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ABSTRACT 

The winter feeding ecology of ol dsquaw, 'ftrhite-wi nged seaters, ccmmon 
murres and marbled rrurrelets was studied on Kachemak Bay, Alaska, fran 
November 1977 through April 1978. The birds together ate a minimum of 79 
~rey species. The sea ducks ate mostly benthic bivalves and gastropods, 
~th fish and crustaceans sometimes important, while the alcids ate mostly 
pelagic and demersal crustaceans and fish. 

Oldsquaw were extreme generalists, e!atin~! at least 60 prey species. 
The most important w~re sand lance, and the bivalves Soisula polynyma and 
Mytilus edulis. Seaters were ... genera1ists on molluscs, mostly bivalves. 
They ate at 1 east 22 species; the mpst important were the bivalves Protothaca 
staminea and Mytilus, and the snail M20garite~~ puaillus. Both sea ducks 
generally foraged in water less than m, thE! ol squaw over substrates of 
sand and mud, and the seaters over bottans of shell debris and cobbles. 

Murres ate at least 11 species of miid-water and demersal prey, mostly 
the crustaceans Neomysis rayi~ (mysid) and pink shrimp. Murrelets ate at 
least 8 prey species, primari y fish; capelin was the most important, 
fall owed by sand lance, the euphausi id Thy sane~ raschii , and mys ids. 
Both al ci ds generally foraged in water dE!eper than 20 m over rocky bottoms, 

/'"""" but the murre lets occurred relatively closer to shore. 

. ,~, 

Highly significant differences in averagt~ prey length were observed 
between oldsquaw and seaters, and between murres and murrelets. 

The birds studied appear to have minimal impact on commercially 
important species of fish and shellfish. 

The base of the food web in Kachemal< Bay depends on the product ion and 
availability of organic detritus, which apparently originates largely from 
winter die-off of extensive kelp beds. liowever, little is known about 
ecological processes between kelp production, and production and availabili~y 
of the birds• filter- and deposit-feedin1g prey. 

Birds wintering in Kachemak Bay appear to be at high risk from both 
acute and chronic oil spills. Most of the wintering community of pirds are 
either waterfowl or alcids, the two major groups of birds most susceptible 
to oiling. Pollution that interferes substantially with the production of 
organic detritus, particularly from the extensive beds of kelp, caul d have 
moreseriouslong-term consequences to the birds than direct oiling. :n , 
general, any potential threats to the bird community from petroleum aC:ivit~es 
needs to be evaluated in terms of the pattern of ocean currents. Accidents 
which may occur on the south side of the outer Kachemak Bay, and around the 
southern primeter of the Kenai Peninsula would threaten the birds and their 
ecosystem more seriously than ones on the north side of· the bay, which are . 
11 downstream 11 from most of Kachemak Bay. 
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INTRODUCTION 

Kachemak Bay, located at the southern end of Cook Inlet in southcentral 
Alaska, has long been recognized for its high biological productivity, 
important canmercial fisheries, and recreational uses. The marine birds in 
Kachemak Bay recently received attention when Erikson ( 1977) studied their 
populations throughout 1976 as part of broadly based environment a 1 studies 
of lower Cook Inlet by the Alaska Department of Fish and Game (Trasky, Flagg, 
and Burbank 1977). In winter, over 90~ ctf the! marine birds found in lower 
Cook Inlet were in Kachemak Bay. Erikson believed this was because Kachemak 
Bay remained essentially ice-free in winter, and that food was abundant in 
intertidal and nearshore subtidal waters • 
. -

Despite Erikson's (1977) study, the food habits and trophic relationships 
of this canmunity of wintering birds remCiined I essentially unknown. This was 
recognized as a major gap in the knowledqe of •lower Cook Inlet at the first 
11 synthesis meeting 11 of the Outer Continental Shelf Environmental Assessment 
Program (OCSEAP) in November 1976. This study of the winter food habits 
and trophic relationships of birds in Kac:hemal< Bay was subsequently added 
as a part of OCSEAP Research Unit 341 (Population Dynamics and Trophic 
Relationships of Marine Birds in the Gulf of· Alaska). 

Field studies were initiated in Nov1ernber 1977, and continued at monthly 
intervals through April 1978. The primary obJectives of the study were: 
(1) to detennine-the kinds, amounts and trophic levels of prey used by the 
main s.peci es of marine birds wintering on the bay; and (2) to relate these 
findings to the physical and biological environment of the bay, particularly 
as related to potential petroleum development. 

The species we studied and collected were limited to those present in 
the areas we could reach consistently. These' were the oldsquaw (Clangula 
hyema 1 is), white-winged seater (Mel anitt2_ degl andi), and common murre (Uri a 
~). Erikson (1977) listed these species as abundant in lower Cook 
min wi_nter. We discovered the location of marbled murrelets. (Brachyramphus 
mannoratum) wintering in the bay in January a:nd collected samples qf this 
species from then until Apri1. Erikson cons id~ered marbled murrel ets common 
residents in lower Cook Inlet. No other· spec:ies was consistently present 
in the areas we worked, but we collected small samples of surf seaters (M. _ 
persoici11ata), black seaters (M. nigra), and pigeon guillemots (Cetphus- 1/ 
calumba). Glaucous-winged gulls (Larus qlauce!scens) and mew gulls ( • 
canus) were abundant near Homer Sp1t, btlt the!ir proximity to human activit~s 
prevented our collecting them. ~ 

-~·~·----:-----:-----or--------
-._........,.-.. ,........--------
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CURRENT STATE OF KNOWLEDGE 

Ainley and Sa.nger ( 1979) reviewed the food habits of marine birds in 
the eastern subarctic North Pacific Ocean and coastal waters from literature 

~ublished through spring 1975. However, there has been little effort to 
--d~fine and analyze the trophic relationships E,er se among marine birds. 

Wiens and Scott (1975) and Wiens et al . (1979)-studied the feeding energetics 
of marine birds, but these and prlOr-studies have stopped short of examining 

-- -the interrelationships of energetics, food webs and prey trophic levels 
among ecological communities of marine birds and their prey. These :epics 
are at the heart of understanding trophic: re l at ionsnips among animals, and 
much additional work is needed in th fs ar·ea • . 

Table 1 lists the genera l prey cate9ories previously reported for the 
seven-bird species considered here. The three seaters prey mainly on 
bivalves and gastropods. In addition, be!nth i c: fish and fish eggs and larvae 
are minor dietary items of white-winged seaters ; fish eggs, larvae, arx:i 
plant matter are minor items to surf seaters ; and, black seaters occasionally 
eat plant matter and benthic crustaceans.. Olds quaw prey mainly on benthi-C 
and emersal crustaceans and they also eat a variety of bivalves, gastropods, 
and benthic fishes. Common murres eat mostl y mid-water fishes and benthic 
fishes, and mid-water crustaceans are less important in their diet. 5enthic 
fishes are the major prey of pigeon guil'lernots, but they also eat ceonalopods 
and benthic crustaceans. Mid-water fish1:!S and crustaceans .are repor:ed as 
major prey of marbled murrelets. 

STUDIES IN KACHEMAK SAY 

Crow (1978) studied the foods of marine ducks shot by hunters in the 
China Poet Bay area of Kachemak Bay during two fall months in 1978. ~e did 
not indicate collection sites, but the b·irds we re presumably taken close to 
shore over relatively shallow water. The mussel Mytilus edulis comor~sed 
the highest estimated volume of prey for seater s and other b1Valves (:ossib 1y 
Macoma or Tellina ) were less important. Marine al gae and flower par:s of · 
beach rye (Elymus moil is) were minor prey items in white-winged scot::s, as 
were. algae and uniaent ified fish bones in surf seaters, and gastropocs and 
sponge tissue in black seaters. 

Knowledge of the distribution, abundance and species composition of 
the wintering mari ne bird canmunity on Kachemak Bay is important to :Jnder
standing their trophic relationships. During Er ikson•s (1977) study, numbe:s 
of sea ducks increased from Cook Inlet in to Kachemak Bay. Numbers of 
gulls increased dramatically along the north shoreline of the outer Jay 
near Bluff Point, and large numbers were seen feeding on cannery was:: at 
the end of Homer Sp it . In the same study, a pelagic survey on March ! 7, 19 76 
across the mouth of the inner bay revealed size able populations of ol:squaw, 
common murres, pigeon guillemots, and lesser numbers of marbled murre i ets. 
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Table 1. General Categories of Prey Reported for Selected Species of Marine Birds Along the 
Pacific Coast of North America. X = major dietary item; o "" minor item; • "" incidental 
Jtcm. Aduplcd from Ainley and Sanger 1979 

General Type of Prey 

Fish Mollusca Crustacea 

/ ' 

n l rd_ Sped ea Mldwater ~enthic Eggs/T.a~vae Cephalopod Clams/Snails Mldwater Benthic 

Oldaquaw 
Clangula hyemalia 

White-winged Scoter 
Melanitta deglandi 

Surf Scoter 
M. per>apioi.llata 

Black Scoter 
M. nigra 

Common Murre 
Uri a aa lge 

Pigeon Guillemot 
Cepphua oolumba 

Marbled Murrelet 
Braahyr•amphua mar>mora·tua 

I 

· t. I 

~ 

1 X 

X 

0 0 0 X 

0 0 X 

0 X 

X 0 

0 0 

X 0 0 

0 0 

') 

Plants 

0 
I 
w 
I 

0 

• 4 
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On March 30, 1976, a similar survey from the end of Homer Spit due westward 
for ca. 22 km into the outer bay encountered an enormous flock of white-winged 
seaters, which Erikson estimated at 10,000 birds; he believed that these 
birds spent the entire winter in Kachernak Bay . He saw fewer common murres, 
pigeon guillemots, and marbled murrelets. The re were large numbers of 

...;.. .. white-winged seaters along the 20-fathom i sobath between Yukon Island and 
~eldovia Bay in February 1977 (unpublished USFWS data). 

/ Sea ducks collected for food studies in spring 1976 in Kachemak Bay 
_/ (David Erikson, unpublished data) showed t hat oldsquaw preyed mostly on the 

· clam Nucul a tenuis and ate some Macoma bal thica in the northern part of the 
inner bay-:- Surf and black seaters ate m1ainly Macoma balthica in the same 
area. White-winged seaters had a mo"re dive rse diet, but had mainly eaten 
the clam Nuculana fossa. All three spec:ies of seaters on the south side of 
the bay between Halibut Cove and China Poet Bay had preyed heavily on the 
mussel Mytilus edulis. 

OTHER PERTINENT STUDIES 

Stott and Olson (1973) studied the populations and food habits of 
seven species of marine ducks on the Ne\lt Hampshire Coast in winter. Oldsquaw 
had the most general i zed diet, consisting ma i nly of bivalves, gastropods, 
sand shrimp, and isopod crustaceans. The three seaters ..s..e 1 ect i ve ly used 
areas of sandy substrate and had quite simil ar food habits, preying principally 
on bivalves. All sea ducks were generally concentrated near the mouths of 
estuaries. A major conclusion of the study wa s that 11 

••• food availability, 
coupled with the physical structure of the substratum in the different 
coastal habitats , is apparently a major determinant in the way that coastal 
water fowl se 1 ect ively use habitat types • 11 

The feeding ecology of oldsquaw and black seaters was studied along 
the coast of south Sweden in winter (Ni l s son 1972). The bivalves Mytilus 
edulis and Macoma balthica dominated in 156 ol dsquaw stomachs. Other spec i es 
of bivalves, polychaetes, mysids, gammar· id amphipods, plant matter, and 
occasionally flatfish were al so present ~ but gastropods were conspicuously · 
absent. Most ol dsquaw foraged to depths of 22 m, over stoney and gravellY 
substrates with concentrations of Mytilus , or over sandy bottoms riCh with 
Macoma. Mytilus and Macoma also domi nated in 14 black seater stomachs. 
Seaters seen duri ng boat surveys we r e us ually in water of 0~ 15 m, -but 
ocasionally to 20m. 

Similar results were obtained f or ~~ i nteri ng oldsquaw collected along 
the coast of Denmark (Madsen 1954). By pe rcent frequency of occurrence, 
bivalves accounted for 47% of the prey, gastropods 13%, crustaceans 28%, 
fishes 7%, polychaetes 3%, and echi noderms 2%. The most important genera of 
prey were the bivalves Cardium and ~yt i lus , the amphipod Gammarus, and 
isopod Idothea. Madsen (1954) observeatnat oldsquaw foraged ma1nly at sea 
at night, but in daytime they foraged m~a rer t he coast. Black seaters · 
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forage<i in depths of 20-30 m, and the frequency of occurrence of major prey 
were: Bivalves, 95% (mainly Mytilus and Cardium); gastropods, 16%; crustacea, 
11%; polychaetes, 13%; echinoaenns, 4%; a·na vegetable matter, tr.ace. Madsen 
concluded that the birds he studied had ei:tten the same broad categories of 
prey reported by other authors. He believed that the maximum prey size was 
11 f_q_lrly_fixed" for each bird· species, but the minimum sizes varied with 
the availability and abundance of smaller prey. The birds ate larger sizes 
of soft-bodied prey such as fishes and soft-shelled crustacea than hard-shelled 
kinds. 

Comm6n Murres prey principally on mid-water fishes up to seven ·inches 
(178 mm) {Tuck 1960, and papers he cites). Capelin {Malotus villosus) are 
of particular importance off Newfoundland in winter. In summer 1n the 
eastern Bering Sea (Ogi and Tsujita 1973) and in the Sea of Okhotsk (Ogi and 
Tsujita 1977), mid-water schooling fishes, primarily walleye pollock (Theragra 

· --chalcogramma) dominated the stomach contents of murres. Squid and euphausiids 
were less important, although the latter accounted for 15% by weight of 
food eaten by murres in the southeastern Bering Sea. There appears to be 
little information on the feeding habits of common murres in protected 
waters such as Kachemak Bay. 

Sealy•s (1975) study of the feeding ecology of marbled and ancient 
murrelets in British Columbia during the breeding season is one of the few 

·"""", with data on prey lengths. He noted that the marbled murrel ets consistently 
foraged within 500 m of shore, in areas sheltered from prevailing winds and 
in water depths less than 30m. Four mar·bled murrelets collected in winter 
near Vancouver Island (Munro & Clemens 1931) containe<i remains of shiner 
perch (Embiotocidae), and ~sids. 

----·-··;..,.,.· "----~~----------

/
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STUDY AREA 

Trasky et al. (1977) provide extensive infonnation on the geography, 
climate, oceanographic environment, fishe!ries, and other living resources 
of Kachemak Bay. Descriptions bela~ are from this report, unless cited 

~therwise. 

PHYSIOGRAPHY AND GEOGRAPHIC SETTING 

Kachemak Bay is a major geographic featur·e of the Kenai Peninsula and 
Cook Inlet (Figure 1). The bay is 3~ km wide at its entrance, defined as a 
1 i ne from Anchor Point on the nortt\ to P()int Pogibshi on the south; and it 
is approximately 62 km long. The extremE~ uppe!r 6 km are mud flats which 
are exposed roost of the time. Away fran shorE~, water depths are relatively 
shall ow throughout the bay, mostly ranging fr!Jm about 35 to 90 m (20-50 
fm). Maximum depths, occurring just offshore between Yukon and Gull Islands, 
range from about 110 to 165 m (60-90 fm).. At about the midway point of the 
north shore, Homer Spit projects for about 7 km into the bay. This Spit 
divides the bay into physically and biol<)gicany distinct sub-areas tenned 
the .. i nner11 and the 11 0Uter11 bays. 

Kachemak Bay is bordered on the north by rolling hi~s up to about 460 m 
and the northern shoreline is unbroken by inlets. The rugged Kenai Moun
tains border the south side of the bay a1nd rise to elevations of 1 ,200-
1,500 m (4,000-5,000 ft.) within 9 km of shore. The southern shoreline, in 
marked contrast to the northern one, has several islands, fjords and shallow 
bays. Extensive shoals lie adjacent to the north shore. For example, the 
5 fm contour is about 3-4 km off the north shore of the inner bay, and 
from Homer Spit to a paint opposite Bear Cove, about 25-40% of the inner 
bay is comprised of water less than 5 fm at mean lower low water (NOAA 
Nautical Chart 16645). An area of about 36 km2 at the extreme head of 
the bay upstream of Chugalak Island is comprised entirely of mud flats or 
water of less than a fathom. 

Areas shallower than 5 fm near Homer and Homer Spit in the outer bay 
are more subject to tidal currents than the inner bay and the type of 
substrate is markedly different. The bottom of the outer bay has been 
classified into various substrate types {Figure 2, after Driskell ·and Lees 
1977). Boulders and cobbles predominate in depths less than 10 fm along 
the north shore. From here to the 20 fm line, an area which comprised a 
major foraging habitat for benthic feeding birds, the substrate is shell 
debris, muddy sand, or rippled sand. In the inner bay, an important foraging 
area for oldsquaw, mud flats with scattered boulders (NOAA Nautical Chart 
#16645) occur immediately adjacent to the north shore. Clays or~ginating 
from the glacial stre~s at the head of the bay and from erosion of bluffs 
extend from here to the 10 fm line. Presumably, scattered boulders also 

-~---~"---------r-----..----------,- ------------------
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GEOLOGICAL FACIES 

X Silt 
JJ: Muddy sand 
JII Rippled sand 
X Shell debris 
X Boulders and large 

cobble 
E Mudflats 

SAMPLING METHODS 

• TV and dredge 
A TV only 
• Dredge only 
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Figure 2. Types and locations of bottom substrates in Kachemak Bay. After 
Driskell and Lees 1977, and SAI 1979. 

! 
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occur in adjacent subtidal depths. These! boulders contain canmunities of 
mussels (Mytilus edulis) and other bfota~, thus constituting rocky micro 
habitats amid the mud and sand bottom (LE!SS 1978). 

OCEANOGRAPHY AND THE MARINE ENVIRONMENT 

Climate and Weather 

Climatically, Kachemak Bay is transitional between the maritime Gulf 
of Alaska-and the continental climate of interior Ala-ska. Cool summers, 
mild winters, and frequent storms characteriZI:! the area. Precipitation 
averages 71 em (28 in.) per year, includ·fng 257 em (101 in.) of snow. Air 
temperatures in winter generally range f1rom -8.3 to 5.6°C (17 to 42°F), 
with occasional lows below -l8°C (0°F). During this study, temperatures 
ranged from -l3°C in December to 4°C in April. 

Local·topography exerts a strong influence on wind direction (Hayes, 
Brown and Michel 1977) and prevailing north and northeast winds parallel 
the northeast-southwest axis of the bay. Wind speeds at Homer average 5.7 
knots in winter, with extremes up to 50 knots and occasionally as high as 
75 to 100 knots. 

~~ Phys i ca 1 Oceanography 

Information on water circulation and general features of physical 
oceanography are summarized from Burbank (1977) and Trasky et al. (1977), 
unless noted otherwise. Most water in Kachernalc Bay is normaTlyintruded 
from the Gulf of Alaska via Kennedy Entr·ance. A variety of evidence suggests 
that this water originates with coastal upwelling northwest of Elizabeth 
Island located just south of southernmost Kenai Peninsula. The general 
scheme of surface and subsurface ci rcul a.tion in outer Kachemak Bay in summer 
(Figure 3) indicates two adjacent, counter-rotating gyres on the south side 
of the bay and a net northwest current etut of the bay, parallel to the 
north shore between Homer Spit and Anchor Point. It is uncertain how 
accurately Figure 3 reflects winter conditions; variations in the observed 
pattern are frequent, even in summer. " · 

The inner bay is a positive estuary in summer when river runoff and 
precipitation exceed evaporation. The surface circulation (Figure 3) is 
characterized by two adjacent, counter-<:locb1ise gyres over the southern, 
deep water part of the bay, and a southwest, 1 ongshore current over the 
shallow northern part of the bay. 

There is-little direct evidence, but re~latively saline water from 
·below 30m is probably entrained into the inner bay frcrn deeper than 30m, 

coi nci ding with a net outward flow of 1 ow sa·l i nity water at the surface. 
The inner bay is well-mixed, with salin·ities ranging from near zero at the 

-~·~···-~----,.....-,....----------- --·-.. --~~-·-----
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Figure 3. Surface circulation in Kache:mak Eiay in spring and summer, with 
typical net surface current veloc~ities in knots. After Burbank 1 

1977 and SAI 1979. 
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head o~ the bay near river mouths, to as high as 32.50/oo (parts per thousand) 
at the entrance to the inner bay (Bri"ghtl, Durham and Knudsen 1960, as cited 
by Burbank 1977). However, typical salinity values for summer 1973 were 29-
300/oo even in the more saline outer bay (Shumacher, Sillcox, Dreves & 
Muench 1978). Circulation patterns direL~ly influenced the transport of 
mineral sediments. and organic detritus. Sedimentation affects substrate 
type and thus, the nature of benthic animal communities, and organic detritus 
is believed to fonn the base of the ecosystem in Kachemak Bay (Lees et al. 
1980). . --

There is 1 ittl e oceanographic i nfonnation for Kache.rnak Bay in winter. 
In early March 1977, temperatures were 6')C and salinities were about 320/oo 
in Kennedy Entrance from the surface to the bottom, indicating a well-mixed 
water column (Shurnacher et al. 1978). G·iven the current pattern noted 
above, temperatures and salinities were likely similar in outer Kachemak 
Bay. During this study, surface water t1ernperatures generally ranged from 4 
to 5°C. 

