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Beaufort Sea lagoon, Alaska

1. Abstract

T'he feeding ecology of Oldsquaws (Clangula hye:iichis
..) was investigated during July~September of 107778 In
Simpson Lagoon on the Beaufort deit coast of Alaska. Fow
species of prey were available, Volumetric analyses of the
stomachs of actively feeding birds collected systematically
throughout both summers indicated that the diet consistec
20% of two mysids (Mysis relicta and M. litoralis) and 15% ot
one amphipod (Onisimus glacialis)."The remainder of the
diet was mainly bivalves, Oldsquiws fed primarily m the
portions of the lagoon that ranged from 2 to 3 mvin depth,
where prey densities were highest. Oldsquaws fed selectively
on larger mysids and amphipods, and preved most ettec-
tively (more food found in their stomiachs) i areas where
prey was most dense and biomass wis greatest. |

2, Résumé

De juillet A septembre 1977 et 1978, nous avons
éudié Pécologie alimentaire des Canards kakawis (Clanguda
hyemalis L.) dans le lagon de Simpson, sur li cdte de la mer

|
,

de Beaufort, en Alaska. Nous avons trouve peu d'espeees de
proies, En effet, d'apres Fanalyse volumétrigue des estomacs
des oiseaux qui se nourrissaient sttivement ct qui ont ¢1e
recueillis systématiquement durant les deux étes. le régime
de ces canards se composait essentiellement de 70 % de
deux mysis (Mysis reficta et M. litoralisy et de 15 % d'un
amphipode (Onisimus glacials). A celit s'ajoutaient des
bivalves. Les Canards kakawis se nourrissaient sustout dans
les parties du lagon d'une profondeur de 28 3 moula
densité des proies était la plus forte. 1ls choisissaient de
préférence L!s mysis et les amphipodes les phus gros et
pechaient plus efficacement (jugé d'apreés une plus grande
quantité de nourriture dans leur estoniac) dans les zones ol
les proies étaient les plus denses et la biomasse, superieurc.

3. Introduction

Tens of thousands of male Oldsquisws and a smadl
number of non-breeding females congregitte in nearshore
Beaufort Sea lagoons during July and August (Johnson and
Richardson 1982). In contrast, breeding female Oldsquaws
remain with their broods on freshwater windra kakes ind
ponds, often until ice torces them to Jeave these for the
coastal lagoons in mid to late September. This paper
describes the feeding relationships between Oldsquaw
ducks (Clangula hyemalis) and their invertebrate prey in
Simpson Lagoon, one of a series of shallow lagoons on the
north coast of Alaska (Fig. 1).

by Stephen R. Johnson R !
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I'lie main purpose of this study was to determine

which prey orgamisms formed the important components of

Oldsquaw diets in the studv area, and o determine thi
relationship between prev availabitity and prey selection in
freding Oldsguasys, Investigations of the teeding ecology of
marine birds provide a kev link in the interpretation of the
relationship between biotogical proguctivity and abundance
of birds. The studies of Oldsquiws were part ol o lager
interdisciplinary study of ecological ps ocesses (LG TR,

4, Methods

4.1, Collection of birds and habitat samples

The procedures for collecting Oldsgrans and
Oldsquaw teeding habitat sinples during 1977 were the
tollowing: o : |

1. A tlock of Oldsqrinws was located and watched fon
4.5 min to determine whether some hirds appeared 1o be
feeding by diving. A esarate was rade of the tlock size

9 Ohseryers then sped into the Hock by boat chHm
Zodiae with 35-hp outhboard). diopped an anchored haon

"

into the water as the vesse] slowed, and shest as mans birds as

pussible (generally three to eight individuals),
4 Birds were retrigved and labelled. Tomitigale
post-mortem digestion. the esopliagus, provestrictlus, aid
gizzard were injected immediately with absolute isopropy|
alcohol. The esophiagus was then plugged with paper
1. Habitat sampling ocenrred atter the collecting
party returned to the buow. -

