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ABSTRACT

- The winter feeding ecology of oldsquaw, white-winged scoters, common
murres and marbled murrelets was studied on Kachemak Bay, Alaska, from
November 1977 through April 1978. The birds together ate a minimum of 79

«<prey species. The sea ducks ate mostly benthic bivalves and gastropods,
“with fish and crustaceans sometimes important, while the alcids ate mostly

pelagic and demersal crustaceans and fish.
s

&
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Oldsquaw were extreme generalists, eating at least 60 prey species.
The most important w2re sand lance, and the bivalves Spisula polynvma and
Mytilus edulis. Scoters were genera11st5 on molluscs, mostly bivalves.
They ate at least 22 species; the most important were the bivalves Protothaca
staminea and Mytilus, and the snail Margarites pupillus. Both sea ducks
general ly foraged in water less than 20 m, the oldsquaw over substrates of
sand and mud, and the scoters over bottoms of shell debris and cobbles.

Murres ate at least 11 species of mid-water and demersal prey, mostly
the crustaceans Neomysis rayii (mysid) and pink shrimp. Murrelets ate at
least 8 prey species, primarily fish; capelin was the most important,
followed by sand lance, the euphausiid Thysanoessa raschii, and mysids.
Both alcids generally foraged in water deeper than 20 m over rocky bottoms,
but the murrelets occurred relatively clioser to shore. —

Highly significant differences in average prey length were observed
between oldsquaw and scoters, 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 Kachemak Bay depends on the production and
availability of organic detritus, which apparently originates largely from
winter die-off of extensive kelp beds. However, little is known about
ecological processes between kelp production, and production and avaitabiltizy
of the birds' filter- and deposit-feeding 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 birds are
either waterfowl or alcids, the two major groups of birds most suscentible
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. 1In
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 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.
"downstream" from most of Kachemak Bay.
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INTRODUCT ION

Kachemak Bay, located at the southern end of Cook Inlet in southcentral
Alaska, has long been recognized for its high biological productivity,
important commercial 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 environmental studies
of lower Cook Inlet by the Alaska Department of Fish and Game (Trasky, Flagg,
and Burbank 1977). In winter, over 90% of 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 community of wintering birds remained essentially unknown. This was
recognized as a major gap in the knowledge of lower Cook Inlet at the first
"synthesis meeting" 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 Kachemak 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 November 1977, and continued at monthly
intervals through April 1978. The primary objectives of the study were:
(1) to determine-the kinds, amounts and trophic levels of prey used by the
main species 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 (Clangulia -
hyemalis), white-winged scoter (Melanitta deglandi), and common murre (Uria
aalge). Erikson (1977) listed these species as abundant in lower Cook
InTet in winter. We discovered the location of marbled murrelets. (Brachyramphus

marmoratum ) wintering in the bay in January and collected samples of this
species from then until April. Erikson considered marbled murrelets common
residents in lower Cook Inlet. No other species was consistently present

in the areas ye worked, but we collected small samples of surf scoters (M. P
perspicillata), black scoters (M. nigra), and pigeon guillemots (Cepphus -
columba). alaucous-winged gqulls™ (Larus q]aucesgens) and mew gulls (E,

canus) were abundant near Homer Spit, but their proximity to human activities
prevented our collecting them. . st
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Table 1. General Categoriea of Prey Reported for Selected Specles of Marine Birds Along the
Pacific Coast of North America. X = major dletary item; o = minor item; . = incidental
Ltem. Adapted from Alnley and Sanger 1979

General Type of Prey

' Fish 7 Mollusca Crustacea Plants
Bird Speciles Midwater Benthic Eggs/lagvae Cephalopod Clams/Snails Midwater Benthic
0ldsquaw ) o o o X
Clangula hyemalis
White-winged Scoter o o X
Melanitta deglandi
Surf Scoter o X o
M. perspicillata '
3
Black Scoter ’ . X o o
M. nigra
Common Murre 'X o o
Uria aalge
Pigeon Guillemot X o o
Cepphus columba
Marbled Murrelet X ’ o o]

Brachyramphus marmoratus
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foraged 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%; echinodems, 4%; and vegetable matter, trace. Madsen
concluded that the birds he studied had eaten the same broad categories of
prey reported by other authors. He believed that the maximum prey size was

, "fairly fixed" for each bird species, but the minimum sizes varied with

i 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.

Common 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 in the

eastern Bering Sea (0gi 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

1ittle 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 murrelets consistently
foraged within 500 m of shore, in areas sheltered from prevailing winds and
in water depths less than 30 m. Four marbled murrelets collected in winter
near Vancouver Island (Munro & Clemens 1931) contained remains of shiner
perch (Embiotocidae), and mysids.

. e
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STUDY AREA

Trasky et al. (1977) provide extensive information on the geography,
climate, oceanographic environment, fisheries, and other 1iving resources
of Kachemak Bay. Descriptions below are from this report, unless cited

~atherwise.

PHYSIOGRAPHY AND GEOGRAPHIC SETTING

5
k4

Kachemak Bay is a major geographic feature of the Kenai Peninsula and
Cook Inlet (Figure 1). The bay is 38 km wide at its entrance, defined as a
1ine from Anchor Point on the north to Point Pogibshi on the south; and it
is approximately 62 km long. The extreme upper 6 km are mud flats which
are expased most of the time. Away from shore, water depths are relatively
shallow throughout the bay, mostly ranging from about 35 to 90 m (20-30
fm). Maximum depths, occurring just offshore between Yukon and Gull Islands,
range from about 110 to 165 m (60-30 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 biologically distinct sub-areas termed
the "inner" and the "outer" bays.

Kachemak Bay is bordered on the north by rolling hit¥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 and 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 point opposite Bear Cove, about 25-40% of the inner

bay is comprised of water less than 5 fm at mean lower low water (NCAA
Nautical Chart 16645). An area of about 36 km? at the extreme head of

the bay upstream of Chugalak Island is comprised entirely of mud flats or
water of less than a Tathom.

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 Tess 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 originating
from the glacial streams at the head of the bay and from erosion of bluffs
extend from here to the 10 fm line. Presumably, scattered boulders also

~~
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Figure 2. Types and locatioms of bottom substrates in Rachemak Bay. After

Driskell and Lees 1977, and SAI 1979.




occd} in adjacent subtidal depths. These boulders contain communities of
mussels (Mytilus edulis) and other biota, thus constituting rocky micro
habitats amid the mud and sand bottom (Less 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 Alaska. Cool summers,
mild winters, and frequent storms characterize the area. Precipitation
averages 71 cm (28 in.) per year, including 257 cm (101 in.) of snow. Air
temperatures in winter generally range from -8.3 to 5.6°C (17 to 42°F),
with occasional lows below -18°C (0°F). During this study, temperatures -
ranged from -13°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.

Physical Oceanography

Information an water circulation and general features of physical
oceanography are summarized from Burbank (1977) and Trasky et al. (1977),
unless noted otherwise. Most water in Kachemak Bay is normally intruded
from the Gulf of Alaska via Kennedy Entrance. 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 circulation in outer Xachemak Bay in summer
(Figure 3) indicates two adjacent, counter-rotating gyres on the south side
of the bay and a net northwest current ocut 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-¢lockwise gyres over the southern,
deep water part of the bay, and a southwest, longshore current over the
shallow northern part of the bay.