In severe winters, ice builds up considerably in the inner bay behind 
Homer Spit. Most ice probably fonns from freshwater runoff at the head of 
the Bay and is carried by ebbing tides and the prevailing northeast wind to 
the Spit. During this study, moderate amounts of pan and brash ice were 
encountered in Homer Harbor and adjacent areas of the inner bay during each 
month from December to March. In particularly severe winters, fast ice has 
extended up to three miles off the north shore of the outer bay, but such 
ice was not seen during th·is study. Ice scouring of the bottom in intertidal 
and shallow subtidal depths can adversely affect the benthos (Lees et al. 
1980), thus directly influencing the distribution and abundance of the
birds ' prey. 

Primarv Productivity 

The classical view of primary production in the sea emphasizes the 
role of phytoplankton in the water column (e.g., Sieburth and Jensen 1970; 
Strick 1 and 1970; Steele 1974). Larrance! and Chester ( 19 79) believe that 
zooplankton grazing on the phytoplankton·and the subsequent production and 
sinking of fecal pellets was the main ~Ciurce of organic detritus reaching 
the floor of outer Kachemak Bay. Phytoplankton productivity in the water 
column was consistently high from May tc1 August 1978. The significance of 
phytoplankton production during the remainin~J two-thirds of the year from /,.
September to April remain unknown, but ~it is probably insignificant in mid.: 
winter. The existence crf phytoplankton production within and beneath the 
ice (cf. McRoy and Goering 1974) has not been observed (nor suspected) in-~ 
Kachemak Bay, because of the ice's freshwater· origin, instability, and -
relatively short duration. 

The importance of phytoplankton ·product·ion should not be minimized, 
but organic detritus from other sources may play a major role in driving 
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coastal marine ecosystems (Tenore 1977; Si eburth and Jensen 1970; Strickland 
1970; Mills 1975). This may be particula!rly true for Kachemak Bay. Lees 
et al. ( 1980) contend that 1 ami nari an and fucoid kelps around the southern 
end of the Kenai Peninsula and in Kachemak Bay are the major source of this 
detritus. Other sources of the total 1 oad of organic detritus- in the bay 

..;..~re of terrestrial origin via streams, fr·am salt marshes bordering the bay 
-~-row 1978), and from peat sloughing directly into the bay from the bluffs 

along the north shore (M.P. Wennekens, pe!rsonal contTlunication). While the 
_pel ati ve importance of phytoplankton productivity and organic detritus from 

_ --- --~1ts var-tous--sources remains quite unc 1 ear·, it seems__likely _that_ the _ seasonal 
die-off and abrasion of kelp during winte!r storms could be a major source 

' J 

of detritus- in Kachemak Bay, when productivity of phytoplankton -i-s at its 
1 owest. " 

, 
Another unexplored source of productivity in Kachenak Bay could be 

water soluble organic fractions fran kelp (Lees et al. 1980). Up to 40% of 
all product ion by kelp may result in such materiaT '"{Si eburth and Jensen 
1970). This mate:rial has been shown to be important in collating and 
precipitating detritus, and it may be use!d directly as an energy source by 
bacteria (Sieburth 1968). -

Regardless of the origins of organic: detritus in Kachemak Bay, the 
important point concerning the winter fe,~ding ecology of...marine birds is 
that most of the birds• prey species are deposit or filter-feeders (Lees et 
al. 1980; Feder and Paul 1979). As such, they are able to use organic 
detritus and its bacterial coati'ng and associated microfauna (Tenore 1977) 
for food, so the birds• food supply is c11osel y linked to the existence and 
production of organic detritus. 

Distribution of Pelaaic Fauna 

Given the dynamic nature of the movements and numbers ·of pelagic fauna 
_and the incomplete picture of their status in Kachemak Bay in winter, it is 
difficult to relate distribution or abundance of birds to th~t of their 
pelagic prey. However, general ideas of distri bution and abundance of some· 
organisms are available (Blackburn 1978; Haynes 1977; Barr 1970; and 
information from these and other sources as summarized by SAI 1979). 

Brrds---ate a -number of fish species (see below) but only three-, Capel in 
(Mallotus villosus), walleye pollock (Theragra chalcogramma), and Pacific 
sand lance (Ammodytes hexapterus), were-1mportant to one or more bird 
species. There is iitt1e data available for these species in winter, but 
it seems likely that juvenile capelin (age classes I and II) occur from the 
surface to mid-depths, or perhaps even to the bottom. Although juvenile 
capelin stay near the surface above the thermocline in the western Atlantic 
in summer (Jangaard 1974), winter temperatures are likely unifonn from the 

. surface to the bottom in Kachemak Bay, and capelin may be distributed 
throughout the water column. 

! 
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In th~ southern, deep portion of the outer bay in January 1967, pink 
shrimp (Pandalus borealis) were found fran the surface to the bottom at 
night, but mainly concentrated at the 20-30 m level. During daylight hours 
they remained below 50 m (Barr 1970). Shrimp are thus available to the 
birds throughout the water column at some time in their diurnal cycle. 

There is very little information on the distribution of the birds• 
benthic prey. This circumstance is discussed subsequently. 

-----···-·----------
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METHODS 

FIELD METHODS 

-'!!P .• 

We collected birds for stomach samples and observed their distribution 
and feeding behavior during monthly field trips of three to five days, from 
,November 1977 to April 1978 (Table 2). ~le WOl'"ked in three general areas of 

.·-/the bay, largely determined by the preva'iling weather and by the birds• 
distribution in areas safely r~ached fr~1 Homer Harbor in the 6.7 m (22 
ft.) work boat. We collected' sea du~ks 1in twc) areas within a few kilometers 
of shore: 1. Between Homer Spit ~nd Anc:hor Point in the outer bay; and 
2. Between Homer Spit and Fritz Creek in the inner bay (Figures 4 and 5). 
In addition, we had avail able two white-'l#i nged seaters that had been collected 
off Seldovia Bay in February 1977. Most murres and murrelets were collected 
in a third area on the south side of the i nne1'" bay between Gull Island and 
Glacier Spit (Figure 6 and 7). In addit·ion, \t~e collected murrelets in China 
Poet Bay in January. 

We patrolled one of the three areas unti"l adequate concentrations of 
a desired species were seen. The behavior of birds to be collected was 
observed briefly before we attempted to obtain samples oF-at least five 
birds. Due to the constant threat of storms and the short winter daylight, 
we worked in a given area as quickly as possible and moved on to another 
area to seek the other desired species. The stomachs of all specimens were 
injected with 10% buffered formalin to a1rrest digestion (van Koersveld 1950). 
Specimens were then frozen until 1 aboratcn-y pl'"ocessi ng. Field data recorded 
for individual specimens included the loc:ation, date and time of collection. 

LABORATORY METHODS 

Frozen specimens were stored in a 1 a borate ry freezer until processing, 
which was usually completed within two wE~eks. For initial processing, · 
specimens were thawed and we recored standard ornitho 1 ogi cal measurements 
and a 11fat index, 11 a qualitative evaluat·ion of the amount of body fat (Table 
3). We detenni ned the sex and age of th1~ specimen, removed the upper 
digestive tract (esophagus, proventriculus, and gizzard), and stor-ed it in 
50% isopropanol until analyzing the stomach contents. 

• To analyze the stomach contents, we carefully opened the digestive 
tract with fine pointed scissors and removed any non-food i terns such as 
rocks. The stomach contents were drain~j of excess moisture, weighed to 
the nearest 0.1 g, and their volume measured to the nearest ml by \'later 
displacement. We then counted and ident·ified the prey items to the lowest 
possible taxon, and visually estimated the vo·lume of each kind of prey as a 

,r--\ percent of the total. The greatest length of whole specimens were me·asured 

------------------------
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Table 2. Dates and numbers of birds collected in Kachemak Bay, Alaska,. 

;in winter for feeding ecology studies. 

Species Feb. 22 

Oldsquaw 

White-winged scoter 2 

Black scoter 
~ 

Surf scoter 
~ 

Common murre 

Pigeon guillemot 

Marbled murrelet 

Totals 2 

a no prey volume data on 1 bird 
b 2 empty stomachs 
c 1 empty stomach 
d No prey volume opf2 b~ds .•. \ 

" 

1977 

Nov. 9-13 

5 

1 

1 

7 

Number of Birds Collected 

1978 

Dec. 6-10 Jan. 9-12 Feb. 8-12 

5 5 5 

2 14 10 c 

1 

6 9 sb 

1 

6 sc 

14 35 25 

... J 

Mar. 6-9 Apr. 3-5 

6 2 

58 5 

1 

1 2b 

6c. 5 

1 1 
~~ 

s& 5 

24 21 

J ' 

I 
'! 

TOTALS 

28 

39 

2 

4 

31 

3 

21 

128 

r\ 
~ .} ' 

I .... 
ln 
! 
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Table 3. Criteria for determining the fat index of marine birds, modified after sc~~e d~~igned for use on 
freshwater waterfowl (U. S. Fish & Wildlife Service, Northern Prairie Wildlife iesearch 
Center, Jamestown, ND). 

Visibility of Presence of Fat on 
Feather Papillae Viscera Humerus and Bifurcation 

Fat Index on Breast and Neck Skin Femur Region of Clavicles 

1. Very EvJ.dent Very little None Little fascia and None 
grey-orange fat 

'2 StJ.ll visible Some . Some Slight streak Slight streak along 
along femur trachaea anterior to 

3 Visible in dorsal Moderate Partially Present Present 
half of belly covered 
tracts only 

~ 

I Not visible ,, (!onaolidated Ccnspletely Moderate Moderate 
through skin masses covered 

5 Not visible Consolidated 3-6mm Heavy Heavy 
through skin masses thick 

extending 
over lower 
belly 

' I 

I 
1-' 
0\ 
I 
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.. 
::'igure 4. Collection sites of oldsquaw ducks. Letters and numbers indicate 

month and number of birds col:Lected . 
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152° 45' 

152° 45' 30' 

15' 151° 

. WHTE-Wli'G:D SCOTER 
CCti.ECT1CN SITES 
FEBRUARY 1JT1 ANJ 
NO\/. 71- APR 78 

15' 151° 

Figure 5. Collection sites of white-winged seaters. Letters and numbers 
indicate month and number o:E birds collected. 

--· -·-·------------------------- --·-·--------------------------
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Collection sites of common 1nurres. ·Letters and numbers indicate 
month and number of birds collected. 

l 
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152° 

152° 45' 30' 

MARBLED Ml.JR1ELET 
CClLECT10N SITES 
JAN-APRIL 1978 

15' 151° 

Figure 7. Collection sites of marbled mur:relets. Letters and numbers 
indicate month and number 1Jf bi:rds collected. 

---~"---··--r-__,..---------......--------- ----~---·-------------------
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to the nearest mm, or in the case of fish otoliths (Frost and Lowry, in 
pr.ess) and fish vertebral columns and parasphenoid bones (Sanger et al. 
1978), to the nearest 0.1 !Till. We verified our prey identifications Oy' 
consultation with taxonomic specialists (see Acknowledgments) and maintained 
a collection of voucher specimens for ca111parison with subsequent collections. 

DATA ANALYSES, INTERPRETATION, AND PRESENTATION 

This report analyzes the feeding ecology of the birds by examining 
their food habits, their feeding behavior·, ancl their geographic distribution 
in re1 ation to feeding habitats. We analyzed trophic relationships per _g_ 
among the birds and their prey by comparing the relative importance of each 
prey among the birds and the siz.es of the! prey when known. 

The tenn "feeding habitat" is definE!d as the location a bird captures 
its prey in terms of water depth, and in proximity to the sea surface, the 
sea bed, and for bottom-feeding birds, by the type of substrate. At times, 
it may be possible to use oceanographic featur·es to describe feeding 
habitats, but this seems unlikely in Kachemak Bay in winter when the 
water column is probably well mixed. 

A certain amount of speculation is needed to categorize the feeding 
habitat( s) of each bird species. Howevel'", by comparing the substrate types 
beneath the birds' collection sites (Driskell and Lees 1977) with what is 
already known about-a bird • s feeding behavior and the nonnal habitats of 
the prey in their stomachs, such speculation is credible. \~e collected 
birds only if they were sitting on the water, and have assumed that they 
captured their prey in the immediate vicinity. We often saw oldsquaw, · 
common murres, marbled murrelets, and pi1geon guillemots diving and presumably 
feeding before we collected them. 

Three basic parameters were used to describe prey taxa in the stomach 
samples: The aggregate percent volume (cf. Martin, Gensch and Brown 1946; 
and Swanson et al. 1974); the aggregate percent numbers; and the percent 
frequency of-occurrence.- To calculate the aggregate percent volume_ of a 
prey taxa, we summed its measured volumes from~all stomachs with food and 
then expressed this total as a proportion of the combined volumes of all 
prey. Aggregate percent numbers were calculated similarly. We also calculat~ 
these parameters for related groups of taxa (total fish, total crustaceans,/' 
total shrimp, etc.) to enable us to evaluate the importance of taxonomically 
related groups of prey. The percent frequency of occurrence is the percent __ 
of a sample of stomachs with any prey in which a particular prey taxa was ~--
found. · 

Pinkas, Oliphant and Iverson (1971) discussed the shortcomings of 
using any of these values alone to depict the importance of prey to a 
predator. In brief, differential digestion r·ates of hard and soft-bodied 

-~~-··~·-..,..-.----.__,.. _____ ,__ ______ _ 
___,_., __ w _____ _ 
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prey may distort their original relative volumes; percent numbers can make 
an abundant small prey seem more important than sparse larger ones, and 
percent frequency of occurrence ignores numbe1rs and vo 1 ume. 

To overcome these shortcani ngs, Pi nkas et al. ( 1971) comb-ined these 
-~three--values into an Index af Relative Irnport.i'nce (IRI), which we use---

::&ere. The IRI is defined as: ---- -- ----- --- --

IRI = %FO (%V + %N), where 

%FO = percent frequency of occurren1:e of a prey taxa or 
group af t axa-- in a s amp ll~ of n b i rds .. 

,%V = percent aggregate volume of a prey taxa, or group of 
taxa in the combined volume o;f all taxa in the stomachs 
of the sample of n birds ---- ---

- %N = aggregate percent numbers of ,a prey taxa or group of taxa 
in the combined numbers of an taxa in the stomachs of the 
sample of n birds. 

Depending on the size of the three input parameters and by rounding 
them to the nearest 0.1%, IRI values can the01retically ra.o.ge from a low of 
0.02 i.e., [0.1% (0.1% + 0.1%)] to a high of 20,000, i.e., [100% (100% + 100%)]. 
Although all of the IRI values and their input parameters appear in appendix 
tables, we simplified the graphical prest:!ntation of the monthly IRI data by 
assigning "importance levels 11 of each pr1:!y taxa to each bird species. These 
are based an exponential increments of the IRI values, as follows: 

... 

Prey Importance 

Level -

+ ("trace") 

1 

2 

3 

4 

Range of 

IRI Values 

1 - 9 

10 - 99 

100 - 999 

1,000- 9,999 

10,000 - and up 

---,--------------------
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RESULTS - SPECIES ACCOUNTS 

OLDSQUAW 

Collection Sites and Sample Sizes 

We collected 28 oldsquaw during the study (Table 2), including five 
each month_ from November through February in the inner bay, six in March in 
the outer bay, and one each in the inner and outer bays in April (F1gure 
4). We collected all specimens within a few kilometers of the north shore 
of the bay in water less than 18m. All birds had food in their stomachs, 
aJthough one taken in April contained only unidentifiable remains.. 

Food Habits 

With a minimum total of 60 prey species (appendix Table 1), oldsquaw 
had by far the most diverse diet among the four primary bird species 
studied. The minimum numbers of prey species. per month were: November, 22; 
December, 18; January, 11; february, 24; March, 23; and April, 2. The 
minimum grand total of 60 species includes at least eight species of gammarid 
amphipods, which are treated as a group here. 

Oldsquaw ate a diverse array of higher taxa as well as prey species. 
These -included: Ofte foraminifera; 9 polychaetes; 14 gastropods; 12 bivalves; 
19 crustaceans (including one each, barnalcle, mysid, cumacean, and isopod; 
at least eight gammarid amphipods, three shrimps, and two crabs); one ectoproct, 
three echinodenns (including two brittle stars one sea urchin); and t\-10 
fish. IRI values (appendix Table 1), indicate that the most important 
higher taxa were: bivalves, 2,838; crustaceans, 1 ,435; fish, 1 ,168; gastro
pods, 374; and polychaetes, 321. 

Despite the plethora of prey species in the overall diet of the 
ol dsquaw, the Pacific sand lance was considerably more important than any 
other, based on overall IRI values (appen'dix Table 1). The next most 
important taxa overall were the. bivalve'S Spisula polynyma, Mytilus edulis, 
Nucula tenuis, Glycymeris subobsoleta, Nuculana fossa, and the snail 
Oenooota. However, except for the sand 'lance and perhaps Spisula and 
Myti,us, it is difficult to say if these spec·ies were truly more important/ .. 
than many of the others. The species composition in the diet changed 
radically from month to month, and many taxonomic groups 1 ike crustaceans __ 
were collectively more important than some of the individual species of -. 
moll uses. 

Prey Lengths. The lengths of th~ 1,150 measurable prey pooled from all of 
the oldsquaw stomachs ranged from 1 mm Lacuna snails, and Macoma and Mytiulus 
bivalves, to sand lance of 115 mm; 95% o·f the prey were less than 10 mm, 

--~~--~------------____,,___ ______ _ -----------------
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Table 4. 
I' I '4 

Total lengths, in 10 mm increments, of all measurable prey from 28 oldsqua~--'collf!c.ted in Kachemak 
Bay in winter 

Prey No. of Prel in Length Increments (mm) 
Species 0-9 10-19 20-29 30-39 80-89 90-99 100-109 110-119 Total 

POLYCI~ETA/FORAMINIFERA 
Foraminifera 1 1 
Peo tinm•ia t:Jp. 2 2 

GASTROPODA 
Admete oouthouyi 2 1 3 
Aglaja diomedewn 2 2 
Alvinia compacta 11 -11 
Cerithiopais sp. 1 .1 
Lacuna variegata 13 .13 
Mitrella tuberosa 19 3 22 
Natica clausa 4 4 
Odostomia sp. 6 6 
Oenopota sp. 19 ..~ 

~'!I 

Onchidoris bilamellata 1 .1 
Turr!dae 2 ~ 

BIVALVIA 
Glycymeris subobsoleta 80 80 
Macoma sp. 200 6 206 
Mya sp. 4 4 
Mytilus edulia 503 503 
Nuaula tem.tie 41 41 
Nzwu lana c. f. j'oeaa 35 2 37 
01•obitella sp. 1 1 
P1•otothaca ataminea 19 19 
Saxidomus gigantea 1 1 
Spisula polynyrna 107 107 

·~ ( 

CRUSTACEA 
Garmnarid Amphipods 13 1 3 2 25 

" f ·~ 

I 
N 
~ 
I 
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Table '• (continued) 

Prey 
Species 

CanaeP oPegonenaia 
CPangon aep-temapinoaa 
Cumacea 
GnoPimoaphaePoma 

oPegone~laia 
Hyaa lyPatua 
My aida 
SpiPontoaaPiB apina 

ENCIIINODERMATA 
Echinoidea 
Ophiuroidea 

FISU 
J1 • ...,_.. ..... .;11,_,__ .... hexapte~c-~.B rliiUIIVLf.t/ ""'0 

TOTALS 

Percent of Total 

, 
.•. , "'· '\. 

I 

0-9 

1 

2 

1 
3 

3 

, 

' 1094 

95.1 

No. of 
10-19 

8 

1 
1 

1 

33 

2.9 

) '-
) 

J ' 

: 

th Incrementa (mm) ! 

30-39 80-89 90-99 100- 09 110-119 Total 

9 
1 1 

2 

1 
4 
1 

1 1 

1 1 
4 

I 
N 
lJ1 

5 4 2 4 15 
I 

5 3 5 4 2 4 1150 

0.4 0.3 0.5 0.3 0.2 o. 3 
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and only 2~ were over 19 mm (Table 4). The mean length of all measurab 1 e 
prey was 6.8 mm (S.E. = 0.33) (Table 5). Most of the measurable prey were 
gastropods (n = 84) and bivalves (n = ~9). 

Data on the length frequencies of the prey are plotted bt-2- mm increments 
for the invertebrates (Figures 8 through 11) and by 10- mm increments for 

~sand lance (Figure 11 ). The gastropod Mitrella tuberosa ranged from 1- to -rz- mm {Figure 8), the large individuals-being-considerably larger than the ca. 
6.4 mm {1/4 inch) size normally attained by the species (Abbott 1974). How--

_/i!ver, about 73% of the 84 measurable gastropods were less than 6 mm (Figure 8). 