4. For each set of birds collected. Ih‘n-nmpl;mklm: safnples |

were obtained. one fron the surface water and another
from the mid-water colummn. This was ac omphished b
towing both i surface-supported 1Hhyv-10-0m neustion b
(mesh size 0.079 mnn and a subterged (1-m deepy .25-m
diameter macroplankton net (mesh size 0,239 see Gathiths
and Dillinger (1981 for more detals of sampling
cquipment). | '- |

bh. One sample from the lagoon epibenthos (bottom com-

munity) was collected. From 4 stationary boat in the areaot

the buoy the 0.25-m macroplankton net was towed man-
ually across the bottom of the lagoon toradistance ot
approximately 1hmata speed of approximately 0.5-1.8
m's. The water depth at this location was measured withithe
buoy rope. Observations by SCUBA divers in this stads
indicated that the epibenthic community in Simpson La-
gqoon extended from the botiom surface upward to about

0.95-0.75% cm and included a suspension of detrital aterial

several centimetres thick. The (0.95-m macroplunkion net
was a relatively crude device for sampling the epibenthos;
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no doubt many fast-moving organisms (e.g. mysids) escaped
from the net before it could be retrieved. The net often
bounced along the bottom and scraped a thin layer of mud

and accompanving infaunal organisms from the top { cmot

bottom substrate. |
¢. Habitat sampiles were washed immediately from the
sampling nets and preserved in 10% neutral Formalin,
During 1977, 31 collections of Oldsquaws (x = 2.8
birds/collection; total = 87) were made in Simpson Lagoon
from 11 July through 14 September, During 1978, 45
collections (x = 2.4 birds/collection; total = 108) were made
in Simpson Lagoon from 10 July to 27 September. The
same general procedures for collecting Oldsquaws were
followed in both 1977 and 1978, Prior to making collections
in 1978, however. some flocks were watched more carefully
and longer (10-3 inin) to determine whether they
appeared to be feeding. Of the 81 feeding birds that were
collected in 1978, 65 (80%) had identitiabie food in their
stomachs, whereas of the 27 birds that were taken indis-
criminately with no prior observations of behaviour, only 7
(26 ) contained some identifiable food. During 1977, 54
(62%%) ol the Oldsguaws collected had identifiable fo el iIn
their stomachs; that proportion was sitilar to the overall
value tor the 1978 collections (67%). Thus, optimum use
and least wastage of Oldsquaw specimens depends on

adequate observation to deteruane that the birds are actively

feeding and will be usetul in prey analvses.

Studies during 1977 (Griftiths and Dillinger 1981,
Johnson and Richardson 1481) indicated that Oldsquaws
fed primarily on epibenthic invertebrates and bivalves

R a8y A Py ATy Sl

found on or near the lagoon bottom. They?fore, during
1978, samples for analyses of food availability were collected
only from this level of the lagoon. To minimize escapement
of mobile epibenthic animals, the drop-net method (mesh
1.0 mm; Fig. 2) of Griffiths and Dillinger (1981) was
ubstituted in 1978 for the 0.25-m tacroplankton net tows.
The drop net sampled from the bottom surface of the
lagoon (including approximately ! cm of substrate) and also
from the bottom 95 cm of the water column, Three to five
drop-net samples were coliected immediately at each loca-

tion where birds were collected, .
1.9, Laboratory techmques

Withint 21 h of collection all birds were dissected 1 i
field Laboratory and food items were preserved. The esoph-
agus, proventriculus, and gizzard were removed as a single
unit from each bird. During 1978 this unit was slit fength-
wise, and an arbitrary measure of fullness (Hynes 1950,
Griffiths ef al. 1975; see below) was assigned to the total unit.
A cursory and tentative description of the contents was
also recorded. These contents were then washed with
10% neutrid Formalin into a 227-mL bottle for later 1e-
examnination, During 1977 no measuve of fulliness was
assigned in the field, but alt other procedures were the
HUMO ﬁ
oy assess and compare the importance of various
invertebrate taxa in the diet of Oldsquaws in 1977 and 1978,
the preserved stomach contents were sorted by trained
invertebrate zoologists, and an estimate was made of the