~———
ey

There is little direct evidence, but relatively saline water from
" below 30 m is probably entrained into the inner bay from deeper than 30 m,
coinciding with a net outward flow of low salinity water at the surface.

The inner bay is well-mixed, with salinities ranging from near zero at the

™
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in spring and summer, with

59°30'
152° -
Figure 3. Surface circulation in Kachemak Eay 1
typical net surface current velocities in knots. After Burbank
1977 and SAI 1979.
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head of the bay near river mouths, to as high as 32.59/00 (parts per thousand)
at the entrance to the inner bay (Br1ght_ Durham and Knudsen 1960, as cited
by Burbank 1977). However, typical salinity values for summer 1973 were 29-
30%/00 even in the more saline outer bay (Shumacher, Sillcox, Dreves &

Muench 1978). Circulation patterns directly 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 bilieved to form the base of the ecosystem in Kachemak Bay (Lees et al.
1980).

There is little oceanographic information for Kachemak Bay in winter.
In early March 1977, temperatures were 6°C and salinities were about 329/00
in Kennedy Entrance from the surface to the bettom, indicating a well-mixed
water column (Shumacher et al. 1978). Given the current pattern noted
dbove, temperatures and salinities were likely similar in outer Kachemak
Bay.° During this study, surface water temperatures generally ranged from 4
to 5°C.

In severe winters, ice builds up considerably in the inner bay behind
Homer Spit. Most ice probably forms 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
jce was not seen during this study. Ice scouring of the bottom in intertidal
ard shallow subtidal depths can adversely affect the benthos (Lees et al.
1980), thus directly 1nf1uenc1ng the distribution and abundance of the
birds' prey.

Primary 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;
Strickland 1970; Steele 1974). Larrance and Chester (1979) believe that
zooplankton grazing on the phytoplankton-<and the subseguent production and
sinking of fecal pellets was the main source of organic detritus reaching
the floor of outar Kachemak Bay. Phytoplanktoh productivity in the water
column was consistently high from May to August 1978. The significance of
phytoplankton production during the remaining two-thirds of the year from .~
September to April remain unknown, but it is probably insignificant in mid-
winter. The existence of phytoplankton production w1th1n and beneath the
ice (cf. McRoy and Goering 1974) has not been observed {nor suspected) in 7=
Kachemak Bay, because of the ice's freshwater origin, instability, and i

relatively short duration.

The importance of phytoplankton production should not be minimized,
but organic detritus from other sources may play a major role in driving
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Even less is known about the winter habits of pollock and sand lance.
Presumably pollock occur mainly at mid-water and demersal depths (Smith
1979) and sand lance are found mainly in, on, or near the bottom (Meyer et

*al. 1979). Sand lance were very important to oldsquaw collected in the
shallow inner bay and, with the distinctive benthic character of the rest .
of the prey of oldsquaw, it seems quite possible the birds captured sand

; lance while they were buried in the bottom sediment (Meyer et al. 1979).
Salmonids were not recorded in the diets of any birds, most likely because
they are not abundant in the bay until late May (Blackburn 1978).

In the southern, deep portion of the outer bay in January 1967, pink
shrimp (Pandalus borealis) were found from 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 1ittle information on the distribution of the birds'
benthic prey. This circumstance is discussed subsequently.
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FIELD METHODS

——-  We collected birds for stomach samplies and observed their distribution
and feeding behavior during monthly field trips of three to five days, from
November 1977 to April 1978 (Table 2). We worked in three general areas of

~"the bay, largely determined by the prevailing weather and by the birds'

- distribution in areas safely reached from Homer Harbor in the 6.7 m (22
ft.) work boat. We collected sea ducks in two areas within a few kilometers
of shore: 1. Between Homer Spit and Anchor 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 available two white-winged scoters 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 inner bay between Gull Island and
Glacier Spit (Figure 6 and 7). - In addition, we collected murrelets in China
Poot Bay in January.

We patrolled one of the three areas until 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 Teast 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 arrest digestion (van Koersveld 1950).
Specimens were then frozen until laboratory processing. Field data recorded
for individual specimens included the location, date and time of collection.

LABORATORY METHODS

Frozen specimens were stored in a laboratory freezer until processing,
which was usually completed within two weeks. For initial processing,
specimens were thawed and we recored standard ornithological measurements
and a "fat index," a qualitative evaluation of the amount of body fat (Table
3). We determined the sex and age of the specimen, removed the upper
digestive tract (esophagus, proventriculus, and gizzard), and stored 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 items such as
rocks. The stomach contents were drained of excess moisture, weighed to
the nearest 0.1 g, and their volume measured to the nearest ml by water
displacement. We then counted and identified the prey items to the lowest
possible taxon, and visually estimated the volume of each kind of prey as a
percent of the total. The greatest length of whole specimens were measured

~~




Table 2. ;Dates and numbers of birds collected in Kachemak Bay, Alaské, i
in winter for feeding ecology studies. | 2
|
' Number of Birds Collected E
1977 i 1978
Specles _ . Feb. 22 Nov. 9-13 Dec. 6-10 Jan. 9-12 Feb. 8-12 Mar. 6-9 Apr. 3-5 TOTALS
0ldsquaw 5 5 5 5 6 2 28
White-winged scoter 2 1 2 14 10 © 58 5 39
Black scoter 1 1 2
Surf scoter . 1 1 2 4
Common murre 6 9 5P 6c 5 31
Pigeon guillemot \ i l‘ 1 ?
Marbled murrelet 6 5¢ 5? 21
Totals 2 1 14 35 25 24 21 128

a no prey volume data on 1 bird
b 2 empty stomachs
c 1 empty stomach ;
d No prey volume o?‘Z birds
t X “\‘. .

L)
w

e’



Table 3. Criteria for determining the fat index of marine birds, modified after scheme di&igned for use on
freshwater waterfowl (U. S. Fish & Wildlife Service, Northern Prairie Wildlife Research
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 Evident Very little None Little fascia and None
grey-orange fat
2 Still 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 <
4 Not visible Consolidated Completely Moderate Moderate
through skin massges covered
5 Not visible Consolidated 3-6mm Heavy Heavy
through skin masses thick
extending

over lower
belly
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to the nearest mm, or in the case of fish otoliths (Frost and Lowry, in .
press) and fish vertebral columns and parasphenoid bones (Sanger et al.

1978), to the nearest 0.1 mm. We verified our prey identifications Dy

consultation with taxonomic specialists (see Acknowledgments) and maintained
a collection of voucher specimens for comparison 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, and their geographic distribution
in relation to feeding habitats. We analyzed trophic relationships per se
among the birds and their prey by comparing the relative importance of each
prey among the birds and the sizes of the prey when known.

The term "feeding habitat" is defined 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 oceanograph1c features 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. However, 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 normal habitats of
the prey in their stomachs, such speculation is credible. We 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 pigeon 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 calculated
these parameters for related groups of taxa (total fish, total crustaceans, /”
total shrimp, etc.) to enable us to evaluate the 1mportance 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 rates of hard and soft-bodied
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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 numbers and volume.

To overcome these shortcomings, Pinkas et al. (1971) combined these
——  -threevalues into an Index of Relat1ve Importance (IRI), wh1ch we usé "’
“here. The IRI is defined as: SIS i

P IRI =
%F0 =

-

v =

%N =

*F0 (%V + 2N), where

percent frequency of occurrence of a prey taxa or
group of taxa- in a sample of n birds

percent aggregate volume of a prey taxa, or group of
taxa in the combined volume of all taxa in the stomachs
of the sample of n birds T

aggregate percent numbers of a prey taxa or group of taxa
in the combined numbers of all taxa in the stomachs of the
sample of n birds.