Similarly, mcst of the ~ivalves were less than 6 mm 
but the data for Macoma.. and Mytilus (Figure 9), and 

Nuculana (Figure10) suggest .the presence of at least a few older animals. 
If the age-length ratio of Nuculana fossa. in K.achemak Bay is similar to 
Cook Inlet in general, those eaten by old~quaw were mostly in year classes 
0, 1, or 2, with a few 4's and 5's (Feder· and Paul 1980). Similarly, Nucula 
tenuis clams eaten by oldsquaw were less than 10 mm (Table 4), and ranged 
up to age 7. By the same inference, Giyc:ym;ris subobsoleta, also less than 
10 mm·, were age 3 or less, while Spisu a oo yrt~' 88% of them 2-4 mm 
(Figure 10), were all age class "0 11 (Fede!r anc aul lac cit.). Abbott 
(1974) notes 76 mm as the maximum length attained byMytTilis edulis, so 
those of less than 10 mm eaten by oldsquatw wer·e clearly juveniles. 

Most of the gammarid amphipods were less than 16 mm, but a few were 26 
to 36 mm (Figure 11 ). The sand lance, pr·obably mostly two-year old fish, 
ranged in length from about 80- to 115- mm and averaged about 98- mm (Figure 
10). 

Monthly Changes In Prey Importance. The small sample sizes and 
variation in collect1ng sites preclude statistical evaluation of monthly 
changes in the importance of individual prey species or groups, but general 
trends are indicated. Fish, mostly sand lance, 
were present in the oldsquaw diet each month except February and April 
(Figure 12 ). Crustaceans were consistently of moderate importance throughQut 
the study (Figure 12), although no om~ species nor taxonanic group 
was of particular significance. Total shrimp and total crabs (Figure 12), 
and total gammarid amphipods (Figure 13) fluctuated in their importance in 
no apparent orderly fashion. The shrimp Soirontocaris (Figure 12l, mysids 
(Figure 13),.and echinoderms (brittle sta·rs and sea urchins, Figure 12) 
occurred only in the diet of birds collected in the outer bay during March. 

____ .,_., ______ _,_ _____ ,...._ _____ _ 
--·-.. --~~-----
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Table 5. Mean lengths of all measurable prey from marine birds collected 
in Ka.chemak Bay in winter. 

Length of Prey, mm 

N 
Species Prey x S.E. Min. Max. 

Old squaw 1,150 6.8 0.33 1 115 

White-winged seater 103 13.6 1.42 4 105 

Surf Seater 4 7.5 0.85 6 9 

Common Murre 174 44.6 1. 67 31 179 

Pigeon Guillemot 15 28.3 2.94 17 66 

Marbled Murrelet 138 26.3 2.02 4 135 

---------------

j 
~· 
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OlDStlUAW. Kach8111C1k Boy 
Mi trella tubero8a. N = 22 

" 

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 

OLDSCUAW. Ko~ok Bay 
Total Gastropoda. N = 84 

18 20 22 2t~ 26 28 30 32 34 36 38 40 42 44 46 48 50 

PREY LENGTH Cmm) 

Figure 8. Length frequencit!S of the columbellid gastropod ~trella tub~osa (top) 
and all gastropeds (bottom) in the stomachs of oldsquaw from Kachemak 
Bay in winter. 

-------·------~------------------------
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CJLDSQUAW. Kachemak Bay 
Mac-.oma sp. • N = 206 

---- ------ ____ _a a 2 4 5 8 10 12 t4 16 t8 20 22 24 26 28 39 32 34 36 38 40 42 44 46 48 sa 

>- 39 w 
a::: 
a.. 25 
Ll.. 
0 

N 

1 

1 

5 

a a 

/~ Figure 9. 

69.4 % 

2 4 

OLDSQUAW. Kachemak Bay 
l~yti lua edul is. N = 432 

6 8 19 12 14 16 18 20 22 .24 26 28 30 32 34 36 38 49 42 44 46 48'"50 

PREY LENGTH Cmm) 

Length frequencies of the telli.Ild.d clam Macoma s-p. a.nd the blue mussel.· 
ii 

Mytilus edulis, in the stomachs of oldsqua.w from Kachemak Bay in rinte\.:.., 

_____ .,, _ ___, ___ ~--~~~-----~---·------------·-----------
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OLDSQUAW, Kachemak Bay 
Nuculana c. f. fosea. N = ~ 

-4- 6 8 10 12 14 ll6 18 20 22 24 26 2a 30 32 34 36 38 _40 _ 42 44 46 48 se ______ _ 

OLDSQUAW, Kachemak B~ 
Spieul<a polynyma. N = 107 

0 
a 2 4 6 8 1a 12 ·14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 se 

PREY LENGTH (mm) 

Figure 10. Length frequencies of the nuculanid clam Nuculana fossa and the 

.,/'""'""· mactrid clam ..§Eisula oolvn:vma ill the stomachs of oldsqua~~ from 
. _J Kachemak Bay in. winter. 
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OLDSQUAW, Kachemck Bay 
Gommarid amphipoda, N = 25 

8 10 12 14 16 18 20 22 24 26 2s 30 32 34 36 38 40 42 44 46 48 sa 

" 

OUJSQUAW, Kachemak Bay 
Aaunodytea hexapterva, N = 15 

/ 
,

r· 

3 
a u1 20 30 40 sa 6i~ 10 a0 90 100 110 120 133 140 1s0 163 110 1a0 190 200 

Figure 11. 

PREY LENGTH Cmm) 

Length frequenc:ies of gammarld amphipods (crustacea) and Pacific sand 

lance, Ammodvte~ hexapterus, in the stomachs of oldsquaw from 

Kachemak Bay in T.rinter. 
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Figure '12. ~onthly changes in the importance of major groups of prey (left panel) and crustaceans (right) 

/- in the diet of oldsquaw from Kachemak Bay in winter.' 

, ,! 
I 

I 

I w 
N 
I 



_J 

w 
> w 
_J 

w 
() 
z. 
~ 

.a: 
0 
()_ 

~ 

..... ,-

2 Total 
~ivalves 

OL-..1----A--'-----1---l--AI 

4r Nucula renuis 
Clam 

" 2f/ \!\ 
0' ·~ 

Mytilus edu/is 
Blue Mussel v-

r Nuculana fossa 

t Clam 

t/\ 1\ 
4r Glycymeris subdJsoleta • r Macoma sp. 

Bittersweet Clam Clam 

4 Ammoclytes hexapterus 
Pacific Sand Lance 
• 

4r rotal 
Gammarid 
Amphipods 

2 

J ' 

Oenopota sp. 
' 

Turban Shell Snau·· 

r 
Protothaca staminea 

Common 

[:\k~ 
Total 
Mysids 

) 

w 
([ 
()_ 

0 N __ o ____ --F=-MA -~r-oJ-F-tvri\ 0 o j ~ 
N=555561555561 5 5 5 5 6 1 

MONTH 

Figure 13. Monthly changes in the importance of bivalves (left panel) and miscellaneous prey (right) 

in the, Jliet ... ,pf oldsquaw from Kachemak Bay in winter. 
't ' '\ . 'I \,t 

r--· 

I 
w 
w 
I 



-34-

Food Weight as Percent of Body Weight. The weight of food in stomachs 
as compared to the weight of individual birds ranged from a 1 ow of 0.2% in 
November and February, to a high of 3.0% for a bird in March (Table 6). 
The maximum value was the result of 20· g of food in a 674 g bird. Average 
monthly values were very low, ranging f ran 0.45% (S.E. = 0.15) in April, to 
1.6% (S.E. = 0.32) in March, and wi~h an overall average for tne 28 specimens 

~of 1.0~ (S.E. = 0.19) (Table 6). Sixteen birds (57%) had values less than 
-r;o, and only four birds (14%) had values greater than 1.5. The oldsquaw, 

however, was the only species studied which had no empty stomachs. 
- / 

,.J 

.~~ Feeding Behavior and Feeding Habitats 

The locations of the olasquaw cQlle~tion sites (Figure 4) and the 
known habitats of their prey indic&te that oldsquaw fed benthically on both 
infauna and epibenthos (Figure · 14). The ol dsquaw were distributed mainly 
in the northern inner bay over mud/sand substrates, but they occasionally 
fed in shell debris and cobble habitats. With the exception of the sand 
lance and the various species of shrimp, the oldsquaws• prey are sessile, 
or only very weakly mobile. The birds• mode of capturing the sand lance 
may only be surmised, but it is possible that they captured these fish when 
they were buried in the sand (Meyer et al. 1979). Indeed, the preponderance 
of sessile animals in their diets may-indicate a l imited adaptation for 
capturing quickly moving fauna. · 

Net Body we~ght and Fat Index 

The net body weights of 15 male oldsquaw ranged from 753 g to 956 g 
and averaged 868 g; similar weights for 13 females ranged from 670 g to 888 g, 
and averaged 777 g (Table 7). An analysis of variance by the least squares 
method (1 and 16 degrees of freedom, F = 14 . 56) showed these means to be 
different at the 99% level of significance. A least squares analysis of 
variance also showed no significant differences in mean body weights among 
months. 

The fat index (Table 8; Figure 15) ranged from one to five for indiviqual 
birds. Monthly means ranged from a high of 4.2 (S.E. = 0.80} in November . 
to a low of 2.5 (S.E. = 0.50) in April with decreasing monthly values 
throughout these months. A one-way anlaysis of variance suggested a 95% 
probability of significant difference among the monthly means at ~he 0.5 
level (F = 2.28; p = 0.80). Figure 15 shows considerable overlap in standard 
errors for oldsquaw between November and December, and from January through 
April, with a break between December and January. This suggests that the 
birds were significantly fatter early in the wi nter than later. , 
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Table 6. Food weight as a % of net body weight for marine birds collected ~n Kachemak Bay, November 
1977 - April 1978. 

Species 

Old squaw 

White-winged 
Scolt:l.!/ 

November 
n X S.E. 
min - max 

5 0.7 0.22 
0.2-1.3 

1 2.5 

Black Seater 1 0.6 

Surf Seater 

Common Murre 

Pigeon 
Guillemot 

Marbled 
Murrclel 

December 
n X S.E. 
min - max 

5 1.0 0.24 
0.4-1. 7 

2 2.6 --
2.)-2.0 

1 o. 5 --

s 
6 1.6. 0.39' 
0. 4-2.9 

~/ Includes white-winged seater 

January 
n X S.E. 
min - max 

5 0.8 0.14 
0. 5-1.3 

14 2.1 0.21 
1.1~J.4 

9 1.0 0.21 
0.1-2.1 

1 0.8 --

6 1.6 0.66 
0.4- 3.7 

data for Feb. 77:n=2(2.5 and 0.7), X= 1.6 

I 

· t. I 

February 
n X S.E. 
min - max 

5 0.9 0.30 
0.2-1.9 

10 2.6 0.32 
0.0 4.1 

5 0.1 0.09 
0.0-0.5 

5 1. 7 o. 94 
0.0-5.3 

March 
n X S.E. 
min - max 

6 1.6 0.32 
0.8-3.0 

5 2.0 0.63 
0.6-~1 •• 1 

1 0.8 --

6 0.8 0.22 
0.0-1. 5 

1 3.1 --

3 3.0 1.8 
0.8-6.6 

A_£ril 
n X S.E. 
min - max 

2 0.45 0.15 
0.3-0.6 

5 2.1 0.63 
0.8-3.9 

1 o.o --

2 0.2 --

5 1.0 0.32 
0.1.-1. 8 

1 0.7 --

5 1.5 0.6 
0.4-3.2 

a/· 
Total-

n X S.E. 
min - max 

28 1.0 0.19 
0.2-3.0 

39 2.2 0.16 
0. 0-'· .1 

2 0.3 

4 0.4 0.14 
0.0-0.8 

31 1.0 0.14 
0.0-2.9 

3 1.5 0.64 
0.7-3.1 

19 1.8 0.42 
0.0-6.6 

) 
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EPIPEI.AGIC 
drift or awJ• within 
5 • of water colunm 

HIDWAl'ER 
drift or swim between 
epipelagic and demersal 

llt:Ht:IUiAI. 
drift o; uwlm wiLh!n 
a few m of bottom 

IDIDlli.!!!!£ 
lie, creep, crawl, or swim 
on or just above bottom 

IN FAUNAL 
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Table 7. Net of marine birds collected in I<;achemak Bay, Nove1nber J19n - April 1978. 
:f 

Males I Females Totals 

Species n X min max n X 
I 

min max .!!! 'x min max 

01dsquaw 15 868 753 956 13 777 670 888 28 826 670 956 

White-winged 29 1,917 1,388 2,128 101 1,732 1,566 1,946 39 1,869 1,388 2,128· 

Scoter a/ · 

Black Scoter 2 1,184 1,118 1,249 - 2 1,184 1,118 1,249 

Surf Scoter 3 1,152 1,038 1,223 1 1,053 4 1,127 1,038 1,223 

Common Murre 20 1,111 914 1,253 6 1}119 950 1,214 26 1,113 914 1,253 
I 

Pigeon Guil1emot 3 566 545 583 3 566 545 '583 Ul ..... 
!> I 

Marbled Murrelet 7 245 220 270 12 233 212 281 19 237 212 281 

a/ 
1 

All birds were in adult plumage, except for five (5) juvenile white-winged scoter!a collected in January; 
three males weighed 1,897, 1,936, and 1,966 g; two females weighed 1,704 and 1,762 g. White-winged data 
includes one each male and female collected February 1977. 
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Table 8. 
, . I·~ 

Fat indice~/ of marine birds collected in Kachemak Bay, Alaska, November ~977 ~-~pril 1978 

November December January February March April Total 
n X S.E. n X S.E. n X S.E. n X S.E. n X S.E. n X S.E. n X S. E. 

Species min ~· mau min - mau min - max min - max m:fn - mall" min - mflll" min - ma;ll: 

Old squaw 5 4.2 0.80 5 3.8 0.37 5 3.0 5 2.8 0.21 6 2.7 0.21 2 2.5 0.50 28 3.2 0.20 
1-5 3-5 3 2-4 2-3 2-3 1-5 

White-winged 2 3.0 14 3.1 0.13 10 2.6 0.13 5 2.8 0.37 5 2.0 3#./ 2. 8 0.11 
Scoter !!1 3 2-4 2-3 2-4 2 2-4 

Black Scoter .. 'l 1 I) 
.L " .J.. ' \ 

Surf Scoter 1 3 1 4 2 2.5 4 3_0 o. 35 

c 2-3 2-4 
I 
w • 00 

Common 6 4.0 0.26 9 3.2 0.22 5 3.2 0.20 5 2.6 0.24 5 2.8 0.37 30 3.2 0.15 I 

Murre 3-5 2-4 3-4 2-3 2-4 2-5 

Pigeon 1 3 1 2 1 'l 'l 2n3 0.27 " J 

Guillemot 2-3 

Marbled 6 3.0 5 2.8 0.20 5 2.2 0.49 5 2.2 0.20 21 2.6 0.15 
Murrelet 3 2-3 1-4 2-3 .1-4 

!!I 
Includes white-winged scoter data for Feb. 77:n=-2, both 4 ! 

I I 

' I ..• 
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Figure 15. Monthly changes in the mean fat index of marine birds in 
Kachemak Bay in winter. 
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WHITE-WINGED SCOTER 

Collection Si tes and Sample Sizes 

We collected 39 white-winged seaters (Table 2). In November and 
~ecember specimens were collected in the shall ow northern part of the inner 
!Jay, but during subsequent months we collect ed seaters only in the outer 

bay between Anchor and Bluff Points over water shallower than 18 m (Figure 
/ S). Two birds conected in February 1977 we re taken in about 40 m of water 

-· on the south s ide of the outer bay. The stomach of one specimen in February 
1978 was emp~y , but the remai~ing 38 bi rds (97%) had food in their stomachs. 

Food Habits 

White-winged seaters had a fairly dive rse diet, eating a minimum of 22 
species of p~ey (appendix Table 2) . There was one prey species in the 
birds collected in November and December, s ix species in the stomachs each 
month from February through April, and a hi gh of 12 prey species in January. 

Overall, bivalves (IRI=6,112) and gastr opods (IRI=l,SlO) dominated 
the diet of t he seaters, and polychaet e wo rms (IRI=l6), crustaceans (IRI=l6), 
and echinoderms (IRI=6) were of relati vely mi nor importance (appendix Table 
2) . The bivalves Mytilus edulis ( IRI =1 ,158) and Protothaca staminea 
(IRI=l ,996) were overwhelmingly the most important prey spec i es. The 
puppet margari t e snail, Margarites pup i llus (IRI=151), was relatively 
important canpared to the remaining prey, no ne of which had an IR I value 
higher than 60 (appendix Table 2). 

Monthly Changes in Prey Importance. Bival ves, and in some habitats 
gastropods, were consistently important in the diet of the seaters (Figure 
16). Other groups of prey were sporad ic i n t heir monthly oc:urrence. 
Mytilus was the only prey in the three birds collected in the shallow inner 
bay in Noven:ber and December (Figure 16). However, the mussels were in an 
advanced state of digestion , indicatiny t he possibility of t heir being . 
eaten elsewhere. The littleneck clam, Prot ot haca staminea, was consistently 
the most important prey of seaters collected in the outer bay from January 
through April. 

-
Two birds collected on the south side of t he outer bay i n Februa r; 

1977 had eaten mostly clams , Astarte rol landi and glycymeris subobsoleta. 
One of these birds contained a single Kenner ly's venus clam, Humilaria 
kennerlyi, plus sea urchin spines and fragme nts of barnacles . Differences 
1n prey species comoared to areas on t he north side of the bay probably 
reflect different species in the two areas, rat her than differences in prey 
selection • 
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Figure 16. Monthly changes in the importance of major groups of prey (left), and shrimp, crabs, and molluscs 

(righ~) in the' diet of white-winged seaters from Kachemak Bay in winter. · 4 
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Prey Lengths. The 1 engths of the prey eaten by \'lh ite-wi nged seaters 
ranged from common northern admete snails (Admete couthouyi) of 4 mm to a 
Nephtys polychaete worm of 105 mm (Table 9).. The average length of 103 
measurable prey pooled from all stomachs was 13.6 mm (S.E.=1.42) (Table 5). 
In contrast to the sub-10 mm size of the Mytilus eafE~ri - by the ~oldsquaw· , -- the __ _ _ 
three measurable M~ilus in the white-wings were in the 50-70 mm range 

~-(Table 9). Some 9% of the measurable prey i n the seaters were less than 
~ mm, although the occasional presence of bivalves (Mytilus and Protothaca) 

and the sna il Neptunea l~rata over 40 mrn in t he seaters shows that they are 
/ -able to take advantage o larger prey. _ 

Length frequencies of 28~ Margarites pupillus snails pooled from the 
stomachs (F i gure 17) indicate that tbose snai1s over 8 mm were adults 
within the maximum size range of 8 ,to 13 mm attained by the species (Abbott 
1974). In contrast, the length frequencies of 37 Gljcymeris clams (Figure 
17) are smaller than maximum size (about 25 mrn) for that species (Abbott 
1974). According to Feder and Paul •s (1980 ) data for Cook Inlet in general, 
G. subobsoleta eaten by seaters were 3 to 7 years old, with a median age of 
about 5. 

Food Weight as a Percent of Body Weight . The weights of food in stomachs 
as compared to weights of individual birds ranged from zero (empty stomach) 
in February 1978, to a high of 4.0% for one bird each in February and March 

___ _19_78 (Table 6). The latter bird, weighing 1,911 g, had ffl g of food in its 
stomach, the maximum observed in white-winged seaters. The average value -
for February 1977 was 1.6% (S.E.=0.9) , and t he average values from November 
through April were consistently in the 2.0% t o 2.6% range. The overall 
mean for the 39 birds was 2.2% (S.E.=O.l6). Only five birds (13%) had ~ 
values less than 1.0%. This, considered with the fact that only one bird 
had an empty stomach, suggests that the birds were consistently able to 
find at least some food. 

Feeding Behavior and Feeding Habitats 

The locations of collection sites (Figur e 5) and the known habits of . 
their prey suggests that seaters fed exclus i vely in benthic habitats, usually 
in areas with shell debris and boulder/cobb le substrates, but occasionally 
in sand/mud substrates (Figure 14). The distribution patterns of the birds 
observed by us and by Erikson (1977) i ndicate that white-winged sc_oters 
occur relatively infrequently in the shallow inner bay over sand/mud 
substrates. It thus seems possible that the seaters could have captured 
prey such as Macoma clams and Natica clausa snails, animals typical of 
sand/mud suJstrates (Keen and Coan 1974), in pockets of mud/sand amid the 
shell debris and cobbles typical of the shal low subtidal area of the northern 
outer bay (Dr i ske 11 and Lees 1977). -

The fairly wide range in prey sizes indicates that while seaters are 
able to selectively locate and sieze single large molluscs (to 105 mm), 
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Table 9. Total Lengths, in 10 mrn Incrementa, of all Measurable Prey from 37 White-winged Seaters 
Collected in Kachemak Bay in Winter 

Prey No. of Pre:t in Lensth ·Increment ~mm} 

~~£!£!L'"~'~ , .... 0-9 10-19 20-29 ]Q.-:12. 40-49 50-59 60-69
1 

100-109 
--~·· 

-"" ·~.,,,........__,..,._.,.,., 

l)Ol.YC:IIAETA 
Nephtya sp. 1 

GASTROPODS 
Adme te oou -tlwuyi 3 10 
Littoroina sp. 1 
Margaritea pupillua 25 3 
Natiaa olauaa 1 1 
Neptune a lyr•ata 1 1 1 
Oenopota sp. 1 

BIVAI.VIA 
A a ·tar•te roo Zzandi 2 ~ 5 
Glyoymeroia aubobaoleta 10 • 27 
Mya sp. 1 
fti!J ti lua edu Ua 1 2 
~otothaaa ataminea 2 1 1 

CRUS'fACEA 
Carwer• or•egonena·ia 1 

Jt:CHINODERMATA 
Stroongelooentrootua 

dr•oebaahienaia 1 

TOTALS 43 50 2 2 1 2 2 1 
Percent of Total 41.8 48.6 1.9 1.9 1.0 1.9 1.9 1.0 

I 

. ~. I "'·· \., 

J ' 

' '! 