Figure 1
Simpson Lagoon, Alaska
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relative volume of each major taxon (e.g. amphipod, mysic,
copepaod, isopod, and so on) following the procedures
developed by Hynes (1950) anct moditicd by Grittiths et al.
(1975). T'wenty points were assigned to the fullest ldsauiaw
somach analysed, ‘The fullness of ecach other stonitch was
subsequently gatuged against the fullest stomach, and a
corresponding number of puints were assigned, Alter the
sample hacl been sorted, and after cach niajor taxon had
heen bottled, the total number of points thus assigned to
cach stomach was partitioned amony the major inveriebrate
taxa présent according to the relative volune of cach. No
Histinction was made between whole organisms and fric-
vons thereof, Pieces of unidentified organisims were classi-
ficed as such.

During 1977 and 1978, each habitat sample was
sorted and bottled by major taxon, Twenty points were
assigned to the total volume of each saniple, and then an
estimate of the relative proportions (volumes) of the total
20 points was assigned to the various major tasa i the
sanple. |

During 1977 the two most inportant tix (tnavsids
and amphipods) present in the stomachs and habitat saa-
bles were sorted turther, identitied to the species level, and
weighed (Formalin wet weight). Forasize COMPUrison.

90 individuals each of mysids and amphipods were selecied
randomly from each Oldsquiaw stormach and [rom s assoui-
ated habitat samples: these individuals were teasured o
the nearest millimetre. During 1978 @ much more detaled
svatern of sorting and imeasuring wis adopted: all indivi-
duats present in the stomachs and habitat samples were
sorted to major taxa, identified to the species trvel, counted,
weighed, and measured.

No studies were conducted to determine if the
contents of the esophagus, proventricutus, and gizzard
differed signiticantly, Therefore, as shown Iy Bartonek
(1968), Battonek and Hickey ( FAOM, and Swintson and
Bartonek (1970). some biias in prey anabvsis may bave
restlied because of differential digestion in these portions
of Oldsquas digestive tracts, Very lew sott-b idied inver-
tehrates were found in Oldsquaw digestive tracts or then
feeding habitat (epibenthos), howeverand our detailed
kthoratory analyses in 978 coutirmed that the broken shells
of hivalves and the telsons and adjacent urosomes ot mvsics
and amphipods remained identifiable and meastrable i
Oldsquaw gizzards, Reference collections were nucde of all
Oldsquaw prey organisms, and regression Curiitions were
developed to relate the partial length ot incompletels di-
gested imvertebrate organisims to total length. weight, and
caloric viatue of whole organisims of the same species.
Further details of the identifving, sorting, counting, weighs-
illg, andd illt‘il:illl‘illg pl‘m?t‘durt'ﬁ tollowed durillg 1977 and
1978 are described in Griftiths aned Dillinger (181,

All vesuits presented are of the total seasonal diets ol
Olcdsquaws. Cluster analyses (see Cliftord and Stephenson
1975:134 for procedures) indicated no justitication tor
further. more detailed categorizations of carly, middle, e
late season diets of Gldsquiaws,

B, Results
5.1, Oldsquaw diet

Of the 87 Oldwquaws collected during 1977, 15 had
empty stomachs and 18 contained only unidentifiable mate-
rial, ‘The average diet of the remaining 54 birds included,

on a percent estimated volume basis, 58.7% mysids, 14 2%
amphipods, 8.1% bivalves, 2.3% isopods, 2.3% small fishes,
and 14.2% unidentifiable muaterial (Table 1).