Depending on the size of the three input parameters and by rounding
e them to the nearest 0.1%, IRI values can theoretically rapge 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%)1.
Although all of the IRI values and their input parameters appear in appendix
tables, we simplified the graphical presentation of the monthly IRI data by
assigning "importance levels" of each prey taxa to each bird species. These
are based an exponential increments of the IRI values, as follows:

Prey Importance Range of
Level IRI Values

+ ("trace") ‘ 1-9
1 10 - 99
2 100 - 999
3 1,000 - 9,999
4 TOPOOO - anq 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 (Figure
4). We collected all specimens within a few kilometers of the north shore
of the bay in water less than 18 m. Al1l birds had food in their stomachs,
although 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 1nc1udes at 1east e1ght species of gammarid
amphlpods which are treated as a group here.

Oldsquaw ate a diverse array of higher taxa as well as prey species.
These included: ome foraminifera; 9 polychaetes; 14 gastropods; 12 bivalves;
19 crustaceans (including one each, barnacle, mysid, cumacean, and isopod;
at least eight gammarid amphipods, three shrimps, and two crabs); one ectoproct,
three echinoderms (including two brittle stars one sea urchin); and two
fish. IRI values (appendix Table 1), indicate that the most important
higher taxa were: bivalves, 2,838; crustaceans, 1,435; f1sh 1,168; gastro-
pods, 374; and poTychaetes 321

Despite the p1ethora of prey species in the overall diet of the
oldsquaw, the Pacific sand lance was considerably more important than any
other, based on overall IRI values (apperdix Table 1). The next most
important taxa overall were the bivalve$ Spisula polynyma, Mytilus edulis,
Nucula tenuis, Glycymeris subobsoleta, Nuculana fossa, and the snail
Oenopota. However, except for the sand lance and perhaps Spisula and o
w¥t1|us, it is d1ff1cu1t to say if these species 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 like crustaceans ____
were collectively more 1mportant than some of the individual species of s
molluscs.

Prey Lengths. The lengths of the 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% of the prey were less than 10 mm,
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Table 4. Total lengths, in 10 mm increments, of all measurable prey from 28 oldsquaw hollLéted in Kachemak
Bay in winter

Prey No. of Prey in Length Increments (mm)

Species - 0-9 1.0-19 20-29 30-39 80-89 90-99 100-109 110-119 Total

POLYCHAETA/FORAMINIFERA
Foraminifera 1 1
Pectinaria sp. 2 2

GASTROPODA
Admete couthouyi 2 1 3
Aglaja diomedeum 2 2
Alvinia compacta 11 ’ ‘ 11
Cerithiopsis sp. 1 1
Lacuna variegata 13 13
Mitrella tuberosa 19 3 - . 22
Natica clausa 4 ‘ ¢ 4
Odostomia sp. 6 ’ .6
Oenopota sp. 19 19
Onchidoris bilamellata 1 1
Turridae 2 2

BIVALVIA
Glycymeris subobsoleta 80 80
Macoma sp. 200 6 206
Mya sp. 4 ' 4
Mytilus edulis 503 | : 503
Nucula tenuis 41 ' 41
Nuculana c.t. fossa 35 2 ) 37
Orobitella sp. 1 1
Protothaca staminea .19 19
Saxidomus gigantea 1 - , 1
Spisula polynyma 107 ' 107

CRUSTACEA

Gammarid Amphipods 13 "7 . K} 2 25

P
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Table 4 (continued) {

A
‘

Prey No. of Prey 1n Length Incrementa (mm) |

Species 0-9 10-19 20-29 30-39 80-89 90-99  100-109 110-119 Total

|
Cancer oregonensis 1 8 1
Crangon septemspinosa 1
Cumacea 2
Gnorimosphaeroma |

oregonensis
Hyas lyratus
Mysids
Spirontocaris spina ' 1

N b= O

[SUNN

o
L

ENCHINODERMATA
Echinoidea 1
Ophiuroidea 3 1

-

=3

S

3
'Y
+
r

N

3
<+

3
(%]
B~
N
o~

15

1150

W
£~
o
o~

TOTALS 1094 33 5 3

Percent of Total 95.1 2.9 0.4 0.3 0.5 0.3 0.2 0.3

~ | | ~
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and only 2% were over 19 mm (Table 4). The mean length of all measurable

prey was 6.8 mm (S.E. = 0.33) (Table 5). Most of the measurable prey were
gastropods (n = 84) and bivalves (n = 99). _

Data on the length frequencies of the prey are plotted by 2- mm increments
for the invertebrates (Figures 8 through 71) and by 10- mm increments for

=sand lance (Figure 11). The gastropod Mitrella tuberosa ranged from 1- to

12- mm (Figure 8), the large individuals Deing considerably larger than the ca.
6.4 mm (1/4 inch) size normally attained by the species (Abbott 1974). How-

_aver, about 73% of the 84 measurable gastropods were less than 6 mm (Figure 8).

Similarly, mcst of the bivalves were less than 6 mm
but the data for Macoma. and Mytilus (Figure 9), and
Nuculana (Figure 10 ) suggest ,the presence of at least a few older animals.
IT the age-length ratio of Nuculana fossa in Kachemak Bay is similar to
Cook Inlet in general, those eaten by oldsquaw 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, Glycymeris subobsoleta, also less than
10 mm, were age 3 or less, while Spisuia polynyma, 88% of them 2-4 mm
(Figure10 ), were all age class "0" (Feder and Paul loc cit.). Abbott
(1974) notes 76 mm as the maximum length attained by Mytilus edulis, so

those of less than 10 mm eaten by oldsquaw were clearly juveniles.

Most of the gammarid amphipods were less than 16 mm, but a few were 26
to 36 mm (Figure11). The sand lance, probably 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 collecting 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 throughout
the study (Figure 12), although no one species nor taxonomic 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 Spirontocaris (Figure 12), mysids
(Figure 13), and echinoderms (brittle stars 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

i in Kachemak Bay in winter.
) Length of Prey, mm
N -
Species Prey X S.E. Min. Max.
Ol&squaw 1,150 6.8 0.33 1 115
White-winged scoter 103 13.6 1.42 4 105
____ Surf Scoter 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
"7 Marbled Murrelet 138 26.3 2.02 4 135
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Figure 8.

Length frequencies of the columbellid gastropod Mitrella tuberosa (top)
and all gastropeds (bottom) in the stomachs of oldsquaw from Kachemak
Bay in winter.
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Figure 9.

Length frequencies of the tellinid clam Macoma sp. and the blue mussel.-

8
Mytilus edulis, in the stomachs of oldsquaw from Kachemak Bay in wintew-
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Figure 10. Length frequencies of the nuculanid clam Nuculana fossa and the

mactrid clam Spisula polynyma in the stomachs of oldsquaw from

Kachemak Bay in winter.
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gure ll. Length frequencies of gammarid amphipods (crustacea) and Pacific sand
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lance, Ammodytes hexapterus, in the stomachs of oldsquaw from

Kachemak Bay in winter.
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Table 6. Food weight as a %
1977 - April 1978.

of net body weight for marine birds collected im Kachemak Bay, November

/ .