Totals 

1 

13 
1 

28 
2 
3 
1 

7 
37 
1 
3 
4 

1 

1 

103 
100.0 

., .. ,. 

) 

I 
.p. 
w 
I 
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57.1 % 

WHITE-WINGED SCOTER, Kachemak Bay 
Margaritee pupil!~ N = 28 

2 4 6 8 19 12 14 16 18 29 22 24 26 28 39 32 34 36 38 49 42 44 46 48 50 

2 4 6 

WHITE-WINGED SCOTER, Kachemak Bay 
Glycymeris suOobsoleta, N = 37 

8 18 12 14 16 18 29 22 24 26 28 39 32 34 36 38 40 42 44 46 48 50 

PREY LENGTH Cmm) 

Figure 17. Length frequencies of the puppet margarite snafl, Margarites PUPillus 

f- and the clam Glycymeris subobsoleta in the stomachs of white-winged 

seaters from .Kachemak Bay in winter. 
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they'--probably use a certain amount of indi scriminant seiving through the 
substrate to capture smaller prey. There is likely little or no light in 
the feeding habitats of the seaters during much of the winter, which suggests 
that the birds may use a sense other than siqht to locate their food. 

__ _ __Net Body Weight and Fat Index 

!,.... .. ,\ 

--~ 
( -

-- Pooled net body weights of 29 male white-winged seaters ranged from 
1,388 g to 2~ 128 g, and averaged 1,917 g; similar weights of 10 females 
ranged from 1,566 g to 1,966 g, and averaged 1,732 g (Table 7). These 
averages were significantly different at the 99~ level, as determined by a 
least squares anaslysis of variance (df=l and 28; F=15.05). However, there 
were no significant differences in the rronthly mean weights of adult birds 
(t9tal n=34), nor of adults and juveniles combined (n=5, all collected in 
February), as determined by a least squares analysis of variance. 

Fat indices for 38 individual birds ranged from highs of four in 
January and March 1978, and February 1977, to lows of two each month from 
January through April (Table 8; Figure 15). A one-way analysis of variance 
indicated la-rge differences in fat index a100ng the six roonthly means at the 
.05 level of significance (F=5.97; p=0.0005). The results of a Duncan's 
multiple range test to determine which month( s) varied significantly from 
the other(s) are summarized below: 

Mean, ranked Means connected by same letter 
Month N in descending order are not statistically different 

Feb 1977 2 4.00 A 

Jan 1978 14 3.07 A B 

Dec 1977 2 3.00 A B_ c 

Mar 1978 5 2.80 B c 

Feb 1978 10 :2.60 c 
II 

Apr 1978 5 2.00 D 

These results show that the fat index fluctuated, though decreased 
throughout winte~ and early spring, and culminated with a value for April 
that was significantly lower than any other month. 

---~·------~---~-------

/ ;. 
'·-
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j BLACK SCOTER 

__ ./ 

We collected one black seater each in November and April on the north 
side of the inner bay (Table 2; Figure· 18). Only the November bird contained 
food, consisting entirely of blue mussels, Mytilus edulis (appendix Table 
3). The Mytilus weighed 6.8 g, or 0.6% of the body weight (1 ;118 g). The 

~M*tilus were well digested, so the ·seater possibly ate them elsewhere than 
---t e area of sand/mud substrate over which it was collected. --

/ Both black seater specimens were males. The bird collected in November 
_./ had a net body weight of 1,118 g (Table 7), its stomach contents weighed 

0.6% of the net body weight (Table 6), and the amount of body fat was 
undetermined (Table 8). The"bird collected i n April weighed 1,249 g (Table 
7), its stomach was snpty and it h~d"a fat index of two. 

SURF SCOTER 

- - - -We-collected one surf seater in the outer bay in March, anc:Lin..the... - --- - ----- -
inner b~y, one__i_n_December and two in April (Table 2; Figure 18). Only the 
December and March specimens had food in thei r stomachs, erie of the-April -- - - -- 
bird's stomach was empty and the other had only unidentifiable remains. 

The surf seaters ate a minimum of seven prey speciei-(appendix Table 
3). The December bird had two polychaetes, two clams and a shrimp, and the 
March bird had one gastropod, and a clam di fferent from the above two. 
The polychaete Nephtys and unidentified bival ves were the most important 
prey. The bivalve Mytilus was conspicuousl y absent in the stomachs of the 
surf seaters. 

The weight of the stomach contents ranged from '0' (empty) to 0.8% of 
net body weight, and averaged 0.4% (S.E.=O.l4) (Table 6). The net body 
weight of three males ranged from 1,038 to 'I ,223 g, and a female collected 
in April weighed 1,053 g (Table 7). The fat index of the four birds ranged 
from two to four and averaged 3.0 (S.E.=0.35) (Table 8). 

COMMON MURRE 

Collection Sites and Samcle Sizes 

We collected five to nine common murres each month from December to 
April for a total of 31 specimens (Table 2)a All specimens were taken in 
water deepe r than 18m on the south side of the inner bay, generally between 
Halibut cove and Glacier Spit (Figure 6). Twenty-eight birds (90%) had 
food fn-tfi"eir- stomachs. -- - -- ---- - - -- -- - -- ---
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CCt.LECT1Cf\J SITES 
FCR MARINE 81ADS 
t'Ov. 'Tl- APR '78 
o: SURF scorER 
A.= 8LAO< SCOTER 

' ' 

•= RGECN Q.JU.EMOT 

152~ 45' . 30' 15' 

Figure 18. Collection sites of sl.lZ'f and black seaters, and pigeon 
guillemots. Letters indicate month of collection. 
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J Food Habits 

Crustaceans dominated the diet of the murres. Fish were relatively 
less important, and a trace of polychaetes was present . in one bird. Five 
species of crustaceans contributed to an ove r all IRI of 6, 944, while five 
species of fish accounted for an IRI of 417 (appendix Table 4r. Overall, 

~.the murres are a minimum of 11 prey· species, although the mi nimlim number of 
---,rey in a given roonth fluctuated between three and five (Appendix Table 4), 

probably indicating varying differences in pr ey availability. 
/ 

_/ With a total IRI of 5,200, the most important prey species was the 
mysid shrimp, Neoitsis rayi{, followed in descending order of IRI values by: 
Pink shrimp (Panda us berea ts), 398; walleye pollock (Theragra chalcograrrma), 
117; capelin (Mallotus vilosus); 22;~and Pac i fic herring (Clupea harengus), 
20 (Appendix Table 4). Pandalid snrimp as a group (including P. borealis, 
f.. goniuris, f.· sp., and unidentifiably pandal ids) were relatively 1mportant 
with an IRI of 1,049. Considering the predominantly piscivorous feeding 
habits of common murres elsewhere (Ainley and Sanger 1979) the preponderance 
of crustaceans in the diet of the Kachemak birds was unexpected. 

~Prey Lengths. The lengths of the measurable prey pooled from the murre 
stomachs ranged from Neom,sis mysids of 31 mm to a walleye pollock of 179 
mm, and the mean of all 1 4-prey was 44.6 mm (S.E.=l.67) (Table 10). Eighty
seven percent of the prey, all ' except one a crustacean, were 1 ess than 50 
mm, while only 4% of the prey, all fish (one Lumoenus and the remainder 
pollock) were over 100 mm (Table 10). 

Nine measurable pandalid shrimp ranged from 40 to 80 mm (mode about 55 
mm). One-hundred-fifty-one Neomysis rayii accounted for 87% of the measurable 
prey. Their lengths (Figure 19) ranged from 31 to 52 mm, with a mode of 
about 39 mm. 

Monthly Changes in Prey Importance. Crustaceans were consistently 
important to the murres (Figure 20) ~ Neomysis was particularly important 
in December and January, but was not eaten thereafter when pandalid shrimp 
were important in the murres• diet. This relationship is particularly . 
noticeable in the percent of the monthly aggregate volume comprised by these 
two kinds of crustaceans. Summarized from Appendix Table 4, these data may 
be compared : 

' 



. 
'fable 10. Total lengths, in 10 nun increments, of all measurable prey from 28 conunon murres collected 

in Kachemak Bay in winter. ! 

No. of Prey in Length Increment (nun) '· Prey 
~Eecie~-------r----- 30-39 40-49 50-59 60-69 70-79 80~89~ 

CRUSTACEA 
Neomyaia rayii 
Pandalua borealis 
P. goniuria 
Crangon franoiaoort~ 

FISH 

2_1 

Mallo tua v·llloaua 
Unid. Osmerid I 
'l'lwragr•a ohaloogrr.u{~a !! 
Lumpemw !llacm la tuu2 

TOTALS 
Percent of Total 

98 

, ___ _ 
98 
56.3 

52 

1 

1 

54 
31.0 

1 
5 

6 
3.4 

Six T. cha1cogramma in length increments, as follows: 
1.110-119; 1.120-129; 2.130-139; 1,150; 1.170-179 . 

. I.!.. I 
One I.. maculatus :In 100-109 inurement 

I 

I~. I 

('"''"\ 

...... 
\ 

't 

2 

1 

2 

5 
2.9 

1 

1 

2 
1.1 

1 

1 

2 
1.1 

Totals 

151 
8 
1 
3 

1 
3 

167 

I 
.f;-
1.0 
I 

. 4 
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COMMON MURRE. Kcchearak Bay 
Neomyaie ~ii, N ~ 151 

0a 2 4 6 8 10 12 14 lfi 18 20 22 24 26 2fl 30 32 34 36 38 40 42 44 46 48 sa s2 

PREY LENGTH Cmm) 

Figure 19. Length !requencies of the mys~d crustacean Neomvsis ravii in the 

stomac.'ls of common murres from Kachemak Bay in -w-inter. · 
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Figure 20. Monthly changes in the importance of fish (left) and crustaceans (right) in the diet of 
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N Percent of A99re9ate Volume 
Month Bi rds NeomJ::S is raJ::ii Panda lid ShrimE 

December 6 73.0 0 

January 9 75.9 l. 3 -

~-· 

February 3 0 54. 4 

_/ March 5 0 70.2 
~ 

' 
- - · · - · ·-- ----- - -----AI- "T 5 0 ----s-8-:-o----- - -- -- - - ·- ·--- - -pn 

Despite the fact that the murres ate mysids only in December and 
January, they were still the most important prey overall. Although Neyomysis 
occurred in only 39% of the birds, they compri sed 83% of the aggregate 
numbers of prey and 49% of their aggregate volume (Appendix Table 4). 

Fish were also consistently present in the diet of the murres, but 
were generally 1 ess important than crustaceans (Figure 20 ) • There was no 
pattern apparent in the monthly occurrence of any one species of fish. 
Total clupeids (including Pacific herring) occurred only in December, 
capelin only in December and January, and walleye pollock in December, 
January, and April. 

Food Wei ht as a Percent of Bod Wei ht. The weight of stomach contents 
ranged from •o empty stomach for two birds in February and one in ~arch, 
to a maximum of 2.9~ of net ·body weight for a bird in December, and averaged 
1.0% (n=31, S.E.=O.l4) (Table 6). The maximum value was the result of 36 g 
of food in a bird of 1 ,224 g. Seventeen (55%) of the birds had values less 
than 1.0% of body weight and only four (13~) had values of 2.0~ or greater. 

Feedin9 Behavior and Feeding Habitats 

Murres feed by pursuit diving (Ashmole 1971). The locations of their 
collection sites (Figure 6), and the known habi ts of their prey indicates 
that the bi-rds probably fed over rock substrates at depths ranging from 
midway in the water column to or very near the bottom (Figure 21). The 
murres• principal prey, mysids and pandalid shrimp, typically occur at 
demersal or epibenthic depths, but the occasion al occurrence of pr·ey such 
as herring and capelin in their diet indicates that the murres probably fed 
part of the time at mid-depths in the water column. 

Net BodJ:: Weight and Fat Index 

Least squares analyses of variance showed no significant difference 
between mean weights of 20 male and six female murres and between mean 
monthly weights. Weights of individual birds ranged fran 914 g to 1,253 g_, 
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___ J _____ and averaged 1,113 g for al 11 26 birds (Table 7). 

The fat index (Table 8~, FigurelS) ranged from two to five--fo·r· indivfdual 
birds, and averaged 3.1 (S.E.=O.lS) for all birds. A one-way analysis of 
variance revealed significant differences between monthly means at the .OS 
level (F=4.68; p=0.0056). Inspection of the fat index data for the common 

~murres suggests that fat indices declined fr·om December through March. 

PIGEON GUILLEMOT 

./ __ , 

We collected three pigeon guillemots--one on the north side of the 
inner bay in January, one on -the north side of the o_uter bay in March, and one 
on the south side of the inner bay f'n April {Table 2; Figure 18). All 
three birds_ had food in the·ir stomachs. 

Food Habits 

Together the guillemots ate a m1n1mum of nine species of prey, including 
at least one polychaete, seven crustaceans, and at least one fish (Appendix 
Table 5). No one prey species occurred in more than one bird specimen, 
perhaps because each was collected in a different part of the bay. 
Unidentified fish and unidentified crabs were found in two of the birds. 
The shrimp together comprised 81% of the ag9regate prey ~1 ume. The shrimp 
were dominated by Pandulas _goniuris, which accounted for 501. (IRI=2,832) of 
the aggregate volume of all prey, and by Crangon septemspinosa, which 
comprised another 261. of the volume (IRI=l ,6'93) (Appendix Taole 5). 

Although the limited sample size prevents speculation about the 
guillemot's preference of substrates for feeding, the kinds of prey suggests 
that they fed at demersal and epibenthic depths. 

Weight of the stomach contents for the three birds was 0.7%, 0.8%, and 
3.1% of the net body weight, and it averaged 1.5~ (S.£.=0.64) (Table 6). 

Prey Lengths. The lengths of 15 measu·rable prey pooled from the · 
guillemots ranged fran 17 to 66 mm, and averaged 28.3 mm (S.E.=2.94) (Tables 
5 and 11). Seventy-three percent of the prey were less than 30 mm. 

Body Measurements 

Net body weights of the three birds, all males, were 5~5, 571 and 583 g, 
with an average of 566.2 g (S.E.=9.2) (Table 7). Fat indices (n=3) were 
·either two or three, and averaged 2.3 (S.E.=0.27) (Table 8). 
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Table 11. Total Lengths, in 10 nun Increments,' of all Measurable Prey from three 
Pigeon Guillemots Collected in Kachemak Bay in Winter 

Prey 
Species 1 

CRUSTACEA 
Mysids 
Pandalua goniuPia 
Crangon aeptemapinoaa 
Soleroorangon alata 

TOTALS 
• Percent of Total 

, 

I 

'~., 

10-19 

1 

1 

2 
13.3 

No of Prey in 
20-29 

6 
2 
1 

9 
60.0 

Length Increments (nun) 
30-39 

2 

1 

3 
20.0 

60-69 

1 

1 
6.7 

.... 

Totals 

1 
8 
3 
3 

15 

I ' 

J 
'! 

) 

I 
lJl 
lJl 
I 
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MARBLED MURRELET 

Collection Sites and Sample Siies 

We collected 21 marbled murrel.ets (Table 2), six of them-in the shallow 
~water of China Poet Bay in January and five each month thereafter in the 
-;nner bay in water deeper than 18 m (Figure 7). Twenty (95%) of the birds 

had food in their stomachs. 
/ 

..... J 

- Food Habits 

Marbled murrelets had tne least..diverse diet among the four primary 
species studied (Appendix Table 6), The numbers of prey items in the 
stomach samples ranged from at least six in February to two in Arpil, and 
the total number of prey species for the entire study period was at least 
eight. Total numbers of prey items are uncertain because gammarid amphipods 
were not identified to species. 

Marbled murrelets ate only fish and crustaceans and, except for 
February, fish was the most important category of prey in their diet 
(Appendix Table 6). Capel i n (IRI about 3,000) was by far the most important 
prey species. Sand lance, the euphausiid Thysanbessa raschii, and 
unidentifiable mysids were equally important, with IRI's~f about 400. 
The mysids were unidentifiable, but they may have been juvenile Neomysis _ 

- -- -- rayii, the species eaten by canmon murres. The low IRI •s of walleye pollock, 
the euphausiids T. inermis and T. soinifera, and gammarid amphipods reflect 
their minor importance to the murre,ets. Amphipods occurred in their diet 
only in February. 

Prey Lengths. The lengths of the prey eaten by the murrelets ranged 
from 4 mm Thysanoessa euphausi ids, to a 135 mm sand lance (Table 12), and 
the mean length or all prey (n=l38) pooled from all stomachs was 26.3 mm 
(S.£.=2.02) (Table 5). About 66% of the prey, mostly crustacea, were 10-
to 19-mm, and another 285, mostly fish, were between 20- and 59-mm (Table }2). 

Length frequencies of capelin (Figure 22) and sand lance (Table 12) 
suggest the presence of 0- and 1-year classes, with the younger fish 
predominating. The euphausiids (Thysanoessa raschii) eaten by th~ murrelets 
ranged from 10 to 22 mm, with a mode of about 14 rran t Figure 23). The 
lengths of the mysids eaten by the murrlets (Figure 23) ranged from 10 to 
40 mm, and may suggest the presence of at least two or three year classes. 

A 1 though the average 1 ength of all me as urab 1 e prey of the murre 1 ets 
was about 26 mm (Table 5), the modal length increment was 10 to 19. Prey in 
this length increment were mostly euphausiids, wi th some mysids and 
amphipods. The modal length increment of the measurable fish from the 
murrelets was about 40 to 49 mm. These length s are similar to lengths of . 
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Table 12. Total lengths, in 10 mm increments, of all measurable P,rey from 18 marbled murrelets 

collected in Kachemak Bay in winter. 

Prey 
Bp~t:les 

No. of Prey in Length Increments (mm) 
0-9 10 19 20 29 30 39 

I!'ISII 
Mallotua villoau~l b 
Ammodytea hexapterua _I 
Unid. larvae 

CRUSTACEA 

!!I 

Gammarid Amphipods 
Mysids 
1'hyaanoeaaa inel'mia 
T. raaohii 
2'. Hpinifera 
T. sp. • 

TOTALS 
Percent of Totals 

1 

1 
o. 7 

3 

6 
16 

1 
42 

23 

91 
65.9 

1 

1 
1 
2 
2 

7 
5.1 

Plus six n. villosus in length increments as follows: 
2,60-69; 1,70-79; 1,80-89; 1,90-99; 1,100-109. 

b/ 
-Plus two A. hexapterus in length increments as follows: 

1,100-109; 1, 130-1'38. 

I 

' •. , 

2 
2 

4 

8 
5.8 

40 '•9 

6 
9 

15 
10.9 

50°59 

8 

8 
5.8 

I ' 

Totals 

17 
11 

3 

~ 
IJ 

21 
2 

44 
2 

24 

130 

' ~· 

) 

I. 

I 
U1 
...... 
I 
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MARBLED MURRELET. Kache.ack Bay 
Mallow. vi lloeua. N = 23 

PREY LENGTH (mm) 

Figure 22. Length frequencies of capelin, ~llotus villosus, in t:he stomachs of 

marbled munelets from Kachemak: Bay in winter. 

! 
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MARBLED MURRELET. Kache.ak Bay 
Thy11an0~ 1"'08Chii. N = 44 

2 4 s 8 1a 12 14 16 1a ~ 22 24 26 zs 30 32 34 36 38 4a 42 44 46 48 sa 

22 

15 

0a 2 4 a 

MARBLED MURRa.£T, Kachea~ak Bay 
Total My•idacec. N "" 21 

PREY LENGTH Cmm) 

Figure 23. Length frequencies of the euphausiid crustacean Thysanoessa raschii ~ 

L and mysid crustaceans in the stomachs of mar:,led murrelets from 

Kachemak Bay in 'ltin te r. 
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prey of marb-ed murrelets off British Columb·ia during the breeding season 
(Sealy 1975). 

