juneh and during post-faving
22 June — 15 August) e Sawmitl Bay, Alaska, 1979- 1980

*
L,

Pre-nesting=
| laying Post-laying
Single Single

Pairs males - females

Habitat N % N % N %
Stellar Creek o BN § Xt 2 205 E93 . 55
- Rocks 149 47.5 90 76.4 103 42.4
lev waleps R 000 0 3 2.6 4 |7
- Total TR 10D 11y 1O ) )0

IW
Table 3 '

- Averige pereent of divrnal e individual Flintequin Ducks spent feeding

whide m each habitat in Sowonll Bav, Aska, dhving pre-nesting- Living
CHO Moy - 21 Juner, and during post-aving (22 June - 15 August),
SURTERIT;

No. of
Period Habitat observations Percent*
Pre-nesting—laving | . -
Patred muiles Stello Creek r B I TN
Rooks W74 7.4"
[ .o wilers L URY 15.0)!
Pavred females Selbar Creek IER! IR
- Rox ks BRI R ¥ 80
v watenrs JEN8S o B
Post-laying - o |
Single tiales Stetlin 77 M,
Rew ke 2571 ]R8
- | } oc walepst -
Single feinales Stellar 200 273
Rocks EY )

Lev waterst -

| mm.

A valaes are sensticantly diflerent from each othey (120D one ¢t

theose with wdersiasl SLIPHIES I'iplm
ssingle Harleguan Ducks oconrred inlee waters onls roely, and teeding
Fites were not detecimmed (or them there, ;

Table 4 | '

Caloulated alsolute God telarive) percentages ol totad divroal tine St
feoding o theee babitas by Fravleguim Ducks in Saovmilt Bas, Adasha,
ditrniig pre-nesting- faving (0 My - 21 Juner and during post-Lay iy
(22 June - 1 Augnsy, 1979-80

Pre-nesting—laying Post-laying
Paired Paired Single Single
Habitat males females males females
Srellar Creek A2 |dbey T Gy 100 (88D 15 {YUR.7)
Riw hs 3. (7.2 M I L4 (11 09 (1.:3)
Locwaters 39 31 AN (275 S .o e
Totais E2D clrin 21 (ot 1LR ooy 153 (1000

“Cadcubated s percent of tme spent teeding in caeh habitat (Fable %)
prereent n!-ifnt'llt renice ob ducks meach habitat (Table 2; e.g. for patted
URC X -1
mates: L85 < 204
[

524 .

exhibited just the opposite pattern (20% vs 51%, respec-
tively) (Table 3).
~ Todetermine the absolute proportion of total

(27%). However, paired and single males at Stellar Creek

~diurnal time that the various segments of the harlequin

population spent feeding (Table 4), the habitat-specific

‘feeding rates (Table 3) were multiplied by the proportion of

harlequins that occurred in each habitat.(Table 2). For all
habitats combined, paired females during pre-nesting—
laying spent more total time teeding (about 21%) than did

9 .

paired males during the same period (}3%) or than single
males and females gid during post-laying (12 and 15%,

ively) (Table 4). |
respectggmjillﬁng thza- relative percent of time harlequins
spent feeding in each habitat (in parentheses on Table 4)
with the percent occurrence of ducks in each habitat
(Table 2) we concluded the following:

1. Relative to the amount of tilme they spent t}lere, |
harlequins allocated a dispropottionately large fraction of
their total feeding time to Stellar Creek. S

2. Conversely, rocke were under-used for teeding in
proportion to the amount of time harlequins spent there,

3. Among paired harlequins, lee waters were used
for feeding in about the same proportion as the amount of

“titme they spent in that habitat.

7.  Discussion

Harlequins in this study depended on Steltar Creek
tor ngarly half to practically all of their teeding activity,
Farly in the summer, harleguins fed primarily on marine
invertebrates in the intertidal delta of the creek. Later in the
summer they moved slightly upstream into the spawning
beds of the arriving salmon, where they fed largelyon
waste, drifting roe. Incubating females flew downstream, at
least occasionally, to forage in the outtlow or lower portions
of the creek (Dzinbal 1982),