November December February March April Tog_alf1
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 - max min - max min - max min - max min - max min - max min - max
Oldsquaw 5 0.7 0.22 51.0 0.24 5 0.8 0.14 50.90.30 61.6 0,32 2 0.45 0.15 28 1.0 0.19
. 0.2-1.3 0.4-1.7 0.8-3.0 0.3-0.6 0.2-3.0
White-winged 1 2.5 —- 22.6 — 14 2,1 0.21 10 2.6 0,32 5 2.00.63 5 2.1 0.63 9 2.2 0.16
Scoterd - - 2.3-2.8 0.6-4.1 0.8-3.9 0.0-4.1
Black Scoter 1 0.6 —- 10.0 -- 2 0.3 -
Surf Scoter 1 0.5 — 10.8 ~— 2 0.2 - 4 0.4 0.14
. - - - - - - - - 0.0-0.8
Common Murre 6 f.& 0.39° 9 1.0 0.21 50.10.09 60.8¢0.22 5 1.0 0.32 11.00.14
0.4-29 0.0-1.5 0.1-1.8 0.0-2.9
Pigeon : 10.8 — 13.1 — 10.7 —- 3 1.5 0.64
Guillemot - - - - - - ' 0.7-3.1
Marbled 6 1.6 0.66 51.7 0.94 33.01.8 51.5 0.6 19 1.8 0.42
Murrelet 0.4 - 3.7 0.8-6.6 0.4-3.2 0.0-6.6

a/ Includes white-winged scoter

data for Feb. 77:n=2(2.5 and 0.7), X = 1.6
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[SURFACE
drift or swim within 1/2 m —);
of alr-water interface

EPIPELAGIC
drift or swim within upper
5 m of water column
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EPIBENTHIC

11e, creep, cravwl, or swim ~p

on or just above bottom
INFAUNAL
live within
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Table 7. Net body'weightsﬂl of marine birds collected in Kachemak Bay, November

i
1
¢

[
0

i |
bl

)

"

Species

Oldsquaw

White-winged

Scoter —
Black Scoter
Surf Scoter

Common Murre

Pigeon Guiliemot

Marbled Murrelet

al .

Males
n X min  max
15 868 753 956
29 1,917 1,388 2,128
2 1,184 1,118 1,249
3 1,152 1,038 1,223
20 1,111 914 1,253
3 566 545 583
7 245 220 270

v

- Females
T
n X min max
13 177 670 888
10] 1,732 1,566 1,946
1 1,053 —_ —
6 1]119 950 1,214
12 233 212 281

Totals
nl X nin  max
28 826 670 956
39 1,869 1,388 2,128
2 1,184 1,118 1,249
4 1,127 1,038 1,223
26 1,113 914 1,253
3 566 545 583
19 237 212 281

af

" All birds were in adult pluhage, except for five (5) juvenile white—winged scoters collected in January;

three males weighed 1,897, 1,936, and 1,966 g; two females weighed 1,704 and 1,762 g.

includes one each male and female collected February 1977.

White-winged data
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Table 8. Fat 1nd1ces§/ of marine birds collected in Kachemak Bay, Alaska, November 1377 -

}

April 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 -~ max min -~ max min - max min - max min - may min - max min - max
Oldsquaw 54.2 0,80 53.80.37 5 3.0-- 52.80.21 6 2.7 0.21 2 2.,50.50 28 3.20.20
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 — '382/2.8 0.11
Scoter & 3 2-4 2-3 2-4 2 2-4
Black Scoter 1 2 - 1 2 —
¢ _ -
Surf Scoter 1 3 — 1 4 — 22,5 — 4 3.0 0.35
- - i 2-3 2-4
Common 6 4.0 0.26 9 3.2 0.22 5 3.20.20 5 2.6 0.24 52.80.37 30 3:2 0.15
Murre 3-5 2-4 3-4 2-3 2-4 2-5
Pigeon 1 3 — i 2 -- i 2 - 3 2.3 0.27
Guillemot - - - 2-3
Marbled 6 3.0 —- 52.80.20 5 2.2 0.49 52.2 0.20 21 2.6 0.15
Murrelet 3 2-3 1-4 2-3 1-4
al - i

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

|
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Figure 16. Monthly changes in the importance of major groups of prey (1eft), and shrimp, crabs, and molluscs

(right) in the diet of white-winged scoters from Kachemak Bay in winter.
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Table 9. Total Lengths, in 10 mm Increments,
Collected in Kachemak Bay in Winter

-,

of all Measurable Prey from 37 White-winged Scoters

N

Prey
Specles

POLYCHAETA
Nephtys sp.

GASTROPODS :
Admete couthouyi
Littorina sp.
Margarites pupillus
Natica clausa
Neptunea lyrata
Oenopota sp. '

"BIVALVIA .
Astarte rollandi
Glycymeris subobsoleta
Mya sp.
Mytilus edulis
Protothaca staminea

CRUSTACEA
Cancer oregonensis

ECHINODERMATA
Strongelocentrotus
droebachiensis

TOTALS
Percent of Total

No. of Prey in Length Increment (mm)

0-9  10-19  20-29  30-39  40-49  50-59  60-69  100-109 Totals
1 1
3 10 i 13
1 1
25 3 28
1 1 2
1 1 1 3
1 1
2 , 5 7
10 . 27 37
1 1
1 2 3
, 2 1 1 4
1 1
1 1
43 50 2 2 1 2 2 1 103
41.8  48.6 1.9 1.9 1.0 1.9 1.9 1.0 100.0

-517-
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WHITE-WINGED SCOTER, Kachemak Bay
Margarites pupillus, N = 28

gﬂ 2 4 6 B8 18 12 14 16 18 28 22 24 26 28 38 32 34 36 38 4B 42 44 46 48 38

% OF PREY

58+
45}
484
35¢
304
25¢
2l
154
184

5l

[ T

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

8
8 2 4 6 8181214 16 18 28 22 24 26 28 38 32 34 36 38 48 42 44 46 48 S8

PREY LENGTH (mm)

Figure 17. Length frequencies of the puppet margarite smail, Margarites pupillus

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

scoters from Kachemak Bay in winter.
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they probably use a certain amount of indiscriminant seiving through the
substrate to capture smaller prey. There is likely little or no light in

the feeding habitats of the scoters during much of the winter, which suggests

that the birds may use a sense other than sight to locate their food.