The Oldsquaw diet during 1978 was similar to that in
077 (Morisita Sitnilarity Index. C = (.74 Horn 1966). O
the 108 Oldsquaws collected during 1978, 34 had empty
stomachs and ¢ contained only unidentifiable mitertad. Th
average diet of the remaining 72 birds, ot a peraent
estinated volume basis, wis 68.5% mysids, 15.5% amphi-
pods, and 12.1% bivalves (Table D). Unidentifiuble tnaterial
comprised a much smaller portion of the stomach contents
in {978 (1.5%) than in 1977 (14,250 becaase of the avail-
ability of completed reference collections and unproved
identification procedures in the second vear of stuecdy.

‘Table 2 provides a comparison of the proportiens ol
major taxa found tn Oldsguraw stomachs as determined by
precise measurements of wet weight, ash-ree dry weightt,
energy content (kiloGtlories), and abundance (ot 1i-
dividualsy as well as by the qualitative, imoditied-Hynes Point
method. The Hynes Point method proved o be a relatively
accurate indicator of the propottion and importince ol
various major taxa of prev organisins constmned by Qled-
siaws, Percentages computed fram Hynes Pomt values
were alimost identical and were not significantds ditferent
(P > 11.05) from pereentages cotnputed from asdi-free diry
wetght and energy content vilues tsee Table ).

The main prev species were the mssidds My litendey
and M. relicta, the amphipod Onusimus glue el and the
bivaives Portlandia arctica and Cyrtodarie hurriane ] able 4y,

59, Prevavailabiiny

Gear used for surface and mud-water collecnons 13

1977 probuably provided o reasondbly accurate imdicaton of
jprey availabibity there, but t'_|.1llx'uthit iy ertebr tes of the

Table | - - | |

Porcentage solumet i compuat o of Oldspraw et oy geiiion e
l'ullllmhiljull ite i‘iHh_L‘IIIhH mn:ph'n {1ertn iunlﬂ,nn I_.;grqrn

ey PEIE L T R bl )

1977 . 1978
Oldsquaw _ Epibenthic. ~ Oldsquaw - Epibenthir
diet samples diett . samples
(V=54 WV I8 (v T N A
total puints* total points total points - total points

Prey 44 = ) 166! 1)
M WRT N N R Lk
Amphipods 0 W2 LSRN S Y 15 5 560
Bivadves SR N 19 2% 0 T
[sopunls 2% ¥ o -
Fishes o2l th SRR £ L I
Copepods S LN IKRE i L
Polve bietes 1) - T U (2K ()7 | | g
Fuphinsiids ¥ [t | (1 "
Priapulids S L " | o 1 1
Tunwates (} F I o i) 1 _ Y
Chnidartans t AR T () 6 N
Preroputs | 1 10 Ty 8 | t
Ontracends v uK (it {) S
Foraminiferans {) (R IR LU I LI ()
SPOnges 0 oo G
Chactognaths v . 0 | ( | LR
Crmaccans B L Bl "
U nicdentibiabie 1.2 ) 1 5 ) hoo
Total LAY [00.0 IR FOHS )

wSee Griftiths ef af (1975 for wdescrption of the poirs nicthiod fot

AMSSINK the relative _illl}mrtum‘c of foxend urg'.mimm' |
‘I'Rt‘t'nnlpull'ﬂ Imrt't‘llliigt‘ﬁ after ul‘nilting‘tn;u"u wis, whewe WPyt diu ¢ 1nl
epibenthue samples may have been an drnfact of the sanping rsethixd
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types important to Oldsquaws were especially difficult to
sample quantitatively. Methods used to sample such animals
in 1978 were thuch improved over those used in 1977,
These problems must be recognized when interpreting the
data concerning food avatlability. | |
Few mysids or amphipods were collected from the
surface witers of the lagoon (Fig. 3). This evidence, plus our
observations and published information (see Discussion) on
the diving behaviour of Oldsquaws, indicated that Old-
squitws probably rarely feed in this layer. The predommant
invertebrate taxa present in this fayer during 1977 were, on

w
Figure 2 -
Shatiow water drop net used to sample invertebrates in Simpson Lagoon

a
Diet of Oldsanaws in Sisnpson Lagoon during 1978 as determined hy
VATIOUS RICASIIes