Monthly Changes in Prey Importance. The small sample sizes (3 to 6) 
preclude statist ica1 inferences about monthly changes in the importance 
levels of prey, but some interesting trends are suggested. The prey 

~roportance levels of capelin and sand lance (Figure 24) appear to vary in 
-rnverse proportion, a possibility also suggested for total mysids and total 
euphausi ids. , The prey importance levels of both total fish 
/ and total crusta.cea remained consistently high 

_ --·---=-~Jthr_~t; 9LfQY.!:) from January through Apri 1. ..,... _____________ , _________________ _ 

Food Weight as a Percent~of Bodx Weight. Food weight ranged from 0 
(empty stomach) for one bird in February, to a maximum of 6.6% of net body 
weight for· a bird in March (Tab 1 e 6). The latter value resulted from 15 g 
of food in·a 228 g bird. Ave!rage values were low, ranging from 3.0% (S.E.=l.8) 
in March to 1.5% (S.E.=0.6) in April. Twelv-e birds (67~) had values less 
than 2.0% and only five birds (285) had values greater than 5.0%. 

Feeding Behavior and Feeding Habitats 

The 1 ocat ions of the murrel et collection sites (Figure 7) and the known 
habits of their dominant pre!y species (capelin, euphausi ids) suggest that 

..-, the birds fed rrostly over rocky habitats, at mid-water d~hs. However, 
the presence in their diet of sand lance, gammarid amphipods, and mysids 

~'"""'· 
I ' 

shows that tne murrel ets spe!nt some of their time feeding in epi benthic/demersal 
habitats (Fi~ure 30). 

Net Body Weight and Fat Inde!x 

There were no significant differences in overall mean weights of seven 
males (245 g) and 12 fenales (233 g) (Table 7) nor among monthly mean weights 
of both -sexes ccmbined, as determined by least squares analyses or variance ... -· 
Weights of individual birds ranged from 212 to 281 g. 

The fat index (Table 8;; Figure 15) ranged from one to four for. indivi.dual 
birds, and averaged 2.6 (S.L=O.lS) for the 21 birds sampled. A one-way 
analysis of variance between the monthly means indicated no significant 
difference at the .05 level (F=2.43; 0=0.10). This suggests that ~here 
was little change in the nutritional state of the murrelets throughout the 
study. 

! 
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4 .-A Arrmodytes hexapterus 4 
_J Sand Lance • • • • w 
> 2 Total 2 Total 
w Fish Cru!:llacea 
_J 

0 0 w 
0 4 Total 0 Mallotus vilbsus 4r Thvsanoessa raschi1 

z Osmeridae Capel in 
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Euphausiid 

2 \; ~ 2 

~ Total (( 
Euphausiids 0 
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2 4 Theragra chalcogramma 
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Figure 24. 'Monthly changes in the importance of fish (left) and crustaceans (right) in the diet of 

ma,r\>led ,,murrelets from Kachemak Bay in winter. 
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RESULTS -TROPHIC RELATIONSHIPS 

Table 13 lists and compares the importance levels of all of the prey 
taxa for the seven species of birds we studied. In sum, the birds ate a 
minimum of 79 prey species which occurred in eight phyla, including one 

_protozoan (fJraminifera), 12 polychaetes (annelida) in 10 families, 29 
~olluscs, in:luding 16 gastropods and 13 bivalves, 25 crustaceans (arthropoda), 

one sipunculid, one ectoproct, four echinodenns, and six fishes. 

_.~/ Forty-seven (66%) prey species occurred in only a single species of 
bird, and 19 (27~) occurred in only two .species. Only five (7%) of the prey 
species occurred in three species of bi rds, and none were found in four or 
more species. A general rule seems to be that if a species of prey was . 
eaten by more than two bird species, it was a major prey of at least one. 
In contrast, if a prey species was eaten by only one bird species, it was 
of minor importance. Each of five prey species eaten by three bird speci"es 
were of major importance to at least one of the birds. ~ edulis, 
eaten by old.squaw, white-winged seaters, and black scoters-[n=l), was a 
major prey of white-wings; mys ids were important to both murres and murrel ets; 
humpy shrimp (Pandalus goniuris) was a major prey of pigeon guil.Jemots; and _ __ _ 
sand lance was a maJor prey of oldsquaw. 

Table 14 lists the principal prey species of the bird canmunity and 
indicates their probable habitats. A certain amount of conjecture (noted 
above) was used to assign "probable .. habitats to many nektonic prey, but we 
believe this assessment is essentially correct. We arbitrarily classified 
an animal as a "principal 11 prey if it had a prey importance level of at 
least two (IRI=lOO) in one or more of the bird species. This assessment 
suggests a major conclusion about the trophic structure of the bird community: 
The overall diet of the birds is dominated by benthic and demersal fauna, 
of which most are filter- or deposit-feeders. 

A detailed analysis of the trophic structure of the bird community is 
beyond the scope of this report. Nevertheless, it is reasonable to assume 
that the lower trophic levels of the Kachemak Bay ecosystem are similar 
to those ty~ical of detrita l food chains in other coastal marine ecosystems 
(Tenore 1977). That is, organic detritus--microbenthos (animals less than 
0.1 mm)--meiobenthos (animal s 0.1-1.0 mm)--macrobenthos (animals greater 
than 1 mm)-=fish. 

' In Kachemak Bay, starfish are apex predators along with fish and birds 
(Dennis Lees, personal communication). However, it is difficult to state 
precisely the trophic level(s) at which a bird species feeds because the 
nature of the links aroong the microbenthos and meiobenthos are -virtually 
unknown. The filter- and deposit-feeding animals comprising ~ost of the 
prey of the bird community could feed on any of these kinds of animals, and 
also directly ingest the bacterially enriched detritus. Thus, depending on 



Table 13. 

-63-

The relative :import.ance of 79 species of prey to seven species 
of marine birds in Kachemak Bay, Alaska in winter. The impor
tance categories are based on the Index of Relative Importance 
values of the prey species, as follows: + = 0-9; 1 = 10-99; 
2 = 100-999; 3 = 1,000 and up. 

----------
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.... -\ 

BIRD SPECIEs!./ 

OLSQ wwsc BLSC susc COMU PIGU MAMU 

Number of Specimens 28 39 2 4 31 3 21 
Number wi.t:h Prey 27 • 37 l 2 . 28 3 18 

Lumbrineridae 
-

~·· 

Lunrbrinereis sp. + 

/ Pectinariidae 
~,J· 

Peatin.aztia sp. 1 

" 
Ampharetidae 

Amp7uz:raete sp o + 

~----- -- Unidentified + 

Terebe11idae 

Unidentified 2 

"""" ' . 
MOLLUSCA 

Gastropoda (Snails & allies) 
Unidentified 1 2 

Limpet species + 

Trochidae 

Margari tes pupi ;~ Zus 2 

Ma:r.gari tes sp o 1 

Lacunidae 

Laauna. va:riegata 1 + 

Lacuna spo + 

Littorinidae 

Li ttorina sp o + 

-·--~~--.,-------------------
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~----, OLSQ WWSC BLSC susc COMU PIGU MAMU -
..... ~ ... 

.Rissoidae 

A Zvina compacta 1 

Cerithiidae 

i Cerithiopsis sp. + 

Trichotropidae 

TriahO"tropis aance Z lata l 

Naticidae 

Natica alausa + 1 

Muricidae 

Trophonopsis paaifiaus + 

Pyrenidae 

MitreZZa. tu.herosa + 
_,.-·,, 

Neptuneidae 

Nept;-o.mea Zyrata + l 

Nept;-o..cnea sp. 1 

Cancellariidae 

Admete c:outhouyi + 1 

Turridae 

" Oenopota sp. 2 

Unidentified + 2 .r~ 

/ 

Pyramidel.lidae 
.. ..-. 

Odos-tomia + sp. -

_Ag.lajidae 

Agla.ja diomedeum + 
'.~~ ....... -.. 

·-------------------------
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-~~ OLSQ wsc BLSC susc COMO PIGU MAMU - -
) Ret:usidae 

F.etusa sp. + 

Oncl:idorididae 

- Cn.ahidoris bi lame Z Zata 1 
~-

Bivalvia (Clams and m~ssels) 

-'/ 
Unidentified 1 2 3 -·"' 

Nuculidae 
\1 

lfuauZa tenuis 2 2 

Nuculanidae 

NuauZa:na c.f. fossa 2 

Glycymerididae 

GZyaymeris subobsoZeta 2 1 
<·I 

~-' 
GZycymeris sp. + ~ -

Myt:::.lidae ~ 
~ 

MytiZus edu.Zis 2 3 3 

Mont:acut:idae 

OI'obit2ZZa sp. + 

Astartidae 

Astarte roZZan.di + 

Carciiidae 

CZ inocxet>dium sp. + 

Mac:ridae ' 
SpisuZa ?Oiynyma 2 

---····------------------------
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-- OLSO wwsc BLSC ' SUSC ~ PIGU ~ - -
""':-. 

Tellinidae 

Macorrr:z baZ.thiaa + 

Mac:oma sp. 2 1 

Veneridae 

Sa--idorrrus gig em tea + 2 

Psephidia Zordi + 

Prototha.aa staminea 1 3 2 

Unidentified 1 

Myidae 

My a sp. 1 + 

CRUSTACEA (Phylum Arthropoda) 

,,...-•.. , Cirl:'ipedia (Bazrnaa Zes) 

Un:i.dentif:i&d + + 

Mysida (Opossum shrimp) 

Neorrrysis rayii 3 

Unidentified + 2 2 

Cumacea 

I.amprops sp. + 

Unidentified + 
/_,.-

Isopoda ("Pill bugs") 
....... -

Gnoritnosphaerom::r.. + 
QI'eqonensis 

_______ , ______________ _ 
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Table 13., Cont'd, p. 7 of 9 

"'~ r ' 

.. \'. 
OLSQ wwsc: BLSC susc COMU PIGU MAMU - -

Thsc.noessa sp. 2 

Unidentified 
1 

Decapoda Natantia (Shrimp) 

Spirontoaa::t>":s spina + 2 

EuaZ.us fczhr":,ci i 1 

EuaZus sp. + 

PandaZu.s boreal-is 2 

Pan.daZu.s goniurus 1 + 3 

Panda.Z.u.s jordani + 

PandaZu.s sp. + 

Unidentified pandalidae + 1 

/"\ 
Cztanqon septemspin.osa 1 3 

~ 

Crangon ftcr:rr.cis co rum 1 Ill 

~ 
A 

Crangon sp. 2 

Sa Zeroarcmgon aZa·ta 2 

Unidentified + + 1 1 

Decapoda Reptantia (Crabs) 

Hyas Zyztai7..LS 1 

" 
Car.cer :Jztegonensis 1 3 

Cancer sp. 1 
,· 

/.~ 

Unidentified 1 2 

•. ...:M 
-

~--···-···-------------- ---------------------------------
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OLSQ WWSC" BLSC susc COMU PIGU MAMU 
~ 

J SIPUNCULA (?eanut Worms) 

SipuncuZus sp. + 

ECTOPROCTA (Bryozoans) 

- Miaroporina bo!'eaZis ~ 
'!!""" 

ECRINODEBMATA 

// Ophiuro:idea (Brittle St:ars) 

OphiophoZis ac'..t.leata -# 1 

AmphiphoZis pugeta:na '+ 

Unidentified 1 

Echinoidea (Sea Urchinls) 

St-Poro{Je Zoaen:t;rotus 
droebachiensis + 

(~' 
Unidentified + + 

Holothuroidea 

Unidentified + 

OSTEICH'JiHYES (Bony Fish, Phylum Vertebrata) 

Unidentified + 1 2 2 

Clupeidae (Herr....ng) 

CZupea ha:r>erlf!US 1 
(?acific Herring) 

Osmeridae (Smelts) 

MaZZotus viZZoS"....B 2 3 
(Capelin) 

! 

Unidentified 1 + 

· ... \. 

------~-,------------------
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Table 13. Cont'd, p. '9 of 9 -71-

OLSC wwsc BLSC -susc COMU PIGU MAMU 
"~~-

Gadidae (Cads) 

Therag:!'a ahatcogramma 2 + 
(Walleye Pollock) 

Unidentified + + 

Cottidae (Sculpins) 

Unidentified + 

Stichaeidae (Pricklebacl~:s) 

Lumpen:us '!'!'1tlC'U ta:tus + 
(Daubed Shanny) 

Unidentified + 

Ammodytidae 

Ammodytes he:capterus 3 + 2 
(Pacific Sand Lance) 

" 

Footnotes 

_!/Bird Speci.es: OLSQ = Oldsquaw; wVSC = White-winged Seater; BLSC = 
Black Scotar; SUSC = Surf Seater; COMU = Common Murre; PIGU = Pigeon _.-
Guillemot; ~~ = Marbled Murrelet 

b/For gammarid amphipods, "P11 indicates animal was present, but volume, 
numbers, or frequency of 1:>ccurrence were undetermined. 

___ ,_, ______ --r-·-~---------,-------------------

\ 
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at 
~· - Taole 14-: · Probable habits of the main prey species of marine birds in .... 

Kachemak Bay in win.ter. Prey species are included if they 
have an importance level of 2 or 3 :in at least one bird species. 
species. ? = Uncertain of habitat. 

Pr_ey Importance 
::,:_Level Prey Speci.es and Their Probable Habitats 

/ 
/ 

3 

2 

SURF ACE I EPI:PE:LAGIC 

' Capelin 

Thysanoessa :~asahii 
(Euphausiids) 

*****************************~:************************************************** 

3 

2 

? Neomysis rayi:i 
(Mysids) 

Thysanoessa rasahii 
(Euphausiids) 

MIDWATER 

PandaZus goniuris 
(Humpy Shrimp) 

Pandalus boreaZis 
(Pink Shrimp) 

Capel in 

Walleye Pollock 

Sandlance 
******************************************************************************* 

3 

2 

? Neomysis ray1.:i 

Spirontoaaris spina 
(Shrimp) 

.DEMERSAL 

PandaZus goniuris 

Par~Zus boreaZis 
(Pink Shrimp) Walleye Pollock 

Sandlance 

****************************''c************************************************** 

·---------------~----------·--------~------·--------------------------------------------
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Table 14. . Continued 

EPIBENTHIC 
- - -· - - - - - - - - - - - - - -

3 

---MUd/Sand -

~rangon septe.mspinosa 
(Sand Shrimp) 

·----------------------------

- - - - - - - - - - - - - - -
cancer oregonensis 

(Red Rock Crab) 

Boulders/Cobbles 

2 

Mud/Sand 

Sandlance 

Oenopota 
(Turrid Snail) 

Sc Z.erocrangon a lata 
(Crangonid ~hrimp) 

Shell 

Myti Zus edu Us 
(Blue Mussel) 

Neomysis rayii 
(Mysids) 

l~garites pupiZZus 
(Puppet Margarite Snail) 

Spirontocaris spina 
(Carid Shrimp) 

Gammarid·Amphipods 

MytiZus eduUs 
(Blue Mussel) 

*******************************'*************~************************************** 

3 
Mud/Sand 

INFAUNAL 

~otothaca staminea 
1_ _ (Common Littleneck Clam) . 

Shell Debris 
NucuZa tenuis 

(Clam) 
NucuZa foss Mud/Sand 

(Clam) 
GZycymeris suhobsoZeta 

(Clam) 

- -~--

<;Protothaca staminea k~ 
~ (Common Littleneck Clam) 

Spisuia po Zynyma 
(Clam) 

Macoma sp. 
(Clam) 

Gammarid Amphipods 

c· 

c 

--------------·-------------
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!/.....-...., 

f which of these links are present in the food web of Kachemak Bay, a bird 
species may function as a .f·irst-to fourth-or·der carnivore. 

With these points in mind, it is ~ossible to depict the ecological 
-------~ocesses and energy pathways probably operating at·-the--base--of--.ttle-tr.o!Jhic ---------

structure of birds wintering in Kachemak Bay (Figure 25). These processes 

(~ 

·,~..-..., 

~and pathways may be summari:zed as roll ows: 

1. Stocks of kelp around the southern perimeter of Kachemak Bay and 
../ in Kennedy Entrance grow intensively in spring and summer, before 

-·" and during the period when phytoplankton stocks in Kachemak Bay 
and adjacent lower Cook Inlet also bloom intensively; -

2. Fecal pellets produced by zooplankton grazing on phytoplankton, and 
the abrasion and seasonal 'die-off of kelp both produce a rich 
source of organic detritus; 

3. Ocean currents car·ry the kelp detr·itus from Kennedy Entrance into 
Kachemak Bay; 

4. At some point in this sequence, bacteria colonize the detritus; 

5. The microbially-enriched detritus supports a rich canmunity of 
de!losit- and filte!r-feeding demersal and benthiG-fauna, probably 
via one or two trophic links in the form of micro- and meiofauna; 

6. The deposit- and filter-feeding animals in turn support the marine 
birds wintering in Kachemak Bay, as well as a host of other apex 
predators. 

Food web relationships between the birds and-their principal prey are 
shown schematically as "sink food webs 11 (cf. Cohen 1978). For this purpose, 
only those prey species with an IRI of at least 100, and which also comprise 
at least 1% of the aggregate prey volume are considered "principal prey. 11 

Such food W€bs are indicate~d for oldsquaw (Figure26 ), white-winged seaters 
(Figure 27), common murres (Figure 28), pigeon guillemots (Figurezg), ana· 
marbled murrelets (Figure 30). Also shown are the probable feeding habitats 
of the ol dsquaw, white-wi n9ed seaters, and marb 1 ed murrel ets. It seems 
likely that the guillemots and the murres captured their prey in demersal and 
epibenthic habitats; and the locations of the murre collection sites (Figure 
6) indicate that they were over rocky substrates. 

RELATIVE SIZES OF PREY 

Insight is gained into the trophic relationships between ecologically 
similar bird species by comparing their mouth areas (culmen length x bill 
width) and the lengths of their prey (Figur·e 31). Comparisons of the mean 

----·---~-----
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Figure 25. Hypothetical scheme of the trophic relationships and environmental 

mechanisms operating in the ecosystem of marine birds wintering 

in Kachemak Bay. Representative species or kinds of animals 

indicated. 
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EPIFAUM 

' _..-\ 
IIFALIIA 

Figure 26. Food web for oldsquaw wintering i n Kachemak Bay, indicating the 
18 primary prey species and their relative importance. Percent 
volume of prey indicated , and arrow thickness proportional to 
prey's index of relative importance (IRI). 

~tve.tlua •du.lia 
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:?!FAUNA 

\, _,;4 
IHFAUNA ,.._ , 

Figure 27. Food web for white-winged seaters wintering on Kachemak Bay, 
showing the 7 primary prey species, their relative importance 
and the habitat where the birds most likely captured them. 
Percent volume of prey indicated, and arrow thickness prop9r~onal 
to prey's index of relative i mp ortance (IRI). ., 
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P•nd•lus bor••l1s 
PIHK SHRIMP 

••llocus villosua 

\.....--- CAPELIH 

Cr•ngon fr•nc1scorua 
SAND SliRIMP 

rh•r•gr• :4~~AaaL 
WALLEYE ~LLOCX 

!fYSID 

Figure 28. Food web for common murres winte!ring on Ka.chemak Bay, showing 

the six primary prey S'Pecies and their relative importance to 
the birds. Percent volume of prey indicated, and arrow thickness 
proportional to prey's index of relative imoortance (IRI) . 
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SAHD.SHRI~ .J 
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.P<lLYCHAETES 

-
-

Figure-29-. Food web for pigeon gu:illemots wintering-on-Kachemek - Bay,- showing ···· ·-
the eight major prey species and their relative importance to the 
guillemots. Percent volume of prey indicated, and arrow thickness 
proportional to preyts index of relative importance (lRI). 

.................. ~ 
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CAPEUN 

r•se./UJ 

Figure 30. Food web for marbled t:lurrelets ~;,;in terinf on Kachemak Bay, showi:1g 
the five primary prey species and their relative importance to t~e 

birds. ?ercent volume of prey indicated, and arrow thickncs~ ?ro
portional to preyrs index of relative importance (IRI). 
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mouth areas between the benthic-feeding ol dsquaw and white-winged seaters, and 
between the pel agi c-feedi ng murres and murrt~ 1 ets both s hawed differences at 
the 99% level of significance (t-test of the differences between two means, 
Sakal and Rohlf 1969:222). Similar comparison between the mean lengths of 
the prey of the two waterfowl, and of the two alcids aiso each showed 
differences at the 99~_1evel of significance. 

These differences are further illustrated when the lengths of prey 
taxa eaten by two bird species are compared. Mytilus was eaten by both 

.. Dldsquaw and white-winged seaters, but the 503 mussels fr001 the oldsquaw 
-·-were all less than 10 mm (Table 4), while the three from the seaters were 

SO to 69 rrm (Table 9). Similarly, the 19 Protothaca clams fr001 the oldsquaw 
were less than 10 mm, while~ the four Protothaca from the seaters ranged 
from 10 to 49 rrm. ~ 

Similarly, lSl mysids eaten by the murres ranged from about 30 to SO 
mm, while the 21 measurable! mysids from the murrelets ranged from about 10 
to 40 mm, with 16 (76%) of these being less than 20 mm (Table 10). 