_ Net Body Weight and Fat Index

- Pooled net body weights of 29 male white-winged scoters ranged from
1,388 g to 2,128 g, and averaged 1,317 g; similar weights of 10 females
ranged from 1,566 g to 1,966 g, and averaged 1,732 g (Table 7). These
averages wer= significantly different at the 99% level, as determined by a
Teast squares anaslysis of variance (df=1 and 28; F=15.05). However, there
were no significant differences in the monthly mean weights of adult birds
(total 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 large differences in fat index among the six monthly 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
Apr 1978 5 2.00 ’ - D

These results show that the fat index fluctuated, though decreased
throughout winter and early spring, and culminated with a value for April

that was significantly lower than any other month. c—
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Table 10. Total lengths, in 10 mm increments, of all measurable prey fromf28 common murres collected
in Kachemak Bay in winter. '

L2
o

—

Prey No. of Prey in Length Increment (mm) '
Speciles ' 30-39 40-49 50-59 60-69 70-79 80=89= Totals
CRUSTACEA
Neomysis rayii 98 52 { 1 151
Pandalus borealis 5 2 1 8
P. goniuris 1 1
Crangon franciscorum 1 1 1 3
FISH
Mallotus villosus 1 1
Unid. Osmerid 1 2 3
, . a/
Theragra ahalcogra:{vya -
Lumpenus maculatus>
TOTALS 98 54 6 5 2 2 167
Percent of Total 56.3 31.0 3.4 2,9 1.1 i.1

A

a/
Six T. chalcogramma in length increments, as follows:
1,110-119; 1,120-129; 2,130-139; 1,150; 1,170-179.

b/

- One L. maculatus in 100-109 inorement

e

L
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Figure 19. Length Zrequencies of the mysid crustacean Neomysis ravii in the

stomachs of common murres from Xachemak Bay in winter. -




) ) . )
] - 4 3 -
1 4 Total Total l. I
wj | Fish | Clupeids |
> 2»- = 2' T0t8| -
';1_]' 5 I \ ! Crustaceans
Lu, O N \ -, R R 1‘ . OL 1 L a 1 — i 1
O 4 Bl 4r Total " Pandalus borealis
Z _ | Mallotus villosus | Pandalid » | Pink Shrimp
S—- | Osmerids | Capelin 2_Shrimp f _ [
: 1 A | -/ /
8 ‘0 1 . 1 L ) 1/1\; 0 O‘ 1 A 1 1 L L —
E 4r - 4 Neomysis rayii
IR i T?ta_', ‘ | Theragra chalcogramma - Pandalus goniurus : Mysid
L>-u ol Gadids | | Walleye Pollock | of Humpy Shrimp
o 1 p— L . |
a. - L L_A—/\ 'E F
M BT T M AND T FMAIOND I FMANDJ FM A
N:069355069355| 0693550619355
| MONTH | MONTH

Figure 20. Monthly changes in the importance of fish (left) and crustaceans (right) in the diet of

common murres from Kachemak Bay in winter.
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_J___and averaged 1,113 g for all 26 birds (Table 7).

The fat index (Table 8, Figurel15 ) ranged from two to five for individual
birds, and averaged 3.1 (S.E.=0.15) for all birds. A one-way analysis of
variance revealed significant differences between monthly means at the .05
level (F=4.68; p=0.0056). Inspection of the fat index data for the common

~murres suggests that fat indices declined from December through March.

~———

-

5

PIGEON GUILLEMOT
s

We collected three pigeon guillemots--cne on the north side of the
inner bay in January, one on-the north side of the outer bay in March, and one
on the south side of the inner bay in April (Table 2; Figure 18). All
three birds had food in their stomachs.

Food Habits

Together the guillemots ate a minimum 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 aagregate prey yolume. The shrimp
were dominated by Pandulas goniuris, which accounted for 50% (IRI=2,832) of
the aggregate volume of all prey, and by Crangon septemspingsa, which
comprised ancther 26% of the volume (IRI=T,0%3) (Appendix Tabnle 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 3.7%, 0.8%, and
3.1% of the net body weight, and it averaged 1.5% (S.E.=0.64) (Table 6).

Prey Lengths. The lengths of 15 measurable prey pooled from the
guillemots ranged from 17 to 66 mm, and averaged 28.3 mm (S.Z.=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 545, 571 and 5383 g,
with an average of 3¢6.2 g (S.E.=9.2) (Table 7). Fat indicas (n=3) were
‘either two or three, and averaged 2.3 (S.£.=0.27) (Tgb]e 8).




N s

Table 11. Total Lengths, in 10 mm Increments, of all Measurable Prey from three

Pigeon Gulllemots Collected in Kachemak Bay in Winter

No of Prey in Length Increments (mm)

Prey
Species ' 10-19
CRUSTACEA
Mysids 1
Pandalus goniuris
Crangon septemspinosa
Salerocrangon alata 1
TOTALS 2
. Percent of Total 13.3

20-29 30-39 60-69
l
6 2
2 1
1 1
9 3 1
60.0 20.0 6.7

Totals

W w 0o =
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Table 12. Total lengths, in 10 mm increments, of all measurable grey from 18 marbled murrelets
collected in Kachemak Bay in winter.

Prey No. of Prey in Length Incrementa'(mm) i
Specles 0-9 10 19 20 29 30 39 40 49 50--59 Totals
, —_— _— —_— — —_— —_— —_—
FISH /
Mallotus villosus® / | 1 2 6 8 17
Ammodytes hexapterus — 2 9 11
Unid. larvae 3 3
CRUSTACEA :
Gammarid Amphipods 6 6
Mysids 16 1 4 21
Thysanoessa inermis 1 1 2
T. raschii 42 2 44
T. spinifera . 2 2
T. sp. ‘ \ 1 23 24
TOTALS , 1 91 7 8 15 8 130
Percent of Totals 0.7 65.9 5.1 5.8 10.9 5.8
a/

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

b/ |
Plus tumnéi. hexapterus in length increments as follows:
1,100-109; 1,130-139,
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Figure 22. Length frequencies of capelin, Mallotus villosus, in the stomachs of

marbled murrelets from Kachemak Bay in winter.
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prey of marb ed murrelets off British Columbia during the breeding season
(Sealy 1975).

Monthly Changes in Prey Importancé. The small sample sizes (3 to 6)
preclude statistical 1nferences about monthly changes in the importance
levels of prey, but some interesting trends are suggested. Thé prey

~importance levels of capelin and sand lance (Figure 24) appear to vary in
“Tnverse proportion, a possibility also suggested for total mysids and total
euphausiids, . . The prey importance Tlevels of both total fish
e and total crustacea remained consistently high
_ ~ (three or four) from January through April. -

Food Weight as a Percent “of Body 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 (Table 6). The latter value resulted from 15 g
of food in'a 228 g bird. Average values were low, ranging from 3.0% (S.E.=1.8)
in March to 1.5% (S.E.=0.6) in April. Twelve 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 locations of the murrelet collection sites (Figure 7) and the known
habits of their dominant prey species (capelin, euphausiids) suggest that
N the birds fed mostly over rocky habitats, at mid-water depths. However,
the presence in their diet of sand lance, gammarid amphipods, and mysids
shows that the murrelets spent some of their time feeding in.epibenthic/demersal
habjtats (Figure 30).

Net Body Weight and Fat Index

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

The fat index (Table 8; Figure 15) ranged from one to four for.individual
birds, and averaged 2.6 (S.E.=0.15) 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; D=0.10). This suggests that there
was little change in the nutritional state of the murrelets throughout the
study.

~
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Table 13. The relative importance of 79 species of prey to seven species
of marine birds in Kachemak Bay, Alaska in winter. The impor- B
- tance categories are based on the Index of Relative Importance i
values of the prey species, as follows: + = (0-9; 1 = 10-99;

2 = 100-999; 3 = 1,000 and up.