___'_——__—-_ﬂ—-———--———q____.__- - ———

an estimated percent of total volume basis, copepods

(68.1%) and cnidarians (16.7%). Most of the remainder of

the organisms collected in this habitat were amphipods

7 d chaetognaths (3.3%). | |
7% zlt;pepods Igepresemed almost two-thirds (64.4%) of

the total volume of invertebrate organisms present in the
mid-water habitat samples (Fig. 3); this proportion was
similar to that found in the surface water samples. .Myslds
and amphipods comprised | 1.7 and 9.4%, respectively, of
the mid-water samples. Cnidarians, chaetognaths, and
ctenophores represented a major proportion of the re-
maincler of the mid-water samples during 1977,

~ Copepods, mysids, and amphipods comprised the
major proportions (33.8, 28.1, and 27.5%, reschtwely) of
the epibenthic samples collected during 1977 (1 able 1),
Obsetvations by a SCUBA diver at several locations in

S A - Sitnpson Lagoon during 1977 and 1978, ind'icated !hal
SHALLOW WATER DROP NET mysids and ampl}lmds were t_ht; MOst conspicuous 1n-
| h | vertebrate organisms present in the epibenthos (Grittiths
¢ ; and Dillinger 1981). The relatively large volume ot cope-
: Y pods in the “epibenthic” samples taken during 197:? was
l probably an artifact of the sampling equipment (0.25-m
| | § TOP PURSE |
BOTTOM PURSE | f LINE
le\\ -* |
_ \ .' M
| - g Table 3
il f Identifiable prey consumied by Oldsquaws in Simpson Lagoon®
; 1977 1978
- H Oldsquaws  Oldsquaws
L POLE\ 4 Prey (N = 54) (N=12)
: Mysids
! Mysis litorals and M. relicta 67.6 79,7
| Amphipocds |
' 4 Ondsimus glacialis 8.0, 10.4
[ i Parathemsto spp. 4.9 (.3
- Gammarus selosus 1.7 0.8
, \ Crammeracantin loricatus 1.2 0.7
METAL RINGS 113 Apheruse glactalis <(}1 _—-
=3 Pontofroreia affinis and P, femorata — <i).4
-[ Bivalves
{ ] Cyrtodania kuryiana 7.1 51
; Portlandia arctica 2.4 1.1
: O Isupods 2.7 0.9
- FH 1 CCULAR . | Copepuds 1.9 <() ]
| o GIRLU Cumaceans —_ 01
”—._q METAL FRAME Euphausiids | — (.1
—=0. 5 m——N | Polychaetes — (.1
PURSE - ; \
COLLAR {nylon METAL RINGS Ql!wrs - - __ 0.4

*Presented as percent composition (wet weight),

Ash-free
____ Volume Abundance Wet weight dry weight Energy content
Mysids 289 68.5 6464 75,0 1551 74 o e ———————
Amphipexls 65%. 155 1845 21.4 2.7 N8 02 163 203 163
l Bivalves 1Y 12.1 260 3.0 13.4 6.6 9 6 lU'l [ ;7 lﬁ?
Other taxa 1654 39 | 48 06 | 8.3 4,) | :[} '%'9 46 | lgi
Total 429 100.0 8617 100.0 WA 999 257 100 196 o0

*See Griffiths et af. (1975) for a description of the points method for
~ assessing the relative importance of food organisms. Points listed in this
“table are only those of identifiable taxa. |
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3 macroplankton net); they presumably were taken in the
% water column as the net sank and was retrieved.

Because both mysids and amphipods, the organisms
that comprised the major proportions of the diet of Old-

- squaws during 1977, were proportionately most abuncdant

in the lagoon epibenthos, oldsquaws probably fed almost
“+ exclusively from this habitat rather than from either the

surface or the mid-water layers where mysids and amphi-
s were relatively uncommon. The few copepods in the
diet of Oldsquaws during 1977 may have heen taken

% incidentally tlurin[i; the process of feeding on other

~ epibenthic invertebrates (Table 1, Fig. 8).