Although the height or· girth of a prey may be indicative of the 
maximum size a seabird may choose in experimental conditions (Swennen and 
Duiven 1977), these data show highly significant differences in the lengths 
of prey eaten by the birds we studied. A reasonable g_~~~r.al_ conclusion 

·_;:_--·--seeinS-tcfoe that any number· of parameters could be used .t.o com-par-e -prey-·srzes: 

~---··----___,.., ____________ _ 
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GENERAL DISCUSSION 

BIOLOGICAL AND ECOLOGICAL CONSIDERATIONS 

Oldsquaw and white-winged seaters ate t he same ge~eral categories of 
prey reported previously (St ott and 01 son 1973; Ni lsson 1972; Madsen 1954; 
Cottam 1939). Both species eat mostly bivalves, gastropods and crustaceans 
in varyinq proportions, depending on t he species of bemhos present locally. 

The dominance of pandalid shrimp and mysids i n the diet of common 
murres contrasted markedly with the domi nance of f ish i n their diets 
e_lsewhere in summer (e.g., Ogi and Ts uj i ta 1973; Sanaer et al. 1978). This 
may have reflected a greater abundance or at least a~a i 1 ab ilTty of these 
crustaceans over forage fishes in Kachemak Bay in winter, although we have 
no corroborating data. 

Despite recent surveys of the benthos i n Kachemak Bay, knowledge of 
the distrib ution, abundance and avail ability of the prey species of the 
benthic feeding oldsquaw and seaters remains sketchy. Specimens of oldsquaw 
and seaters were collected in water depths between one and 10 fathoms (2-20m) 
at mean lower-low water (NOAA Nautical Chart #1 6645). Other than visual, 
SCUBA diving surveys along the north shore of the outer bay mostly in summer 
(Lees 1978; Rosenthal and Lees 1977) , t here have been no systematic surveys 
of benthos in t he ~pth ranges freque nted by waterfowi during this study. 
We do not know precisely the depths at whic h sea ducks fed, but we assumed 
that a bird specimen had eaten its prey i n t he general vicinity of its 
co l lection si t e. Regardless, it i s li kely that white-winged seaters 
co l lected in t he outer bay fed mos t l y at dept hs shallower than those studied by 
Feder and Pau l (1980) (ca. 29 m) and by Dr iskell and Lees (1977) (ca. 12-65 m), 
and deeper than the intertidal areas studi ed by Lees et al. (1980)-. However, 
the presence of Mytilus edulis in bot h oldsquaw and wnTte.;winged seaters 
indicates that t hey fed at least part of t he ti me over intertidal areas at 
high tide (Lees 1978; Rosenthal and Lees 19 77). Moreover, the absence of 
horse mussels (Modiolus modiolus) from thei r diet suggests that they did 
not feed over rocky areas when they fed"subtidclllY (Lees 1978; Rosenthal 
and Lees 1977) 

The studies noted above are the only surveys of macrobenthos in Kachemai(
Bay; and besides the intertidal surveys of Lees et al. (1980) at Homer 
Spit, none were in winter. Diffe r ences in the kinds-of prey eaten by the 
birds and t he species reported by t hese aut hors (see below) suggests that .. .
there may b~e r:eal differences between t he ani mal ccrnmunities in the birds' 
feeding habitats and the areas studi ed by these authors. It is also possible 
that thei r sampling schemes missed maj or compo nents of t he birds' diets, 
and t hat the birds selected prey i n di ffe rent proportions to their occurrence 
in nature. 
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J Regardless of dissimilarities, the incomplete nature of information on 
the distribut i on and availability of the birds' prey is illustrated by 
comparing the present results with those of the authors noted above. In 
February and March 1977, Lees et al. (~980) sampled the intertidal fauna on 
the outer beach of Homer Spit.--POTychaete worms comprised 76% to 85% of the 
numbers of prey, gammarid amphipods comprised another 13 to 1~%, and clams 

-..• JSrisula polynyma) and sand lance were minor components. Of these animals, 
~ y Spisula, the polychaete Nepht*s, . and sand lance were important prey of 

one or more of the bird species. host of other species of crustaceans, 
~lams, and gastropods, not found by Lees et al. (1980) were important to 

./the birds in the subtidal epibenthic and l'nfaunal habitats. Many species 
of crustaceans, at least, are highly roobile, and likely migrate to intertidal 
areas to feed at high tide . .... 

Similar marked differences extst between prey species of the white
winged seaters collected off the north shore of the outer bay, and species 
observed as dominant there by Lees (1978) and Rosenthal and Lees (1977) 
during diving surveys. These investigators reported a number of benthic 
species as dominant on rocky substrates between depths of about four and 15 m. 
They listed the horse mussel (Modiolus modiolus), the matting polychaete 
Potamilla and the butter clam Saxidomus as tne most important suspension 
feeders, the sea urchin Strongylocentrotus droebachiensis as a conspicuous 
grazer, and the moon sna i 1 Neltunea lyrata as an important predator. Of 
these species, only Neotuneayrata was moderately important to white-winged 
seaters, and Strongy locentrotus was of minor importance; none of the other 
species was present in the seaters' diet. 

Although Driskell and Lees (1977) ind i cate well defined boundaries 
between types of bottom substrates off the north share of the outer bay 
(Figure 2), substrates within the general area actually consist of a mosaic 
of rocky areas, shel l debris, mud and sand (Dennis Lees, personal 
communication). It thus appears that white-winged seaters feed largely in 
shell debris substrates, which was nat specifically studied during diving 
surveys (e.g., Lees 1978). The seaters also appear to select fauna smaller 
than normally seen during the visual diving surveys in rocky areas (Dennis 
Lees, personal canmun ication). 

In sum, the ex~sitng surveys of benth ic fauna in intertidal (Lees et 
al. 1980) and dee~r- areas (Driskell and Lees 1977; Feder and Paul 1979) 
have limited use in interpreting the results of studies of benthic-feeding 
birds in Kachemak Bay. A field program is needed which is s:Jecifically 
tailored to study the feeding habits of the birds concurrently with sampling 
the epibenthos and ~nfauna within the 1- to 20-m depth zone, and to sample 
the epibenthos in i ntertidal areas at high tide. 

Even less is k~own about the pe l agic fau na of the murres and murrelets. 
However, the dominance of the mysid Neomysis rayii of 30-45 Tim in the diet 
of the murres, which usually eat prey of at least 80-100 mm (e.g., Sanger 
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et ai. 1978), suggests very high densities of mysids in ~he deep portion of 
the1nner bay in January and February. The mysids waul d have to have been 
abundant and fairly concentrated for it to have been energetically feasible 
for the murres to eat them to the extent that t hey did. Similarly, the 
dominance of pandalid shrimp in the diet of murres from February through 
Apri 1 suggests an abundance of these shrimp t hen. Feder and Paul ( 1980) 
noted the highest densities of pink shrimp (Pandalus borealis) in the lower 
Cook Inlet area in summer in inner Kachemak ~ay. The cons1stent importance 
of euphausiids in the diet of murrelets fr om January through April indicates 
like high concentrations of these crustaceans in the deepwater portion of 
the i nn~r -bay. 

Amounts of food in the birds--expressed as percent of net body weight-
were generally 1 ow. They ranged from empty stomachs in a few specimens of all 
species except oldsquaw and pigeon guillemots, to a high of 6.6% for a 
marbled murrelet (Table 6). Average values for the four primary species 
ranged from 1.0~ for common murres, to 2.2% for white-winged seaters (Table 
6). Despite this seeming paucity of food, however, data on net body weights 
(Table 7) and fat indices (Table 8) general'ly r efl ect a healthy physiological 
condition throughout the study. Thus, adequate amounts of food were 
available for benthic feeding species as well as pelagic species. These 
data also imply rapid rates of digestion (van Koersveld 1950) and frequent 
small feedings, rather than sporadic gorging as in the case with short
tailed shearwaters, whose stomach contents can approach 20% of their net 
body weight (Sanger et ~· 1978). 

Since the species of waterfowl we studi ed spend their nesting season 
in freshwater/terrestrial habitats, the birds should be unaffected by 
changes in salinity in itself. On the othe r hand, water and air temperatures 
can have a profound influence on the birds by increasing their rate of 
metabolism, and therefore, their need for food in colder temperatures 
(Calder and King 1974). In south Sweden, food seeking rates of oldsquaw 
and other spec i es were highest during the coldest winter months (Nilsson 
1970), indicating an increased energetic cost to t he birds. Similarly, 
particularly cold winters can be expected to place added energetic .stress 
on birds winteri ng on Kachemak Bay. The ~resence of ice in the shallow 
inner bay, however, appeared to have no~ffect on the birds. Oldsquaw 
readily occurred and dived within the ice, whic~ may have actually shielded 
the birds from the wind. 

IMPACTS OF BIRDS ON COMMERCIAL FISHER IES 
/ 

.-

.. ~ 

In most cases, impacts of birds wi nter·ing on Kache.rnak Bay on commercial 
species of fish and shellfish appear t o be mini mal. Juvenile wa11eye 
pollock •.-tere a minor c.omponent of the diet of common murres (5% by aggregate 
volume, Figure 40), but neither salmon·ids nor other spec~es of commercial 
fin-fishes were present in the stomach samp l es. Juvenile salmonids are 
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not abundan: in the bay until late May (Blackburn 1978). 

Although pink shrimp (Pandalus boreali s ) comprised 17% of the aggregate 
volume of food eaten by common murres (Figur e 40), it is difficut to 
translate this into degree of impact on the fishery without having better 
infonnation on the size of the popu.lat ion of murres wintering -in Kachemak 

~Bay. Similarly, humpy shrimp (P. gon i uris) comprised 50% -of the volume of 
the stomach contents of the three pigeon gu i 11 emots sampled, but 1 arger 

sample sizes of birds and a better idea of t he i r population size in the Bay 
__.-would be needed to calculate their impact on t he shrimp stocks. 

The highest densities at settling juveni l e king crabs (Paralithodes 
camchatica) in Kachemak Bay were in the cobbl e-boulder area off the north 
shore of the outer bay (Haynes 1971; Gundbe rg and Clausen 1977) where we 
found maximum concentrations of white-winged seaters, but crabs were not 
part of the diets of the birds. The crabs do not settle to the bottom 
until late spring, after the wi ntering, bott om-feeding birds have migrated 
out of the bay, and the crabs themse 1 ves mi grate to deeper waters before 
the birds return (SAl 1979). 

POTENTIAL FOR IMPACT TO WINTERING BIRDS FROM OCS OIL AND GAS ACTIVITIES 

Any potential impact t o marine birds in Kachemak Barresulti ng from -
oil exploration, development, processing, or transport must be we-i-ghed iA 
light of t he ocean current patterns summari zed in a preceding section of 
this report. To briefly rev i ew, water enters Kachemak Bay from the Gulf of 
Alaska, via Kennedy Entrance . Gyral current s in outer Kachemak Bay imply 
residence times of the water in the outer bay on the order of several days, 
or perhaps 1 anger. Water enters the inner bay from the outer bay at depth. 
Water exits Kachemak Bay in a northwesterl y direction along the north shore 
of the outer bay, to join ,a moderately strong northerly flow along the east 
side Cook Inlet which extends at least as far north as the Forelands. 
Thus, the potential severity of acute or chronic oil spills to marine birds 
in Kachemak Bay, or to any of the biota fo r that matter, depends on whethe~ 
the mishap is 11 Upstream 11 or 11 downstream 11 f r om the bay. 

Drilling Platforms 

Depending on wind and current patterns during and immediately after an 
oil spill f rom any of the drilling rigs projected for lower Cook Inlet in 
the Bureau of Land Management (BLM) developmental scenario, it appears that 
the rigs waul d be far enough west of the nonnar current patterns that they 
would not directly affect Kachemak Bay. If a spill did reach the bay, 
however, the general habitat of greatest importance to the birds includes 
the entire perimeter of the bay at dept hs shallower than 20m. None of the 
bird species we studied feed interti dally on low tides. Murres, murrelets, 
and occasionally wh i te-wi nged seaters, ut fl ize habitats over deeper \vater, 
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but areas less than 20m seem to be the main habitat for most of the 
wi·ntering bird canmunity. 

The species we studied included waterfowl or alcids, the two major 
groups of seabirds most susceptible to direct oiling (King and Sanger 1979). 
Although most of the prey species eaten by the bird community are probably 
eaten subtidally, Mytilus, at least, is probably eaten by the waterfowl in 
intertidal areas on high tides. 

Secondary effects could result with contami nation or reduction of food 
organisms -if spilled oil precipitated to the bottom in subtidal areas • . 
Such effects could be of greater long-term significance than oiling of birds, 
but are not easily observed nor measured. The loss of benthos which would 
have the greatest potential for adverse impact to the marine bird community 
are the bivalves Mytilus, Protothaca, Spisula, Nucula, and Macoma, in 
descending order of importance. Simi 1 a r·ly, pe 1 agi c prey of greatest importance 
to the wintering bird community include the mysid Neomysis rayii, pink 
shrimp Pandalus borealis, the euphausiid Thysanoessa raschii, and two 
fishes, capelin and s~nd lance. 

Any other potential environmental threat from drilling platforms would 
appear to be confined to the immediate vicinity, and would be unlikely to 
have a discernible effect on birds wintering in Kachemak Bay. These \'lould 
include drill cuttings and drilling muds, entrainment by cooling systems, 
and chronic contamination from formation waters. 

Potential Shore-Based Facilities-Tanker Terminals 

The BLM development scenario lists t\'IO general areas for potential 
shoreside facilities, one in the vicinity of An chor Point, and another in an 
area adjacent to Kennedy Entrance extending generally from Port Graham to 
the Chugach Islands. Of these two areas, it appears that Kennedy Entrance 
would pose the highest threat to marine birds in Kachemak Bay, since oil 
spilled from tankers and pipelines at this location is most likely to be 
carried by the prevailing ocean currents into the bay. ConverselY,, the 
Anchor Point area is downstream from most· of Kachemak Bay and oil is 1 ike ly 
to be carried away from Kachemak Bay. 

Pipe 1 i nes 

The laying of pipelines in the areas suggested as ~ipeline corridors 
// 

in the BLM development scenario would appear to have little effect on marine 
birds wintering in Kachemak Bay. However, ·in areas immediately adjacent tb_.....,. \ 
shore, they may temporarily disrupt the local distribution of foraging 
birds. Depending on where pipe 1 i ne breaks and chronic 1 eaks occurred, they. · 
caul d pose a severe threat to the birds, their prey, and organisms and 
processes at the base of their food web. The main consideration is the 
proximity of the break/leak to Kachemak Bay. A break or leak near shore in 
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./1 the Kennedy Entrance area WClUl d be particularly threatening to the birds 
and to fauna at lower troph'ic levels in their food web. The key habitats 
and species waul d be the sarne as those. mentioned above. 

Tanker Routes 

~- The BLM development scenario indicates tanker routes roughly paralleling 
"tlie north and south shores tJf outer Kachemak Baye Any spill here caul d have 

dire consequences for marine birds, both by direct oiling and by contami
".nating their food and organ·isms at lower trophic levels in the food web. The 

--' key habitats and species waul d be the same clS those mentioned above. Routes 
al eng the south shore woud .ap_pear to pose the greatest threat, however, because 
they are upstream from most areas of~the Bay. Spills here would have a greater 
chance of remaining within the gyr(ll currents of the bay, thus exposing the 
birds and their prey to contamination for greater periods of time. 

Physical Disturbances 

It is difficult to ass.ess the possible negative effects of disturbance 
to the wintering birds from aircraft and boat traffic. The main problem is 
the lack of comparative quantitative infonnation on 11 before and after11 

conditions on populations of birds in other areas. All of the species of 
birds we studied are known to inhabit other areas in Alaska and elsewhere 

1 " on the Pacific Coast which have aircraft and particularly-boat traffic. 

·~. 

Chiniak Bay on Kodiak Island and Puget Sound, Washington, are two such 
examples. During our studies, the white-winged seaters were particularly 
skittish at the approach of our boat, a situation we also experienced in 
the Kodiak Area. However, fishennen are known to shoot marine birds for 
crab bait and it is possible that the seaters have learned to be wary of 
the approach of any boat. 

-----·----------------~~----
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SUMMARY AND CONCLUSIONS 

1. We studied the food habits~ feeding behavior, and trophic relationships 
of selected species of birds wintering on Kachemak Bay, Alaska, from 
November 1977 to April 1978. Studies were concentrated on oldsquaw 
(Clangula_hyemalis), white-winged seaters (Melanitta deglandi), common 
murres (Uri a a a l ge), and marb 1 ed murrelts (Brach~ramphus marmoratus). 
We gathe!'"ed peripheral information of surf and b ack seaters (M. 
persptcillata and~ .. nigra), and pigeon guillemots (Cepphus calumba). 

2. Marine birds winter in Kachemak Bay because of an abundant food supply 
and the Jresence of ice-free resting areas. 

3. The above species ate a minimum of 79 species of prey in eight phyla, 
including one protozoan, 12 polychaetes, 16 gastropods, 13 bivalves, 25 
crustaceans, one sipuncul id, one extoproct, four echn iodenns, and six 
fishes. In general, waterfowl ate mostly benthic bivalves and gastropods, 
and some crustaceans and fish, while the alcids ate mostly pelagic and 
demersal crustaceans and fish. Although species differed, the birds ate 
similar kinds of prey as reported for other areas. 

4. Oldsquaw were extreme generalists on bethos, eating a minimum of 60 
prey species. In descending order of importance, the oldsquaw ate 
bivalves, crustaceans, fish, gastropods, and polychaetes. The most 
important spectes of prey_were sand lance (Ammodytes hexapterus), and 
the bivalves Spisula polynyma and Mytilus edulis. Oldsquaw usually 
foraged in water less than 18 m over substrates of sand and mud, but 
occasionally over shell debris, cobb 1 es and boulders. 

5. White-winged seaters were generalists on benthic molluscs, primarily 
bivalves. They ate a minimum of 22 species of prey, the most important 
being the bivalves ~~til~s_edulis and Protothaca staminea, and the 
gastropod Margarites pupillus. Seaters foraged generally in water less 
than 20m over substrates of cobbles ftnd shell debris, but occasionally 
over substrates of mud and sand. 

6. Common murres ate a minimum of 11 species of mid-water and demersal 
prey, mostly crustaceans, but including some fish. The most important ,. 
prey specieswere the mysid crustacean Neom}tsis rayii, and pink shrimp, / 
Pandalus borealis. Murres generally fed over rock substrates in water 
depths greater than 20 meters, at mid and demersal depths in the water-
column. The preponderance of crustaGeans in the diet of the murres was-·~ 
unexpect~, since murres are generally considered to be piscivorous. 

7. Marbled murrelets ate at least eight species of prey, primarily fish, 
but also included some crustaceans in their diet. Capelin (Mallotus 
villosus) was the most important prey species, followed by sand lance, 
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the euphausi id crustacean Thysanoessa raschi i, and mys ids. The feeding 
habitat of the murrelets was basically similar to the murres, although 
they terded to occur closer to sho;e. 

There was very 1 ittle overlap in the prey s peci e.~-- ~a"l:_~f"! _by different 
species of birds. When overlap, did occur, a prey species was generally 
important to only one bird species, or the two species of birds ate 
different sizes of prey. 

Among the four primary species of birds studied, there were significant 
differences between "mouth area" (culmen length x bill width) and 
average length of prey. 

.. 
The base of the trophic struct~re of Kachemak Bay in winter apparently 
depends on the production and availabil ity of organic detritus. The 
main source of the organic detritus appears to be mainly from extensive 
beds of kelp in KachemaK Bay and around t he sout~eT"n _pe_r:_imet~r __ ()_f the 
Kenai Peninsula, and from fecal pellets produced by zooplankton grazing 
on spring blooms of phytoplankton. Assuming that the ecosystem of 
Kachemak Bay is similar to other coastal ma rine ecosystems, the organic 
detritus is colonized by bacteria, which provides food far camnunities 
of microfauna (animals less than 0.1 mm) and meiofauna (0.1-1.0 mm), 
all of which are ingested by the filter- and deposit-feeding fauna 
comprising the bulk of the prey eaten by the birds. --

Existing knowledge of the distribut ion and abundance of the prey species 
i n winter is inadequate to determine the i r availability to the birds. 
Waterfowl feed in shallow subtidal depths out to about 20 meters, a 
zone which has been largely unsampled by both shore-based and vessel
based studies. Winter studies of the principal pelagic prey of the 
birds such as mysids, euphausiids , juvenile shrimp and capelin have 
been sketchy or non-existent. 

The birds appear to have a minimal impact on the commercial fisheries 
of Kachemak Bay. 

Birds wintering in Kachemak Bay appear to be at high risk from bath 
acute and chronic oil spills. Mast of the wintering community of 
birds are either waterfowl or alcids, the twa major groups of_birds 
most susceptible to oiling. Pollution that interferes substantially 
with the production of organic detritus, particularly from the extensive 
beds of kelp, could have more serious long-term consequences to the 
birds than direct oiling. In general, any potential threats to the 
bird community from petroleum activities needs to be evaluated in 
terms of the pattern of ocean currents. Accidents which may occur on 
the south side of the outer Kachemak Bay, and around the southern 
perimeter of the Kenai Peninsula would threaten the birds and their 
ecosystem more seriously than ones on the north side of the Bay, which· 
are "downstream" from most of Kachemak Bay . · 

· .~ 
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Appendix Table l. Percent Aggregate Numbers and Volume, Percent Frequency of 
-~~- Occurrence and Index of Relative Importance (IRI) of the ( 

} Prey of Oldsquaw Collected in Kachemak Bay. 