14

/

i Importance Level of Prey to Bird Speciesé

OLSQ WWSC BLSC SUSC COMU PIGU MAMU
Number of Specimens 28 39 2 4 31 3 21
Number with Prey 27 37 1 2 28 3 18

- PREY SPECIES

PROTOZOA

Foraminifera

Unidentified +
POLYCHAETA
Unidentified 1 + 2
o~ Polynoidae

Halosydna_brevisetosa +
Harmothoe extenuata +

Sigalionidae
Phloe minuta +

Phyllodocidae
Anaitides mucosa +
Eteone sp. + n
Unidentified + -

7

Nereidae '
Unidentified + + T

Ne@htyidaé
Nephtys sp. 4 3

. Goniadidée

Glyeinde sp. + S
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Table 13. Cont'd, p. 2 of 9 -64=

BIRD SPECIES2/

OLSQ WWSC BLSC

SUSC COMU PIGU MAMOU

Number of Specimens 28 39 2
Number with Prey 27 37 1

Lumbrineridae
—- Lumbrinereis sp. +
4 Pectinariidae

-

Pectinaria sp. 1
Ampharetidae .

Amphdrete SP. +

Unidentified +
Terebellidae

Unidentified

MOLLUSCA

Gastropoda (Smails & allies)
Unidentified 1l 2

Limpet species +
Trochidae

Margarites pupillus 2

Margarites sp. 1
Lacunidae

Lacuna variegata 1 +

Lacuna so. +
Littorinidae

Littorina sp. +

4 31 3 2
2. 28 3 18
2

’




Table 13. Cont'd, p. 3 of 9

Rissoidae
Alvina compacta
Cerithiidae
Cerithiopsis sp.
Trichotropidae
Trichotropis cancellata
Naticidae
Natica clausa
Muricidae
Trophonopsis pacificus
Pyrenidae A
Mitrella tuberosa
Neptuneidae
Neptunea lyrata
Neptunea sp.
Cancellariidae
Admete couthouyt
Turridae
Oencrota sv.
Unidentified
Pyramidellidae
Odostomia sp.
_Aglaji&ae

Aglaia diomedeum

~65-

OLSQ WwsC

BLSC

SUSC COMU PIGU MAMU
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Table 13. Cont'd, p. 4 of 9

Retusidae
Eetusa sp.
Onckidorididae
(nehidoris bilamellata
Bivalvia (Clams and mussels)
Unidentified
Nuculidae
- Fucula tenuis
Nuculanidae
Puculana c.f. fossa
Glycymerididae
Glyecymerts subobsoleta
Glycymeris sp.
Mytilidae
Mytilus edulis
Montacutidae
Orobitella sp.
Astartidae
Astarte rollandi
Cardiidae
Clinocardium sp.
Mac:cridae

Spisula polynyma

66—

QLSQ WWSC BLSC SUSC

COMU PIGU MAMU

1




Table 13. Cont'd, p. 5 of 9 -67-

Iellinidae
Macoma balthica
Macoma sp.
Veneridae
Saxzidomus gigantea
Psephidia lordi
Protothaca staminea
Unidentified
Myidae

Mya sp.

CRUSTACEA (Phylum Arthropoda)

Cirripedia (Barmacles)
Unidentified

Mysida (Opossum shrimp)
ﬁwmysis rayit
Unidentified

Cumacea
Lamorors sp.
Unidentified

Isopoda ("Pill bugs")

Gnerimesphaeroma
oreconensis

OLSQ WWSC BLSC 'SUSC COMO PIGU MAMU

+

2 1

+ 2

+

1 3 2

1
1 +
+ +
3

+ 2 2
+ -
+
+

B




Table 13., Cont'd, p. 6 of 9

Gammaridea Amphipodahf
Unidentified

Ampeliscidae (?)
Unidentified
Atylidae

Atylus sp.

" Beaudettidae -

Unidentified
Gammaridae
Melita sp.
Haustoriidae
Unidentified
Lys ianassidae
Anonyx (laticoxae ?)
Anonyx sp.
Oedicerotidae
Unidentified
Phoxocephalidae

Unidentified

Euphausiacea (Euphausiids or krill)

Thysanoessa inermis

Thysanoessa raschii

Thysanoessa spinifera

OLSQ WWSC BLSC SUSC COMU PIGU MAMU

P

’
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Table 13., Cont'd, p. 7 of 9

© Thscnoessa sp.

’

N Unidentified

Decapoda Natantia (Shrimp)
Spirontcearis spina
Eualus Fabricii
Eualus sp.
Pandalus borealis
Pandalus goniurus
Pandalus jordant
Pandalus sp.
Unidentified pandalidae
Crangon septemspinosa
Crangon franciscorum
Crangon sp.
Selerocrangon alata
Unidentified

Decapoda Reptantia (Crabs)
Hyas lyratus
Cancer oregonenstis
Cancer sp.

Unidentified

-69-
OLSQ WWSC BLSC SUSC coMy PIGU MAMU
2
1
+ 2
1
+
2
1 + 3
+
+
+ 1
1 3
1
2
2
+ + 1 1
1 .
l” . 3
1 f,f
1 2
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Table 13. Cont'd, p. 8 of 9  -70-

OLSQ WWSC BLSC SUSC COMU PIGU MAMU

'STPUNCULA (Peanut Worms)
Sipunculus sp. +
ECTOPROCTA (Bryozoans)

- Mieroporina borealis +

——

~—

ECHINODERMATA

5
7 Ophiuroidea (Brittle Stars)

Ophicpholis aculeata - 1
Amphipholis pugetana +
Unidentified 1

Echinoidea (Sea Urchins)

‘ Strorgelocentrotus
droebachiensis +
Unidentified ‘ + + —_
Holothuroidea
Unidentified +

OSTEICHTHYES - (Bony Fish, Phylum Vertebrata)
Unidentified : + 1 2 2
Clupeidae (Herring)

Clupea harengus 1
(Pacific Herring)

Osmeridae (Smelts)

Mallotus villcsus 2 3
(Capelin)
Unidentified 1 +




Table 13. Cont'd, p. 9 of 9

-71=
1/‘—.\
f . OLSC WWSC BLSC -SUSC COMU PIGU MAMU
Gadidae (Cods)
M Theragra chalcogramma : 2 +
(Walleve Pollock)
i Unidentified ' + +
Cottidae (Sculpins)
Unidentified +
Stichaeidae (Pricklebacks)
Lumperus maculatus _ +
(Daubed Shanny)
Unidertified +
Ammodytidae
Admmodytes hexapterus 3 ' + 2
(Pacific Sand Lance)

Footnotes

-i/Bird Species: OLSQ = Oldsquaw; WWSC = White-winged Scotar; BLSC =

Black Scoter; SUSC = Surf Scoter; COMU = Common Murre; PIGU = Pigeon

Guillemot; MAMU = Marbled Murrelet

b/For gammarid amphipods, "P" indicates animal was present, but volume,

numbers, or frequency of occurrence were undeterminec.
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at
/" Tablé 14. Probable habits of the main prey species of marine birds in

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

.