-

~ Mysids and amphipods collectively represented
85.5% of the estimated volume of invertebrates in the 1978
epibenthos samples. Although the drop-net sampling tech-
nique was not designed as an infaunal sampler, a notably

Figure 3
Volumetric composition of Oldsquaw dicts and teeding liabitat samplesin

Simpson Lagoon

BIVALVES B4
COPEPODS
| ormers [ |

A il eyl

larger proportion of the estimated volume of epibenthic
samples consisted of bivalves in 1978 (7.1%) than in 1977
(1.9%). Differences in wet weights of bivalves in 1977 (9.5%)
and 1978 (6.29%) were not as marked, however (Table ).
Perhaps because more effective sampling gear was used
during 1978, the relative importance of copepods in the
epibenthos was markedly lowerin 1978 (0.5% of estimated
volume) than in 1977 (33.8%). |

5.3, Selectivity in diet

T'he results from 1978, when move etfective
epibenthic sampling gear was used. show a generaily dose
relationship between the refative volumes of Intajor in-
vertebrate taxa in Oldsquaw stomachs ind in the epibentlne
habitats  Fuble 1, Fig. 3). Furthermore, the wenghts of
invertebrates as a group, and of mvsids in particular, in the
storitch contents of individual Oldsquaaws were positively
and signilicantly correlated with the availabhity ot these.
anitals in the epibenthos at the place and time of collechon
(Fig. -H. However, diet was not totatly parallel o jood |
availabilitv. [n both 1977 and 1978 the relative proportions
of mysids found in Oldsquaw stomachs were substaniath
greater than those tound in feeding habitats ( Fable B The
ditterences in 1977 between mvsids in the dictand m the
epibenthos remain lirge even it copepods are not ¢ onsd
ered in the epibenthos percentdage compuitations.

In contrast 1o the mysids, the weights of amphipods
in the stomachs in 1978 showed oo positive ersigithoint
corvelation with the avallabitity of these amimgads i the
epibenthos (Fig. 31 During both 1977 and 1978, the pro-
portions of amphipods in Oldscuas stonchs were about

~ hait those tound in feeding habitats Clhable D,

Data from both 1977 and 1978 indcate that, on the
hasis of the tota) seson diet, the average sizes of mssids and
amphipods consumed by Oldsquinws were sigtivanhy lar-
get than the average sizes of the same speaies found in the
epibenihos (Lable 4 Fig. 5. Heneeon Stnpson Lagoon,

Figure 4
REiilliﬂHHhi[) 1 Sir.n|mun Lilgimn i 1OTN betweoen amount of previan
stomachs of feeding Oldsquaws and the biomass of prey in the epibenthes

where feeding Oldsjuaws were collected

A TOTAL INVERTEBRATES

15 ¥
¢ frann = 068
p< 0.00!
N:25
10 +0

(g dry wt}
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G0
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00 01

02 03 04 0S5 _ _ _
BIOMASS IN EPIBENTHOS (g dry wt/mi)
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feeding Oldsquaws apparently tended to select larger
individuatis of at least the most common prey specics,
especially mysids, found in epibenthic feeding habitats. In
1978, this selection by Oldsquaws of the large size classes of
invertebrates is most appavent during mid July for all major
prey consumed, and is less apparent later in the season,
especially tor Mysis litoralis (Table 5). -

6. Discussion

| Oldsquaws in Simpson Lagoou, as at other locations,
are largely opportunistic feeders — they prey on orgamsms
in accordance with their availability. In coastal wintering

- areas in North America (Stott and Olson 1973; Vermeer
and Levings 1977, Sanger and Jones 1981), as in Kurope

Table 4
Comparison of the sizes of the mostimportant marine invertebrates taken
from Oldsquaw stomachs and from the epibenthos i Sunpson Lagoon