Percent 
Prey Form No. Vol. F.O. IRI 

Pooled Saml)les 2 November 1977 - April 1978, n = 27 -
~-

PROTOZOA 
Unidentified Foraminifera. o.o 0.0 3.7 0 

/ 
-~ 

POLYCRAETA 

Unidentified species o~5 2.8 25.9 85 

Harmothoe extenuata o.o 0.2 3.7 1 

Phloe minuta 2.0 0.3 3.7 8 

Anaitides mucosa o.o 0.2 3.7 1 

Eteone sp. 0.0 0.3 3.7 1 

Unidentified Phyllodocid 0.0 0.0 3.7 0 
/--o, 

: 
Unidentified Nereid 0.0 0.1 3.7 1 

G1ycinde sp. 0.0 0.2 3.7 1 

Lumbrinere sp. 0.0 0.0 3.7 0 

Pectinaria sp. 0.8 1.3 14.8 32 

Amuharete sp. 0.2 1.3 3.7 6 

Unidentified Ampharetid 0.9 1.3 3.7 -8 

Total Po1ychaeta 4.4 8.0 25.9 321 

GASTROPODA 

Unidentified species 3.3 0.9 18.5 78 

Unidentified Limpet o.o 0.2 3.7 1 ! 

Lancuna variegata 0.9 0.2 18.5 20 

Alvina comuacta 0.8 0.3 25.9 28 
"/1~', 

' 

Cerithiousis sp. 0.0 0.1 3.7 0 
r --

Natica clausa 0.2 1.9 3.7 8 
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Appendix Table 1 (continued) 
-~ Percent-' c hey ':"Fom No. Vol. F.O. IRI 

TroPhonopsis pacificus 0.0 0.0 3.7 0 

Mitre11a tuberosa 1.2 1.3 3.7 10 

Neptunea sp. 0.0 0.1 3.7 0 

Admete couthouyi 0.1 0.1 3.7 1 

Oeno'Dota sp. 3.7 2.5 18.5 114 

Unident:ified Turrid 0.2 0.3 7.4 4 

.. ·odostomia sp. 0.4 0.1 18.5 10 

!g1aja diomedeum 0.1 0.0 3.7 0 

Retusa sp. 0.0 o.o 3.7 0 

Onchidoris bilame11ata 0.1 1.2 7.4 10 

Total Gas.tropoda ll.O 9.2 18.5 374 

BIVALVIA 

Unidentified species 0.2 1.7 18.6 35 

Nucula tenuis 2.4 3.4 37.0 219 

Nuculana c.f. fossa 2.2 1.4 29.6 108 

Glyc-vmeris subobso1eta 7.1 1.7 22.2 196 

Glycymeris sp. 0.0 0.1 3.7 0 

Mytilus edulis 21.9 
" 

4.9 33.3 894 

Orobitella sp. 0.0 0.0 3.7 0 

C1inocardium sp. o.o 0.0 3.7 ct'/ 

Spisula oolynyma 26.5 5.1 29.6 93+-......,.. 
-

Macoma balt-hica 0.0 0.0 3.7 0 

Ma.coma sp. 9.8- 3.0 ll.l 142 

-~ Saxidomus gigantea 0.0 0.0 3.7 0 . / .. c. Psephidia 1ordi 0.2 0.1 3.7 1 

---- "'-----,.·---,.-,.--------·---
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Appendix Table 1 (continued) 
Percent 

/ 
,-, Prey Form No. Vol. F.O. IRI 

Protothaca stam.inea 1.2 1.1 29.6 66 
---------------. 

Mya sp. 0.8 0.4 22.2 26 . 
Total :Bivalvia 72.3 

--- -· ·--·-
22.9 29.6 2,818 

. .;;.CituSTACEA 

Unidentified Barnacle 0.1 0.8 7.4 6 
/ 

.J' 
.¥ 

Unidentified Mysid 0.0 0.1 3.7 0 

Lamorops sp. (Cumacean) 0 .. 1 0.1 3.7 1 

Unidentified Cumacean 0.0 0.1 7.4 2 

Gnorimosphaeroma oresone~sis o.o 0.1 3.7 0 
--·-

(Isopod) 

Unidentified Gammarid AIIrphipoda 2.0 5.4 51.8 382 

Unidentified Decapod 0.2 0.7 
--

t.4 7 

(~., 

Decapoda Natantia CShrill1p) 

Soirontocaris soina 0.1 0.8 7.4 7 

Pandalus goniurus 0.8 3.6 7.4 32 

Pandalus jordani 0.0 0.3 3.1 1 

Unidentified shrimp 0.1 0.2 3.7 1 

Total Shrilllp 1.7 6.3 7.4 59 

Decapoda Reptantia (Crabs) 

~ 1yratus 1.5 2.1 14.8 54 

Cancer oregonensis 0.7 2.8 14.8 52 

Cancer sp. 0.4 1.7 11.1 23 
! 

Unidentified species 0.3 0.4 7.4 5 

Total Crabs 2.9 7.0 14.8 147 

-,~~, Total Crustacea 7.1 20.6 51.8 1,4J5 
,. 
v .. ·-

----····--~---..-·----,--....,...-...,-.-----
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,.--, Appendix Table 1 (continued) 
i 

,-
"::-. t 

Percent 
Prey Form No~ Vol. F.O. IRI 

ECHIURA 

Echiurus echiurus alaska.t:lLUS 0.0 0.8 3.7 3 
i 

ECTOPROCTA 

Microporfna borealis o.o 0.2 3.7 1 

ECHINODERMATA 

·Ophiuroidea 

Ophiopholis aculeata 1.3 2.3 3.7 13 

Amph:lpholis puget:ana 0.2 0.4 3.7 2 

Unidentified species 0.3 8.4 7.4 64 

Total Ophiuroidea 1.8 11.1 7.4 95 

("'-"\ Unidentified Echinoid 0.0 0.1 3.7 1 

Total Echinodermata 1.8 11.2 7.4 96 

OSTEICHTHYES 

Unidentified species 0.1 0.3 7.4 3 

Unidentified Cot tid 0.0 2.3 3.7 9 

Ammodvtes hexaPterus 2.1 23.9 40.7 1,059 

Total Osteichthyes 2.1 26.5 40.7 1,168 
" 

November 1977, n== 5 
/"-

POLYCHAETA 

Unidentified species 0.1 0.3 20.0 -9; 

Pectinaria sp. 0.4 3.5 20.0 78 
. 

Total Po1ychaeta 0.5 3..8 20.0 86 

,,....-,.,'\ GASTROPODA C 
Lacuna variegata 0.8 0.2 20.0 21 
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---/~- Appendix Table l (continued) 

J l?ercent / 

Prey Form No. Vol. F .0 ... IRI 

Alvina compacta 0.8- 0.8 60.0 94 

Ne:etunea sp. 0.1 0.4 20.0 10 
-

:::__ Oeno:eota sp. 3.5 3.9 40.0 299 

/ 
Odostomia sp. 0.3 0.1 20.0 7 

--·' 
Onchidoris billamellata 0.3 1.8 20.0 40 

Total Gastropoda 5."8 7.2 60.0 780 

BIVALVIA 

Nucula tenuis 0.7 0.9 40. o_ -- 62 

Nuculana c.f. fossa 0.1 0.3 20.0 9 

G1ycymeris subobso1eta 9.1 3.8 40.0 518 

,......, .. , Mytllus edulis 14.8 2.7 60....0 1,051 

Spisu1a polynyma 60.3 23.6 60.0 5,033 

Pse:ehidia 1ordi 0.5 0.7 20.0 25 

Protothaca staminea 0.7 2.1 60.0 167 

Mya sp. 1.4 1.4 20.0 55 

Total. Bivalvia 87.6 35.5 60.0 7,386 

CRUSTACEA 

Lamprops sp. (Cumacean) 0.3 0.7 20.0 19 

Unidentified Gammarid .AI11phipoda 0.5 0.9 20.0 28 

Unidentified Decapod 0.3 3.5 20.0 75 

Panda1us goniurus (ShriD1p) 2.2 22.1 40.0 970 
r 

Decapoda Reptantia (Crabs) 

~ 1yratus 0.4 1.2 40.0 64 
/~'1 

Cancer oregonensis 1.2 3.4 20.0 -- 92 

Cancer sp. 0.1 0.3 20.0 9 

------------
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-~' 
Appendix Table 1 (continued) 

....-:··· 
..... ~ ... ( Percent 

Prey Form No. Vol. F.O. IRI 

Total Crabs 1.7 4.9 40.0 264 

Total Crustacea 5.0 32.1 40.0 1,484 
i 

OSTEICH'!HiES 

Ammodnes hexa12terus 1.0 21.6 60.0 1,350 
-

December 1977, n "" 5 

PROTOZOA 

Unidentified Foraminj feJ~a 0.3 0.2 20.0 10 

POLYCHAETA 

Unidentified species 0~3 0.2 20.0 10 

Pectinaria sp. 0.6 o. 6· 20.0 23 
:--, 

Total Po1ychaeta 0.9 0.8 20.0 34 

GASTROPODA 

Unidentified species 0.3 0.0 20.0 6 

Alvina com12acta 2.5 0.8 60.0 199 

Trouhono"Osis pacificus 0.3 0.9 20.0 7 

Oenopota sp. 4.7 1.5 20.0 123 

Odostomia sp. 0.6 ... 0.3 40.0 35 

Total Gastropoda 8.4 3.5 60.0 714 ... -
BIVALVIA 

/ 

Nucula tenuis 10.5 15.1 100.0 2,5SL 

Nucula.na. c:£. fossa 11.8 3.5 100.0 1,534 

Glycymeris subobsoleta 20:9 4.8 60.0 1,546 

. ~""""'"""· Glycvmeris sp. 0.3 0.3 20.0 12 ~-·· 

\_ 
Mytilus edulis 0.3 0.2 20.0 10 

---····------,-----___:_ ______ _ 
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~ 
Appendix Table 1 (continued) 

::;; Percent ._ 

------- Prey Form No. Vol. F.O. IRI 

Spisu1a po1ynyma 30.6. 6.2 100.0 3,675 
- -- ---

Protothaca stami.nea 5.0 3.2 80.0 654 
---- 0.8 0.5 60.0 82 :__ Mya sp .. 

/ Total Bivalvia 80.2 33.9 100.0 11,410 _,. 
·' 

CRUSTACEA 

Unidentified Cumacean 0 ."3 0.2 20.0 10 

Unidentified Gammarid Amphipoda 0.3 0.6 20.0 17 

Unidentified Shrimp 0.6 0.9 20.0 30 

Unidentified Crab 1.4 0.9 20.0 46 

Total Crustacea 2.6 2.6 20.0 104 
---. -· -------- -------

(""-. 
OSTEICHtHiES 

Ammodytes hexacterus 8.0 59.7 100.0 6,768 
------ ~ - --- --

Janua!:Y 1978, n = 5 

-------POLY CHAETA 

Unidentified species 3.1 17.4 60.0 1,229 

Unidentified Phyllodocid 0.6 0.2 20.0 17 

G1ycinde sp. 0.6 1.4 20.0 40 

Lumbrinereis sp. 0.6 0.2 20.0 17 

Am'Dharet• sp. 3.1 9.8 20.0 256 

Total Po1ychaeta 8.0 29.0 60.0 2,220 

BIVALVIA 

Unidentified species 1.2 6.6 40.0 314 

,..,~, Mytilus edu1is 72.4 11.2 20.0 1,671 
-.~ 

C1inocardium sp. 0.6 0.2 20.0 17 

·~--.....,.,..- ----..----·----------------
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~ .:\p1'e~ix !abl.e 1 (continued) 

Percent 
hey Form No. Vol. F.O. IRI 

Macoma sp. 6.1 11.2 20.0 346 

Total Bivalvia 80.3 29.2 40.0 4~380 

CRUSTACEA 

Unidenttiied Cammarid Amphipod 3.1 2.8 20.0 117 

Grangon septemsPinosa (Shrimp) 0.6 2.4 20.0 61 

· Decapoda Reptantia (Crabs) 

Cancer magister 3.7 16.4 60.0 1,203 

Cancer sp. 3.1 8.7 20.0 236 

Unidentified Crab 0.6 1.7 20.0 46 

Total Crabs 7.4 26.8 60.0 2,052 

~- ........... , Total Crustacea 11.1 32.0 60.0 2·,586 

OSTEICRTIIYS 

Ammod~es hexaPterus 0.6 9.8 20.0 207 

February 1978, tl = 5 

POLY CHAETA 

Harmothoe extenuata 0.2 1.6 20.0 34 
.. 

Phloe !llinuta 6.2 2 .... 1 20.0 166 

Anaitides mucosa 0.2 1.6 20.0 34/-
/ 

Eteone sp. 0.2 2.1 20.0 45 
•• ....,;a;;. 

Unidenti=ied ~ereid 0.2 1.0 20.0 24-

Pectinaria sip. 1.8 4.5 40.0 254 

AmPharete sp. 2.7 9.4 20.0 242 
,-, 

Total Polychaeta 11.5 22.3 40.0 1'~352 

-----.,--:-----~·----,-----,---
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-
~- Appendix Table 1 (continued) 

J 
--·--· Percent 

Prey Form No. Vol. F.O. 1!1 

GASTROPODA 

- Unidentified species ·10.2 5.2 40.0 616 
'!!"'"" 

Lacuna v.ariegata 1.5 0.6 60.0 125 

.4/ Alvina eomoacta 0.2 0.1 20.0 6 _, 

Oenopota sp. 4.3 10.4 20.0 293 

Unidentified Turrid . 0.5 0.4 20.0 16 

Odostomia sp. 0.6 0.4 40.0 41 

Aglaja ciomedeum 0.3 0.4 20.0 13 

Retusa sp. 0.2 0.4 20.0 10 

OnchidoriS bilame11ata 0.2 6.8 20.0 138 

(~ Total Gastropoda 18.0 24.7 60.0 2,562 

-···---- ----·· -- ------ --· 
BIVALVIA 

Unident:.fied species 0.2 2.8 20.0 59 

Nucula tenuis 1.4 1.5 60.0 174 

G1vcymeris subobsoleta 0.9 0.7 20.0 32 

Mytilus edulis 35.1 21.0 80.0 4,492 

Orobite:la sp. 0.2 0.1 20.0 6 

Macoma bal thica 0.2 0.4 20.0 10 

Macoma sp. 29.6 10.8 40.0 1,616 

Saxidomus gig an tea 0.2 0.4 20.0 10 
! 

Mya sp. 0.5 0.5 40.0 38 

Total Bivalvia 68.3 38.2 80.0 8,520 ' 

,,...,.,..-;......, ___ CRUSTACEA 
-"~ 

- -J 
/ Unidentified Gammarid Amphipoda 2.3 6.1 

·-- 668 80.0 
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·~ Appendix Table 1 (continued) 
,- (_ 

Percent 
Prey Form No. VoL F.O. IRI 

Cancer sp. (Crab) 0.3 3.5 20.0 76 

i 
Total. Crustacea 2.6 9.6 80.0 976 

ECRIURA 

Echiurus echiurus al.askaD.us 0.2 5.6 20.0 114 

March 1978, n ,. 6 

POLY CHAETA 

Unidentified species 2.0 0.9 33.3 99 

GASTROPODA 

Unidentif'i.ed species 1.4 0.5 33.3 63 

Unidentif'i.ed Limpet 0.7 0.5 16.7 20 
!'".-....... , 

Lacuna variegata 1.4 0.3 16.7 27 

Cerithio"Dsis sp. 0.7 0.3 16.7 16 

Natica claus a 3.4 5.7 16.7 151 

Admete couthouvi 2.0 0.3 16.7 38 

Oenouota sp. 4.1 0.2 16.7 72 

Unidentified Turrid 1.4 0.7 16.7 34 

Total Gastropoda 15.1 8r-5 16.7 394 

BIVALVIA .f,.-

/ 

Unidentified species 1.4 1.1 33.3 82 

Nuculana c. f. fossa 1.4 2.0 33.3 11"'2" 

Protothaca staminea 0.7 0.2 16.7 15 

Total Bi;.~al.via 3.5 3.3 33.3 226 

,~--" CRUSTACEA Ji'" n 
"-

Unidentified Barnacles 1.4 2.3 33.3 123 

----~,------,..,._-___,..__,. _ _.__,_~_ 
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~ Appendix Table 1 (continued) 
-) 

Percent 
Prey Form No. Vol. F.O. IRI 

Unidentified Mysid 0.1 0.2 16.7 15 

Unidentif:i.ed Cumacean 0.7 0.2 16.7 - 15 
--· ~-Gnorimosphaeroma oregonensis 0.7 0.3 16.7 16 

(Isopod) --- --· -

/ 
-"' Unidentified Gammarid Ampbipoda 11.6 11.5 -66.1 1,541 

Unidentified Decapoda 2.0 0.4 16.7 - 40 .. 
Decapoda Natantia (Shrimp) 

Spiro~tocaris s~ina 1.4 2.4 33--~ --- 126 

Unide~tified Pandalidae 9.5 4.0 - 16 .• -7 226 

Total Shrimp 10.9 6.4 - 33.3 576 

Hyas lyrs.tus (crab) 17.7 4.0 -16-.-7-- --- --- --·· - 362 

Total Crustacea 45.7 25.3 66.7 4,736 

ECTOPROCTA 

Microporina borealis o. 7. 0.7 16.7 23 

ECHINODEBMA'!A 

Ophiuroiaea 

Unidentified-Ophiuroid 4.1 25.0 33.3 970 .. 
Ophiopho11s aculeata 19.0 6.8 16.7 430 

Amphipholis ougetana 2.7 1.4 16.7 68 

Total Br~ttle Stars 25.8 33.2 33.3 1,965 

Unidentified Echinoid 0.7 0.4 16.7 17 ! 

OSTEICHtHYES 

Unidenti.=ied species 1.4 0.8 33.3 72 ' 
/ ... .-. .... Unidenti.=ied Cot tid O.T 6.8 16.7 124 

l '·' / 

.Ammod!tes he:xa~terus 4.8 20.2 16.7 417 

---·--.,---,-------...,...~------· 
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~ Appendix Table 1 (concluded) 

Percent 
Prev Form No. Vol. 

Total Fish. 6.9 2.7 .8 

j April 1978, n =• 1 

GASTROPODA 
-

Mitrella tuberosa 89.7 70.0 

CRUST.AC'!:'._.\ 

~ ly;atus (crab) 10.3 30.0 

-~·-···--------------------------

F.O. 

33.3 

100.0 

100.0 

IRI 

1,156 

15,966 

4,034 

/ 
/ 
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Appendix Table 2. Perc:ent A~ggregate Numbers and Volume, Perc:ent Frequenc:y of 
Oc:c:urrenc~e and Index of Relative Importanc:e (IRI) of the 
Prey of lilhite-winged Sc:oters Collec:ted in Kac:hemak ·Bay. 

Perc:ent 
-Prei Form. No. Vol. F.O. IRI 

== 

Pooled Samplesr November 1977 - Aoril 1978-
2 n-= 35 

./ 
...!' 

POLY CHAETA .. 
Unident;i.f:i.ed spec:ies • 1.1 0.5 5.6 9 

Halosidna brevisetosa 0.4 0.3 2.8 2 
--------

NephtiS sp. 0.4 0.2 2.8 2 

Total Po1yc:haeta 1.9 .9 5.6 16 

GASTROPODA 
----- -

Unidentified spec:ies 4.4 2.3 25.0 167 

Marga rites ou'Dillus 17.2 0.9 8.3 151 

Margarites sp. 4.4 0.5 2.8 13 

Lac:una va:riegata 0.4 o.o 2.8 1 

Lac:una sp. 0.7 2.4 2.8 9 

Littorina sp. 0.4 0.0 2.8 1 

Tric:hotrcpis canc:ellata 4.4 0.3 2.8 13 

Natica c:lausa 1.5 3.5 2.8 14 

Neptunea lyrata 3.6 3.6 8.3 60 

Neptunea sp. 5.5 0.3 2.8 16 

Admete ccuthouyi 3.6 0.5 2.8 11 

Total Gastropoda 46.1 14.3 25.0 1,510 

BIVALVIA 
-.. ~ ... 

Unidentified spec:ies 7.3 14.4 38.9 845 

--·--··.,--------------------------------

' 

' 
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Appendix !able 2 (continued) 

Percent 
{ ,_ 

Prev Fotm No. Vol. F.O. IRI 

Glvc~eris subobso1eta 6.2 1.4 2.8 21 

Mvtilus edulis 21.2 30.6 22.2 1,158 
i 

Astar-te rollandi 1.1 0.1 2.8 3 

Macoma sp. 1.1 1.6 8.3 22 

Protothaca staminea 9.8 32.4 47.2 1,996 

Unidentified Venerid 0.7 1.1 5.6 10 

~ sp. 0.4 0.1 2.8 1 

Total Bivalvia 47.8 81.7 47.2 6,112 

CRUSTACEA 

Unidentified Barnacle 0.4 0.4 2.8 2 

Unidentified Shrimp 0.4 0.1 2.8 1 
,,.-, 
I 

Unidentified Crab 2.2 0.4 13.9 36 

Total Crustacea 3.0 0.9 13.9 54 

SIPUNCULA 

S i'OUllculus sp. 0.4 1.4 2.8 2 

ECBI!{ODEE..~ 

Stronsz1ocentrotus 0.4 0.7 2.8 3 
droebachiensis (Echi:o.oid) .. 