Prey Importance

= Level Prey Species and Their Probable Habitats
e SURFACE/EPTPELAGIC
3 ' Capelin
2 Thysanoessa raschii
(Euphausiids)

hkkhhkdkhhkhhkrkhhhhrhhhhhhitrrrrhrhhkhhirhhhhihhkhhhhchhhkrhhhhhhhhkhirhhhrrdhihihhhhhrit

MIDWATER
o 3 ? Neomysis rayii Pandalus goniuris - Capelin
(Mysids) (Humpy Shrimp)
2 Thysanoessa raschii Pandalus borealis Walleye Pollock
(Euphausiids) (Pink Shrimp)

Sandlance
HRRRARARRRARARARARARRARARRRERARRRERRA R AIT AR AR DR Rk xhkhThhhrhkhkhhhkthkrddiikhhdhk

"DEMERSAL
3 ? Neomysis rayii DPandalus goniuris
2 Spirontocaris spina Pandalus borealis
(Shrimp) (Pink Shrimp) Walleve Pollock

Sandlance

AARAKRARRAARARARKRARRRARAAAARAR AR AARAhhhAThhhhhhhhhdkhhhhhhhhrrthiihrthrrhiiohihiihst

A
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‘Table 14. . Continued

3 ' Crangon septemspinosa Cancer oregonensis
] : (Sand Shrimp) (Red Rock Crab)
" "Mud/Sand - _ - '
‘ Boulders/Cobbles
Sandlance | Mytilus edultis

(Blue Mussel)

Neomysis rayii

(Mysids)

Oenopota , Margarites pupillus
2 (Turrid Smail) : (Puppet Margarite Smail)
Mud/Sand
Gammarid Amphipods ? Spirontocaris spina
- ‘ (Carid Shrimp)
Shell Debris |

Seleroerangon alata
(Crangonid Shrimp)

Gammarid Amphipods

Mytilus edulis

(Blue Mussel)
dkdkkhkkhhhhhhhriihhhkkkhkhhiidkhhhhRRrrrrrrhghiioRiiiihkhhhiiddikdikiikidkiikhkhhhiriris

INFAUNAL "
3 Protothaca staminea Protocthaca staminea =
Mud/Sand (Common Littlemneck Clam) . (Common Littleneck Clam)
: _ Shell Debris
. Nucula tenuis - Spisula polynyma
2 . (Clam) (Clam)
Mud/Sand Nucula foss Mud/Sand Macoma sp.
(Clam) - , (Clam)
Glycymeris subobsoleta Gammarid Amphipods

(Clam)

.
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which of these links are present in the food web of Kachemak Bay, a bird
species may function as a first-to fourth-order carnivore.

With these points in mind, it is possible to depict the ecological

_processes and enerqy pathways probably operating at-the-base—ofthe-trophic —— .

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

~and pathways may be summarized as follows:

s

K4

1. Stocks of kelp around the southern perimeter of Kachemak Bay and
s 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'zéoplankton grazing on phytoplankton, and
the abrasion and seasonal die-off of kelp both produce a rich
source of organic detritus;

3. Oce=an currents carry the kelp detritus from Kennedy Entrance into
Kachemak Bay;

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

8. The microbially-enriched detritus supports a rich community of
denosit- and filter-feeding demersal and benthic—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" (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."
Such food webs are indicated for oldsquaw (Figure26 ), white-winged scoters
(Figure 27), common murres (Figure 28), pigeon gquillemots (Figure29 ), and’
marbled murrelets (Figure 30). Also shown are the probable feeding habitats
of the oldsquaw, white-winged scoters, and marbled murrelets. [t seems
1ikely 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 (Figure 31). Comparisons of the mean

oy
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Pandalus borealis

" PINK SHRIMP ' 2

Crangon franciscorum @

SAND SERIMP WALLEYE POLLOCK

Clupea Aarengus

HERRING

COMMON MURRE
N=28

X Nallotus villosus
«—@)— el

Theragra ':buccqzm;

- Neomysis rayii

MYSID

Figure 28.

Food web for common murres wintering on Kachemak Bay, showing

the six primary prey species and their relative importance to
the birds. Percent volume of prey indicated, and arrow thickness
proportional to prey's index of relative importamce (IRI).
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mouth areas between the benthic-feeding oldsquaw and white-winged scoters, and
between the pelagic-feeding murres and murrelets both showed differences at
the 99% Tevel of significance (t-test of the differences between two means,
Sokal and Rohlf 1969:222). Similar comparison between the mean lengths of
the prey of the two waterfowl, and of the two alcids also each showed
differences at the 99% level of s1gn1f1cance.

T—-  These differences are further illustrated when the lengths of prey

taxa eaten by two bird species are compared. Mytilus was eaten by both
pldsquaw and white-winged scoters, but the 503 mussels from the oldsquaw

~"were all less than 10 mm (Table 4), while the three from the scoters were

50 to 69 mm (Table 9). Similarly, the 19 Protothaca clams from the oldsquaw
were less than 10 mm, while the four Protothaca from the scoters ranged
from 10 to 49 mm.

SimiTarly, 151 mysids eaten by the murres ranged from about 30 to 50
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 general conclusion
“seems to'be that any number of parameters could be used to compare prey sizes.
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the Kennedy Entrance area would be particularly threatening to the birds |
and to fauna at lower trophic levels in their food web. The key habitats
and species would be the same as those mentioned above.

Tanker Routes

- The BLM development scenario indicates tanker routes roughly paralleling

“The north and south shores of outer Kachemak Bay. Any spill here could have
dire consequences for marine birds, both by direct oiling and by contami-

_nating their food and organisms at lower trophic levels in the food web. The

-" key habitats and species would be the same as those mentioned above. Routes

along the south shore woud appear 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 gyral currents of the bay, thus exposing the
birds and their prey to contamination for greater periods of time.

Physical Disturbances

It is difficult to assess the possible negative effects of disturbance
to the wintering birds from aircraft and boat traffic. The main problem is
the lack of comparative quantitative information on "before and after"
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
on the Pacific Coast which have aircraft and particulariy-boat traffic.
Chiniak Bay on Kodiak Island and Puget Sound, Washington, are two such
examples. During our studies, the white-winged scoters were particularly
skittish at the approach of our boat, a situation we also experienced in
the Kodiak Area. However, fishermen are known to shoot marine birds for
crab bait and it is possible that the scoters have learned to be wary of
the approach of any boat.
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— Appendix Table 1. Percent Aggregate Numbers and Volume, Percent Frequency of
O _ Occurrence and Index of Relative Importance (IRI) of the
3 Prey of Oldsquaw Collected in Kachemak Bay.

. Percent

Prey Form . No. Yol. - F.O. . IRI
o Pooled Samples, November 1977 — April 1978, n = 27
“FroTozoA “
Unidentified Foraminifera 0.0 0.0 3.7 0
* POLYCHAETA
Unidentified species T 0s5 2.8 25.9 85
Harmothoe extenuata '0.0 0.2 3.7 1
Phloe minuta 2.0 0.3 3.7 g
Anaitides mucosa 0.0 0.2 3.7 1
Eteone sp. 0.0 0.3 _ 3.7 1
- Unidentified Phyllodocid 0.0 0.0 .7 0
| Unidentified Nereid 0.0 0.1 3.7 1
Glycinde 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
Ampharete sp. 0.2 1.3 3.7 6
Unidentified Ampharetid 0.9 1.3 3.7 A ’ -8
Total Polychaeta 4.4 8.0 25.9 | 321
GASTROPODA i
Unidentified species 3.3 0.9 18.5 78
Unidentified Limpet 0.0 0.2 3.7 1
Lancuna variegata 0.9 0.2 18.5 20
Alvina compacta 0.8 0.3 25.9 28
KD Cerithiopsis sp. 0.0- 0.1 3.7 ' _ 0

Natica clausa — 0.2 1.9 3.7 8
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Appendix Tabie 1 (continued)

Prey~Form

'Trduhononsis pacificus

Mitrella tuberosa

Neptunea sp.
Admete couthouyd

Qenopota sD.

Unidentified Turrid

.. Odostomia sp.

Aglaja diomedeum
Retusa sp.