Prey length Prey length
in Oldsquaw  in epibenthic
stomach, sample,* _
Prey species mm mm N Zt P
1977 -
Moy (itoraliy 143 » 2.6% 10,7 = 3.4 20 | Yy 1
Mysey refecta 2.7 '+ 1.4 {06 2 1.5 20 2491 G0
C Onvimus glecalns . 5.6 + 1Y 44 = 1.7 20 235 .03

1978 |
My ftorain 2.4 + 24 R4 45 20 280 0.01
My reficta 121 = |9 NR + 3D 20 261 0.02
Ontesimees gloetains A Rl 49 + (L8 o0 2494 001

L ]
*Epibe nthic sansples were collected at the locations where hirds were
aallected.
TWilcoxore's matched-pains tests
FMean = standard deviaion,

|1:|_qﬁ|f

(Madsen 1954, Nilsson 1972, Bagge et al. 1973), Oldsquaws
feed extensively on those organisms that are most abundant,
primarily epibenthic crustaceans and molluscs, Gjosaeter
and Saetre (1974) reported Oldsquaws and eiders feeding
extensively on the eggs of capelin (Mallotus villesus) during
the spawning season of this fish in the Barents Sea.

In freshwater habitats also, Cottam (1939), Bengtson
(1971), and Pehrsson (1974) showed that ab.undant crusta-
ceans comprise a major proportion of the diet of Old-
squaws. Lagler and Wienert (1948) reported crustaceans
and molluscs to be important prey of Oldsquaws at locations
in Lake Michigan where Eggleton (1936) had earlier found
the greatest abundance of these invertebrates. An analysis of
stomachs of Oldsquaws taken from gill nets in Lake Michi-
gan showed them to be opportunistic in their feeding
hehaviour. There was a close relationship between the prey
items in groups of ducks taken in the same haul of nets;
therefore it was concluded that the Oldsquaws were simply
utilizing, on a non-selective basis, whatever tood resources
were available in the area in which they were taken (R.S.

W
Table5 -
Comparisons of sizes of prey available and eaten by Oldsquaws th Simpon

Lagoon during 1978

Overlap index* for various sampling periods

Mid Early- Mid Late
Prey July August August August
species (N=8=14)t (N=5~12) (N=5-=13) (N_= 10=13)
Mysis litoredis 0.12 0.09 (.82 {(1.83
Mysts relicta (.21 (3.04 (.85 {1.71
Onistimus glacialis 0.37 0.65 0.75 (1.8

*Morisita Overlap Index (Horn [466).
tN = range in number of stomachs mmpilrcd.

Figure 5
Distribution of sizes of prev in the stomachs of feeding Oldsguasws and in
“the epibenthos where feeding Obdsquaws were collected
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Eflarson, pers. comm. 1982). In northern Sweden, Pehrsson
(1973) found that both female Oidsquaws with broods and
other post-breeding Oldsquaws selected and were con-
centrated on lakes that supported high densities of euphyl-
lopod crustaceans, Huli (1914) and Ellarson (1956:215)
recorded Oldsquaws feeding on locally abundant minnows

in Lake Michigan.,

'The relationship between Oldsquaws and their
benthic prey in Simpson Lagoon is remarkably simifar to
that in portions of Lake Michigan. In Simpson Lagoon the
principal prey of Oldsquaws consisted of two species ot
mysids, two amphipods, and two bivalves. The two mysics
and Onisimus glacialis are epibenthic-dwelling crustaceans. In
Simpson Lagoon and many other lagoons along the Beau-
fort Sea coast these crustaceans are associated with a detrital
suspension several centimetres thick on the lagoon bottom
(Griffiths and Dillinger 1981).

In Lake Michigan, Peterson and Ellarson (1977)
found the primary prey to be asingle species of epibenthic
amphipod (Pontoporeia affinis; 82% of winter diet). Further-
more, they found that Oldsquaws concentrated to feed in
the same areas where Pontoperewa affinis reached maximum
density. Field experiments in Lake Michigan by Marzolt
(1962, in Peterson and Ellarson 1977) indicated that a thin
detrital film (less than 5 mm) was generally present on the
bottom of the lake. His laboratory experiments also sug-
gested that Pontoporeia densities were positively correlated
with the density of bacteria in this organic matter. Although
Schell (1980) found no such relationship between the
common invertebrites (e.g. mvsids and Onisimus) living 1o
Simpson Lagoon and peat-associated bacteria, further study
of other types of detritus and bacteria mav show i relion-
ship in Simpson Lagoon similar to that described by Marzolt
(1962) in Lake Michigan.