Unidentified 0.4 0.0 2.8 1 -Strongy1ocentrotidae # 

F-' 

Unidentified Ho1othuroidea 0.4 0.4 2.8 2 

---Total Echinodermata 1.2 1.1 2.8 "6 

November !977, n = 1 

/'....-......, 
BIVALVIA 

i 
Mvtilus edulis 100.0 100.0 100.0 20,000 '-

---------------------------
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Appendix Tal:1e 2 (continued) 
-) 

1?ercent 
Prey Form No. Vol. F.O. IRI 

December 1977, u = 2 --------- -- ------ --- ---- ------ -

BIVALVIA 
-

"!!"'""- ---- ·-

-- MI:!:ilus edulis 100.0 100.0 100.0 20,000 
------ --- -- --- ----

"/ 
.:' January 1978, n "" 14 

POLY CHAETA 

Unidentified species 0.8 1.4 7.1 16 

Nephtys sp. 0.8 0.8 .7 .L - 11 

Total Po~ychaeta 1.6 2.2 - 7 .. 1. 27 

GASTROPODA 

Unidentified species 2.5 0.2 7.1 20 
.... -...... 

Margarites pu~illus 39.0 2.3 14.3 590 

Littorina sp. 0.8 0.0 ____ } • .1 6 

Trichotro~is cancellata 10.2 0.9 7.1 79 

Ne'tltunea 1yrata 1. 7 1.9 _ I.1 26 

Ne~tunea sp. 12.7 1.0 7.1 98 

Total Gastropoda 66.9 6.3 14.3 1,_047 

BIVALVIA 

Unidentified species 9.3 25.5 57.1 1,991 

Macoma S?· 1.7 4.4 14.3 87 

Protothaca staminea 10.2 50.7 64.3 3,914 ! 

Unidentified Vernerid 1.7 3.4 14.3 73 

Total Bi-17alvia 22.9 84.0 64.3 6,874 

!'-....., 
\ CRUSTACEA 
~ ., ---·-

Unidentified Barnacle - 0.8 1.4 7.1 16 

------·-----.,---..-------,.----·---~-----·--·-------------
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Appendix Table 2 (continued) 
~ • \' Percent 

Pl;'ey Form No·. Vol. F.O. IRI 

'· Unidentified Crab 4.2 1.3 28.6 158 

Total Crustacea 5.0 2.7 28.6 220 
j 

SIPUNCULA 

Sipunculus sp. 0.8 1.4 7.1 16 

ECRINODEIU1.A.T.A 

.Strongelocentrotus 0.8 2.0 7.1 20 
droebachiensis (Echinoid) 

Unidentif!.ed 0.8 0.1 7.1 7 
Strongy1ocentrotidae 

Unidentif!.ed Ho1othuroidea 0.8 1.3 7.1 16 

Total Ec~odermata 4.0 5.5 7.1 67 

,-. 
Februarv 1978, n = 9 

POLY CHAETA 

Unidentif::.ed species 4.3 0.3 11.1 50 

GASTROPODA 

Margarites pup ill us 2.1 0.6 11.1 31 

Ne1Jtunea :yrata 14.9 1.9 11.1 187 

Total Gas~ropoda 17.0 .. 2.5 11.1 216 

BIVALVIA 

Unidentif::.ed species· 4.3 5.0 22.2 fa~ 
Mytilus edulis 51.1 62.8 55.6 6-,-:m' 

Protothaca ~taminea 21.3 29.0 55.6 2,792 

Mya sp. 2:1 0.4 11.1 28 

,c<' .... '\ Total Bivalrla 78.8 97.2 55.6 9,786 

L 

----~.,----.-.-~---·------·-----·--
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Appendix Table 2 (continued.) 
~' 

-, 
Percent 

-- -- Prey Form No. Vol. F.O. IRI 

March 1978, n = 4 

_POLYCHAETA 
~-

Halosydna bre~setosa 5.3 2.0 25.0- 183 

f 
-'"GASTROPODA 

Unidentified species 21.0 8.2 75.0 2,195 .. 
Natica clausa '21.0· 26.3 25.0 1,184 

Total Gastropoda 42.0 34.5 75.0 5,738 

BIVALVIA 

Unidentified species 21.0 18.8 50.0 1,993 

Macoma sp. 5.3 0.8 25.0 151 _,_ 
Protothaca staminea 21.0 42.9 50.0 3,200 

-------·--

Total Bivalvia 47.3 62.5 50.0 5,490 

CRUSTACEA 

Unidentified Shrimp 5.3 0.9 25.0 154 

APril 1978, N == 5 

GASTROPODA 

Unidentified species 13.9 11.0 100.0 2,488 

Margarit.es sp. 33.3 4.4 20.0 i56 

Lacuna variegata 2.8 0.2 20.0 59 

Lacuna. s:p. 5.6 22.8 20.0 566 
! 

Neotunea 1yrata 2.8 22.8 20.0 511 

Admete c~uthouvi 27.8 4.4 20.0 643 
:-"--.__, 

Total Gastropoda 86.2 65.6 100.0 __ 13 ,180 

-------------------------~ 
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Appendix Table 2 (concluded) --, .. 

( 
.... ~ ... 

Percent l. 

Prey Form No. Vol. F.O. IRI 

-- - -- "":- -- BIVALVIA --

Unidentified species 8.3 20.1 40.0 1,138 
j 

Protothaca staminea 2.8 14.3 20.0 341 

Total Bivalvia 11.1 34.4 40.0 1,820 

CRUSTACEA 

. Unidentified Crab 2.8 0.1 20.0 58 

... 

---·-···-------------~-------------------'--~--'----'---'-"--'-'-----'-"--'-'=c:..__:::___:__.c 
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Appendix Table 3. Percent Aggregate Numbers and Volume, Percent Frequency of 
Occurrence, and Index of Relative Importance (IRI) of the 
Prey of Black Scoters and Surf Scoters Collected in 
Kachemak B.ay. 

Percent 
Prey Form No. Vol. F.O. nu 

Black Scoter, November 1977, N • 1 
BIVALVIA 

_,./ Mytilus edulis 100.0 100.0 100.0 20,000 

Surf s.coter, December 1977, N ,. 2 

POLYCRAETA 

Nephtys sp. 15.4 1+2. 6 so.o 2,900 

Unidentified Terebellid 7.7 0.5 50.0 408 

GASTROPODA 

Unidentified Turrid 7.7 o.s so.o 408 

BIVALVIA 

Unidentified 23.1 51.6 50.0 3,733 

Nucula tenuis 7.7 0.5 50.0 408 

Saxidomus gigantea 7.7 0.5 50.0 408 

Protothaca staminea 15.4 0.5 50.0 796 

CRUSTACEA 

Crangon sp. (Shrimp) 7.7 1.0 50.0 432 



i 
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Appendix Table 4. Percent Aggregate Numbers and Vo_lume, Percent Frequency of 
Occurrenc1!, and Index of Relative Importance (IRI) of the 
Prey of Cmmnon Murres Collected in Kac!lemak Bay. 

Percent 
Pre! Form No. Vol. F.O. IRI 

Pooled Samoles, December 1917 to Aoril 1978, n = 28 

POLYCRAETA 

Unidentified ~ereid 0.3 0.0 3.6 1 

CRUSTACEA 

Unidentified Species 1.1 2.2 14.3 46 

Neomysis raYii (Mysids) 83.3 49.0 39.3 5,200 

Decapoda ~atantia (Shrimp) 

Eualus sp. 0.3 0.6 3.6 3 

Pandalus borealis 5.6 1.6.7 17.9 398 

Pandalus gon:i.urus 0.3 0.4 3.6 2 

Pandalus sp. 0.3 1.4 3.6 6 

Unidentified Pandalidae 0.8 3.9 10.7 51 

Total Pandalid Shrimp 6.9 22.5 35.7 1,049 

Crangon francisco rum 0.8 3.9 10.7 so 

Crangon sp. 0.3 1.1 3.6 5 

Unident:Lfied Species o.8 3:9 10.7 51 
,.-· 

Total Shrimp 9.1 32.0 17.9 72~ 

Total Crustacea 93.5 83.2 39.3 6,lli 
~ ...... -

OSTEICHtHYES 

Unidentified Species 1.~ 1.1 17.9 42 

Cluoea harengus 0.3 5.3 3.6 20 

Mallotus villosus 0.5 2.5 7.1 22 

Unidentified Osmerid 1.8 0.8 14.3 37 

·-----------

c 



-116-

Appendix Table 4 (continued) 

Percent 
Prey Form No. Vol. K&:.. IRI 

Total Osm.eridae 2.J 3.3 . 14-. ;3 ---~ ----~ ---- 80---·· 

Theragra chalcogram:ma 1.3 5.2 - . 17. 9 - 117 
-
~-

----unidentified Gadid 0.3 0.1 3.6 1·--

// Total Gadidae 1.6 5.3 17.9 123 

Lumpenus maculatns 0.3 1.3 3.6 5 

" Unidentified Stichaeid 0.3 0.6 3.6 3 

Total Stichaeidae 0.6 1.9 3.6 9 
·--------

Ammodytes hexapterus 0.3 0.0 3.6 1 

Total Fish 6.4 16.9 17.9 417 

December 19772 n = 6 
t'.-, 

CRUSTACEA 

Neomysis rayii (Mysids) 96.0 73.4 83.3 14,116 

OSTEICHTHYES 

Unidentified Species 1.2 1.4 33.3 36 

Clunea harengus 0.6 15.8 16.7 273 

Mallotus villosus 0.6 3.2 16.7 6 

Theragra chalcogramma 0.6 6.0 16.7 109 

Ammodvtes hexapterus 0.6 0.0 16.7 10 

Total Fish 3.6 26.4 33.3 999 

! 

Januarv 1978 2 n == 9 

POLY CHAETA 

Unidentified Nereid 0.6 0.1 11.1 8 
)~, 

CRUSTACEA --~ 

Unidentified Species 1.8 5.8 33.3 255 

----·-.,----:------r-r-----------~· 
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~· Appendix Table 4 (continued) 
..... ~ ..... 

Pe·rcent 
Prey Form No. Vol. F.O. IlU 

Neomysis rayti (Mysids) 90.8 75.9 66.7 11,111 

Deeapoda Natantia (Shrimp) 
i 

Pandal.us goniurus 0.6 1.3 11.1 22 

Unidentified shrimp 0.6 0.7 11.1 15 
~ 

Total. Shrimp 1.2 2.0 11.1 36 

Total Crustacea 93.8 83.7 66.7 11,839 

OSTEICHTHiES 

Mallotus villosus 0.6 4.4 11.1 56 

Unident:ified Osmerid 3.7 2.2 33.3 195 

Total. Osmeridae 4.3 6.6 33.3 363 

,--, Theragra chalcogramma 1.2 
! 

9.6 22.2 241 

Total Fish 5.5 16.2 33.3 723 

Jebruarv 1978, n = 3 --
CRUSTACEA. 

Unidentified species 25.0 11.1 33.3 1,204 

Decapoda Natantia (Shrimp) 

Eualus sp. 25.0 .. 23,.3 33.3 1,611 

Pandalus spe 25.0 54.4 33.3 2, 648-
.r 

f 

Total Shrimp 50.0 77.7 33.3 4,252 

Total Crustacea 75.0 88.8 33.3 5,4~ 

OSTEICHTHYES 

Unidentified species 25.0 11.1 33.3 1,204 

r'~"', / 
' 
·:~--

------..,..__·------....-·------------



~. Appendix Table 4 (concl.uded) 

__ ) - - - --- - -- ~ -- ------- ---·- . 

,.-.__. 
I • 

Prey Form __ 

ClU!STACEA (All Shrllllp) 

-
:::__ Pandalus borealis 

/ _ H-~~dent~ied pandalidae 
-·' 

Total Pandalidae 

Crangon franciscorum 

Unidentified species 

Total Shrimp 

OSTEICHTHYES 

Unidentifies species 

CRUSTACEA (All Shrimp) 

Pandalus borealis 

Crangon franciscor~ 

Crangon sp. 

Unidentified species 

Total Shrimp 

OSTEICHTHYES 

Unidentified Species 

Theragra ~haZ~o~ 

Unidentified Species 

Total Fish 

-118-

Percent 
No. Vol. F.O. IRI 

March 1~8, n = 5 

60.0 47.3 40.0 4,295 

13.3 22.8 40.0 1,446 

73.3 70.2 40.0 5,740 

6.7 12.3 20.0 379 

13.3 17.2 40.0 1,221 

93.3 99.6 40.0 7,716 

6.7 0.4 20.0 140 

April 1978, n = 5 

54.6 58.0 60.0 6,750 

9.1 17.1 40.0 1,045 

4.6 0.0 20.0 91 

4.6 10.2 20.0 294 

72.9 85.3 60 .• 0 9,492 

9.1 2.9 40.0 470 

9.1 0.9 40.0 400 
! 

4.6 11.3 20.0 316 

4.6 0.0 20.0 91 ' 

27.4 15.1 40.0 1,700 
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Appendix Table 5. Percent Aggregate Numbers and Vqlume, Percent Frequency of 
'~·- Occurrence and Index of Relative Importance (IRI) of the i 

Prey of Three Pigeon Guillemots Collected in Kachema.k Bay. 
One Specim.en Each Collected in January, March, and April 
1978. 

Percent 
Prey Form No. Vol. F.O. IRI 

POLYCRAETA 

Unidentified species 1.5 6.9 33.3 281 

CRUSTACEA . -
Unidentified Mysida 3.1 0.8 33.3 130 

Decapoda Natantia (shrimp) 

Spirontocaris spina 4.6 1.7 33.3 209 

Eualus fabricii 1.5 1.1 33.3 88 

Pandalus goniurus 35.4 49.7 33.3 2,832 

Crangon se~tems~inosa 24.6 26.2 33.3 1,693 

Scleroc=angon alata 6.2 1.7 33.3 260 

Unidentified species 1.5 0.3 33.3 61 

Total Shrimp 73.8 80.7 33.3 5,145 

Decapoda Reptantia (crabs) 

Cancer oregonensis 13.8 3.4 33.3 576 
... 

Unidentified species 3.1 0.8 66.7 261 
~--

Total Crabs 16.9 4.2 66.7 1,4lf7 

Total Crustacea 93.8 85.7 66.7 11~9.13 
.. ....-. -

OSTEICHTHYES / 

Unidentified species 4.jJ 7.4 66.7 402 

(_ 

~----,··---___,.~--..,.------,..,...---.,..------~--------------------------__;_--
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Appendix Table 6. Percent Aggregate Numbers and Volume, Percent Frequency of 
Occurrenc.e and Index of B.elative Importance (IRI) of the 
Prey of ~rarbled Murrelets Callected in Kachemak Bay, 
January -· April 1978. 

Percent -
~ey Form No. Vol. _!!..Q.:._ IRI 

_/ Pooled Samnles, Januarr - Anrll 1978 7 n • 18 

CRUSTACEA .. 
Unidentified species • 0.8 1.2 5.6 11 

Unidentified Mysida 34.4 6.7 11.1 456 

Unidentified Gamm.arl.d Allq1hipoda 1.2 1.4 11.1 30 

Euphausiacea 

'!hysanoessa inermis 0.5 1.2 5.6 9 

Thysanoessa raschii . 19.4 5.7 16.7 418 

'!hvsanoessa s'Oin:!.fera 0.2 0.9 5.6 6 

Thysanoessa sp. 22.1 4.0 16.7 435 

Total Thysanoessa 42.2 11.8 16.7 902 

Total Crustacea 78.6 21.1 16.7 1,665 

OSTEICHTHYES 

Unidentified species 3.4 7.8 22.2 249 

Mallotus villosus 11.1 51.8 50.0 3,146 

Unidentified Osmerid 0.2 0.1 5.6 1 

Theragra chalcogramma 0.2 0.2 5.6 2 

Unidentified species 0.2 0.5 5.6 4 

Ammodytes hexapterus 6.4 18 .. 5 16.7 415 

Total Fish 21.5 78.9 50.0 5;o2o 
-.. ~ .... 

----·---·------------------

! 

,_ 
;, 
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Appendix Table 6 (continued) 

Percent 
Prey Form No. VoL 

January 1978, n = 6 

CRUSTACEA (All Euphausiids) 

Thysanoessa raschii 

Thysanoessa sp. 

Unidentified species 

.Total Euphausiacea 

OSTEICHtHYES 

Mallotus·villosus 

Unidentified species 

Ammodvtes hexapterus 

Total Fish 

14.7 

61.2 

2.2 

78.1 

21.0 

0.4 

0.4 

2l.8 

4.2 

9.6 

4.2 

18.0 

51.2 

1.7 

29.2 

82.1 

February 1978, n = 4 

CRUSTACEA 

Unidentified Mysida 72.2 17.9 

Unidentified Gammarid Amphipoda 2.8 6.4 

Euphausiacea 

Thvsanoessa inermis 1.0 .. 5.6 

Thysanoessa raschii 5.2 3.6 

Total Euphausiacea 6.2 9.2 

Total Crustacea 81.2 33.5 

OSTEICHTHYES -

Unidentified species 4:9 21.5 

Unidentified Osmerid 0.4 0.4 

Ammodytes hexaPterus 13.5 44.6 

Total Fish 18.8 66.5 

F.O. 

16.7 

33.3 

16.7 

33.3 

50.0 

16.7 

16.7 

50.0 

25.0 

50.0 

25.0 

25.0 

25.0 

50.0 

50.0 

25.0 

25.0 

50.0 

__ .....,... ____ . ..,..... _____ , ___ . ..,_ .. _ .. __ """'""' ... ---~--· 

IRI 

315 

2,358 

107 

3,200 

3,612 

35 

494 

5,195 

2,252 

460 

166 

219 
. .-· 

iss 

1,317 

20 

1,455 

4,265 
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'"""' Appendix Table 6 ( c011t.l.uded) 
') 

Percent 
Prey Form No. Vol. F.O. IRI 

--------~----------- -----·--·- March 1978 2 n =• 3 

-
~STACEA 

/ 
Unidentified Mysida 34.3 9.8 33.3 1,469 

-·-··-- -
Thysanoessa spinifera 2.9 3.3 33.3 204 

(Euphausiid) 
" 

Total Crustacea S7.2 13.1 33.3 1,675 

OSTHEICH'!HiES 

Unidentified species 2.9 6.5 33.3 313 

Mallotus vi11osus '54.3 78.9 100.0 13,320 

Theragra chalcogramma 2.9 0.9 33.3 124 

,-, 
Ammodytes hexapterus 2.9 0.6 33.3 117 

-- ------- -

Total Fish 63.0 86.9 100.0 14,990 

April 1978 2 n = 5 

CRUSTACEA (All Euphausiids) 

Thysanoessa raschii 82.6 17.6 20.0 2,005 

Thysanoessa sp. 4.3 5.9 20.0 205 

Total Euphausiacea 86.9 23.5 20.0 2,208 

OSTEICH'!HiES 

Unidentified species 7.6 5.9 20.0 270 

Mallotus villosus 5.4 70.6 60.0 4,561 ! 

Total Fish 13.0 76.5 60.0 5,370 

----·-.,-------·------·-----
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Appendix Table 7. 

Species 

Oldsquaw . 

White-winged Scoter 

Black Seater 

Surf Scot;,er 

Common Murre 

Pigeon Guillemot 

' 
' •. , 

Data on culmen length (CL), bill width (BW) and mouth area 
(CT. X BW) for b1rdo collected Jn winter on Kachemak 
Bay, Alaska. 

Culmen Length, rom 

n 

28 

38 

1 

4 

30 

3 

18 

XiSE 

(range) 

27.6±0.2 
(25.5-29.8) 

38.6±0.4 
(31. 4-44. 0) 

41.0 

38.2±1.4 
(35. 3-42. 0) 

45,2±0.4 
(41. 0-50. 0) 

35.0±0.2 
(34.6-35.4) 

15.9±0.2 
(14. )-17. 3) 

Bill Width, nun 

n 

21 

35 

1 

3 

28 

3 

18 

X±SE 

(range) 

14.8±0.6 
(10. 0-18. 0) 

18.4±0.8 
(12. 0-31. 0) 

14.0 

17. 7.±2. 8 
(12-21) 

15.6:!;0.4 
(11. b-19. 0) 

11. 7;1:0. 7 
(11.0-13.0) 

9.0±0.6 
(6.0-14.0) 

) 

I ' 

( 

'.• 

Mouth Area, mm2 

XiSE 

n (range) 

21 404±18 
(273-529) 

35 717±32 
(463-1,283) 

1 574 

3 720±147 
(442-941) I I 

...... 
N 
w 

27 703±19 I 

(517-885)' 

3 408±21 
(385-449) 

16 140±10 
(100-224) 

I 0 