This pattern was not unique to Stellar Creek or to
Sawmill Bay. Although harlequins hardly used Twin Falls
Creek in early summer, after salmon arvived they occi-
sionally foraged along the samie few channels used by the
salmon. Also, six medium-gradient, non-glacial salmon
strearus in Valdez Arm had small contingents of hartequins
feeding in their outlows or lower reaches, and male harfe-
quins at a moulting site in Valdez Arm regularly fed at the
outflow of one such stream (Dzinbal 1982). Osgood (1904)
observed that harlequins during summenr at Kanatak anc
Cold Bay on the Alaskan Peninsula “frequently. . . visit the
mouths of small streams or. . . ascend them for considerable
distances.” Also, Bengtson (1972:14) found that harlequins
breeding along short, coastal streams in northwest [celand
tended to fly downstream to feed in the river delts.
| Gudmundsson (1971:89) noted that harlequin nest-
Ing grounds in leeland often coincide with Atantic salmon

{(Salmo satar) spawning grounds, and he suggested that

harlequin ducklings and salmon fry may depend upon
similar foods. Unlike Atlantic salmon, however, the fry of

- pink and chum salmon (prevalent in this study) usually do

hot teed i streams as short as Stellar Creek, but move to the
sea the first night following their emergence (Scott and
Crossman 1973). Because of their larger size, drifting
salmon eggs probably represented a more efticiently ex-

ploited food source for harlequins than did invertebrates.

Thus, the most likely attraction of the salmon spawning
beds for the harlequins in this stucly was the drifting roe
available there. Possibly the low productivity typical of martty
coastal streams may be offset for harlequins hy the seasonal

influx of anadromous fish, and by the relative abundance of
tood in the intertidal stream deltas,

... During spring and summer, Harlequin Ducks s
little ime teeding, but paired females dlll‘i!l pre-nestiggem
and laying fed more often (21%) than other 1arlequins
(12-15%). However, paired female harlequins spent much
less time feeding than paired females of six species of
dabbling ducks (45709, Dwyer 1975, Afton 1979,

Y
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Kaminski and Prince 1981), Subtle difterences in definition
of feeding behaviour may account for some of the reported
differences between hariequins and other ducks in the
proportion of time spent feeding. Nevertheless, harlequins
spent much of their time loafing and preening (~53-74%;
Dzinbal 1982) and devoted a refatively small amount of
time to searching for and acquiring food, Similarly, Pool
(1962:127) only rarely observed harlequins feeding, and
noted their "favourite occupation. . . consisted of just sitting
around doing nothing.”

Eutinger and King (1980) suggested that the large
proportion of time Willow Flrcutchcra (L mpdomax traillin)
devoted to loafing minimized variations in daily energy
expenditure between phases of the breeding cyvcle, and
acted as « buffer against periods of stringency (see Wilson
[1975:142] for a discussion of stringency). Harleguin Ducks
undoubtedly face unpredictable periods of stringency in
their storm-prone environment, and possibly their activity
patterns have evolved to minimize their energy expenditure
rather than to maximize their energy intake. The relitively
small proportion of daily time that harlequins spent leeding
would be one expected resutlt of such a strategy.

8. Acknowledgements

We especially thank Dirk Derksen and Skipp Ladd
for their encouragement and logistical assistance, and Debra
Clapp for her help with the field work. 'Tim Myres, Robert
Eng, D.N. Nettleship, Paul Springer, and two anonyvmous
reviewers provided many helptul suggestions on the manu-
script, for which we are grateful. Funding for this project
was provided by the National Wildlite Federation, National

Rifle Association, the US Fish and Wildlite Service (Ofhee of

Special Studies, and Oftice of Migritory Birds, Anchorage.
Alaska), and the Society of Sigmia Xi. 'This paper is Oregon
Agricultural Experiment Station Fechnical Paper No, 62746,

9,  Literature cited

Afton, A.D. 1979. Time budget of breeding Northern Shovelers. YWilson
Bull. 91:42-44.

Bengtson, 8.-A. 1966, Ficld studics on the Harlequin Duekin feeland.
Wildiow! Trust Annu, Rep. 17:789-9:t.

Bengtson, 8.-A. 1972, Breeding ecology of the THarlequin ek oo
histrionecus (1..) in Fecland, Ornis Scandd. 301 - 149,

Bent, A.C. 1928, Lite histories of North American widd towl (Pan Ih. U.N
Natl, Mus. Bull. 130, 376 pp.