The standing stock of benthic infauna (hivalves,
polvchaetes, cumaceans, tunicates, and other organisms) in
Simpson Lagoon substrates is at least as high as that of the
mobile epibenthos (2.2 g vs. 0.1-2.5 g ash-free div wiim®:
Griftiths and Dillinger 1981). Nevertheless, only 109 or fess
of the diet of Oldsquaws in Simpson Lagoon was tound to
be composed of bivalves (primarily Cyrtodaria kwrnane and.
tor a lesser extent, Portlandia arctica), cumaceans, and

lychaetes (Table 3). Some of these organisms may have
en available in the epibenthos (H. Feder, Univ. of Alaska,
pers. comm. 1981), so the percentages of the dict repre-
sented by infiunal organisms may have been even lower.

In Milwaukee Harbor in Lake Michigan. infaunal
oligochaetes (Tubificicae) were very abundant in winter (up
to 335 000/m?: Rofritz 1972:56) and were alinost the exclu-
sive diet of most Oldsquaws, even though molluses and
crustaceans were also present in the benthos where the birds
were feeding (Rofritz 1977). 1t was suggested that Old-
squaws in Milwaukee harbour may have selected oligo-
chaetes as food during winter because of their signiticanthy
higher caloric value per gram of hody weight than the other
benthic fauna present. Oligochaetes were absent. however,
from the diet of some Oldsquaws. ‘These worms miy have
been in burrows in the sand and silt substrate during some

riods and at some tocations, and therefore may have been
argely inaccessible to some Oldsguiaws.

My results suggest that Oldsquaws select the larger
mysids and amphipods, and prey most effectively in areas
where the density and biomass of food are high (Figs. 4 and
5). Griffiths and Dillinger (1981), in systematic samples at
shallow and deep stations in Simpson Lagoon that were

established independently of the presence or absenice of
Oldsquaws, showed that the density of invertebrates wis not
homogeneous. Thev found that densities of both my sids
and amphipods were significantly greater at their deep
(x = 2.5 m) lagoon samnpling stations in the central trough
near the middle of Simpson Lagoon than elsewhere. Aver-
age depths where Oldsquaws were feeding and were vol-
lected in Simpson Lagoon during both 1977 and 1978 |
ranged from 2 to 3 m, namely, in the area where densities of
lagoon invertebrates were hi ghest. | | |

We have not investigated rates of predation iw
Oldsqquaws. This aspect of the functional teeding response is
an important one becaus: oo doubt would be attected by
changes in the density f invertebrates. 1 dramatic reduie
tions in invertebrate density should oceur because of ol
pollution (see Cabioch 1980, Berne ef al. 1980, Oldsguaws
and other organisms dependent on invertebrates tor toad
may be torced to: (1) move 1w more suttable area, or (2
increase their searching tine, thus becoming less ethaent.
We know little of the local movements ot flocks of Old-
squaws, Furnover rates of indniduals within ks or ol
flocks within a lagoon svstemare not well understood.

Nibsson (19701 indicated thast Oldsgpraws he observed
wintering along the coust of south Sweden durmng 1061675
spent approximaicihy 79% of dan light hours diving and thia
the rate of feeding increased as the ambient temperatares
atong the voast decreased. Thus, Oldsquaws are capablo ol
functional changes in their feeding behastoun i response to -
some (vpes of natural perturbations, feremains to be seer, |

however, whether these seaducks can adapt to the moreased

disturbance and development-refated alterations of then
tagoon habitats along the Beautort Seiacoast o1 Adaska,
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