Campbell, L.H. 1978, Diurnal and tidat behaviour patterns of ciders
wintering at Leith, Wildfow] 29:147-152.

Cottam, C. 1939. Food habits of North American diving ducks. U8 Dep
Agric. Tech. Bull, No. 643. 139 pp.

Cooter. W.S, 1942, Vegetation of the Prince William Sound region,
Alaskir; with a briet excursion into post-Pleistocence climatic history. ool

Monogr. 12:1-.22,

Dement’ev, G.P.; Gladkov, N.A. eds, 1952, Bivds of the Soviet Union.
Vol. 1V. Transt. 1907 fsr. Program Sci. Transt, U.S. Dep. Inter.and Nai,

Sci, Found, Washington, D.C. 683 pp.

Dwyer, T.J. 1978. Time budget of breeding Gadwalls. Wilson Bull.
87:335- 343,

Dainbal, K.A. 1882, Ecology of Harlequin Ducks in Pritnce William Sound.
Alaska during summer, M.S. Thesis, Oregon State Uniy, Corvallis. 89 pp.

Ettinger, A.O.; King, J.R. 1980. Time and energy budgets of the Willow
f’.‘“’i“ﬂlt‘l‘ (& mpndonax trailln) during the breeding seison: Auk 97,583
Lk [ | - |

Gabrielson, I.N.; Lincoln, F.C. 1959, Birds of Aluska The Stackpolde Cor
Harrishurg, Penn. Wildl. Manage. inst. Washington, .C. 683 pp.

Gudmundsson, F. 1971. Straumendur L astrtonicus hestraonaeus) i Isbispudi.
Nattorutraedingurinn 41128, 64--UR, (Engl summ. ). o

Johnagard, P.A, 1975, Watertow! of Nul'th-.*\lllt'll'_lt.*il.Illllliiillil Lo Prews,

Bloomington. 575 pp.

Kaminski, R.M.: Prince, H.H. 198], [)abbliny i k euliﬁi\ d.lll'i loraging.

responses to agquatic inveértebrates, Auk UR: 115126,

| Kenyon, K.W. 1961, Birds of Anuhitka feland. Abada. Auk 7R:30% W21

Kuchel, C.R. 1977, Some aspects of the behaviour and ecobiggs of
Harlequin Ducks breeding in Glager Notional Park. Montana M8
Fhesis. Unis . of Montana, Missoata. 157 pp. |

Neu, C.W.: Byers, R.: Peek, |. 1974, A sechigue for anabvas of
utiization—avanlabibity data. §. Wildl Manage 38547 b

Osgood, W.H. 1904. A biologic s Il'tn.nn.m;imq_l of the bane of the Vaska

Pempsubic U8 Dep. Agrwe Biol Sury Nonth ane Fauna 2234 80 pp

Palmer, R.S. 1949, Maune hitdds. Harvard Mus. Comgs Zeadd Budl - 2
(36 pp. | | .

Palmer, R.S., ed. 1976, Handbook ot North -‘\;ﬁl‘.‘! wary bizds Vel 4
Waterfowl {conrturded) Yale Univ. Press New Hinen, Connecicat
B pp. : | | |

Pool, W. 1962, Feoing hudaes of the Ha Ir.'ﬂlllrl ENTR SRR T I NI
N, Rep PUL1SS 1IN

Preble. F.A. MeAtee, W.L, 1923, A baotogicad sarven o the Pidubig
[Matids, Alaska Part 1 Bande and sramauds U5 rep Sgne Bacd San

Naotth Ame Fauna o 125 pp

Sﬂﬂl. “';Bd {:fﬂ!!mil‘l. FJ 197“. Fresdhimoater ?;--fh veef € J‘.l.hiu- | thh R: “
Bl Can all, “wir Mt 1 -

‘rit‘rﬂui l.ui'\-: l.i"j{'.]fu I‘:u‘\i ]9??- \.Li‘l-L TSRS 1”"’! t']l ‘l!"l. 1 H I}l-i,
Agnic Forestsery Agne Thandb 110 Db pp - 00

Wintlield, R.P. 18894, | he huﬂ_* OF wild i ks, \uk 1 _-‘;‘_h'ji

Wilson, E.O. 1975, Sovnbiobon Belhpap Combinbee, Massachusenss,
WY pp ' - |

10