Onchidoris bilamellata

Total Gastropoda

BIVALVIA

Unidentified spécies

Nucula tenuis

Nuculana c.f£. fossa

Glycymeris subobsoleta

Glycymeris sp.
Mytilus edulis

Orobitella sp.

Clinocardium sp.

Spisula polynyma

Macoma balthica

. Macoma sp.

Saxidomus giganteav

‘Psephidia lordi

-97-

Percent -
0.6 0.0 3.7
1.2 1.3 3.7
0.0 0.1 3.7
0.1 0.1 3.7
3.7 2.5 18.5
0.2 0.3 7.4
0.4 0.1 18.5
0.1 0.0 3.7.
0.0 0.0 3.7
0.1 1.2 7.4
11.0 9.2 18.5
0.2 1.7 18.6
2.4 3.4 37;0
2.2 1.4 29.6
7.1 1.7 22.2
0.0 0.1 3.7
21.9 4.9 33.3
0.0 0:6 3.7
0.0 0.0 3.7
26.5 5.1 29.6
0.0 0.0 3.7
9.8 3.0 11.1
0.0 0.0 3.7
0.2 0.1 3.7

114

10

10

374

35

219

108

196

894
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Appendix Table 1 (continued)

Prey Form

Protothaca staminea

Total Bivalvia

~ =CRUSTACEA

Unidentified Barmacle
5

5?

-

Unidentified Mysid
Lamprops sp. (Cumacean)
Unidentified Cumacean

Gnorimosphaeroma oregonensis
(Isopod)

Unidentified Gammarid Amphipoda
Unidentified Decapod
Decapoda Natantia (Shrimp)

Spirontocaris spina

Pandalus goniurus

Pandalus jordani

Unidentified shrimp
Total Shrimp
Decapoda Reptantia (Crabs)

Hvas lyratus

Cancer oregonensis

Cancer sp.
Unidentified species
Total Crabs

Total Crustacea

Percent
1.2 1.1 29.6
0.8 C.4 22.2
72.3 22.9 28,6
0.1 0.8 7.4
0.0 0.1 3.7
0.1 0.1 3.7
0.0 0.1 7.4
0.0 0.1 3.7
2.0 5.4 51.8
0.2 0.7 7.4
0.1 0.8 7.4
0.8 3.6 7.4
0.0 0.3 3.7
0.1 0.2 3.7
1.7 6.3 7.4
1.5 2.1 14.8
0.7 2.8 14.8
0.4 1.7 11.1
0.3 0.4 7.4
2.9 7.0 14.8
7.1 20.6 51.8

66

26

- 2,818

32

59

54
52

23

147

1,435

4



— Appendix Table 1 (continued)

\\

Prey Form
i) ECHIURA

Echiurus echiurus alaskanus

-90~

ECTOPROCTA

Microuo:ina borealis
ECHINODERMATA
-Ophiuroidea

Ophiopholis aculeata

Amphipholis pugetana

Unidentified species
Total Ophiuroidea
o~ Unidentified Echinoid
Total Echinodermata
OSTEICHTHYES
Unidentified species
Unidentified Cottid

Ammodvtes hexapterus

Total Osteichthyes

POLYCHAETA
Unidentified species
Pectinaria sp.

- Total Polychaeta

™ GASTROPODA

_ Percent
Yo. Vol. F.O.
0.0 0.8 3.7
0.0 0.2 3.7
1.3 2.3 3.7
0.2 0.4 3.7
0.3 8.4 7.4
1.8 11.1 7.4
0.0 0.1 3.7
1.8 11.2 7.4
0.1 0.3 7.4
0.0 2.3 3.7
2.1 23.9 40.7
2.1 26.5 40.7
November 1977, n = 5
0.1 0.3 20.0
0.4 3.5 20.0
0.5 3.8 20.0
0.8 0.2 20.0

Lacuna variegata

13

64

95

96

1,059

1,168

P

~ —

3=
78

86

21
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Percent
Prey Form No. Vol. F.0..
Alvina compacta 0.8- 0.8 60.0
Neptunea sp. 0.1 0.4 20.0
= _ Oemopota sp. 3.5 3.9 40.0
y Odostomia sp. 0.3 0.1 20.0
“ onchidoris billamellata 0.3 1.8 20.0
Total Gastropoda ;:8 7.2 60.0
BIVALVIA
Nucula tsnuis 0.7 0.9 40.0--
Nuculana c.f. fossa 0.1 0.3 20.0
Glycymeris subobsoleta 9.1 3.8 40.0
s Mytilus edulis 14.8 2.7 6Q.0
Spisula polynyma 60.3 23.6 60.0
Psephidia lordi 0.5 0.7 20.0
Protothaca staminea 0.7 2.1 60.6” o
Mya sp. 1.4 1.4 20.0°
Total Bivalvia 87.6 35.5 60.0
CRUSTACEA
Lamprops sp. (Cumacean) 0.3 0.7 20.0
Unidentified Gammarid Amphipoda C.5 0.9 20.0
Unidentified Decapod 0.3 3.5 20.0
Pandalus goniurus (Shrimp) 2.2 22.1 40.0
Decapoda Reptantia (Crabs)
. Hvas lyratus 0.4 1.2 40.0
- v
‘mj' Cancer cregonensis 1.2 3.4 20.0
Cancer sp. 0.1 0.3 20.0

IRI
94
10

299

40

780

62

518
1,051
5,033

25

167

55

7,386

19
28
75

970

64

92
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Appendix Table 1 (continued)

U

P
- ) Percent v
Prey Form No. Vol. F.O. IRT
* Total Crabs 1.7 4.9 40.0 264
Total Crustacea 5.0 32.1 40.0 1,484
j OSTEICHTHYES
Ammodytes heﬁapterus 1.0 21.6 60.0 1,350
December 1977, n = 5
PRbTOZOA
Unidentified Foraminifera 0.3 | 0.2 20.0 10
POLYCHAETA
Unidentified species 0.3 0.2 20.0 10
Pectinaria sp. 0.6 0.6 20.0 23
a Total Polychaeta 0.9 0.8 20.0 34
GASTROPODA -
Unidentified species 0.3 0.0 20.0 6
Alvina compacta 2.5 0.8 60.0 199
Troohonopsis 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 4
Nucula tenuis 10.5 15.1 100.0 2,551z
Nuculana c.f. fossa 11.8 3.5 100.0 1,534
Glycymeris subobsoieta 20.9 4.8 60.0 1,546
W Glycvmeris sp. 0.3 0.3 20.0 12 {T

Mytilus edulis 0.3 0.2 20.0 10




Appendix Table 1 (continued)

o Percent _
B Prey Form No. Vol. - F.0. IRI
Spisula polynyma 30.6- 6.2 100.0 3,675
Protothaca staminea 5.0 3.2 80.0 _-- 654
= Mya sp. 0.8 0.5 60.0 82
Y Total Bivalvia 80.2 33.9 100.0 11,410
” cRusTACEA
Unidentified Cumacean p."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 6.9 20.0 46
Total Crustacea 2.6 2.6 20.0 104
- OSTEICHTHYES -
Ammodytes hexapterus 8.0 39.7 0.0 6,768
January 1978, n = 5 T o
POLYCHAETA o
Unidentified species 3.1 17.4 60.5 1,229
Unidentified Phyllodocid 0.6 0.2 20.0 17
Glycinde sp. 0.6 1.4 20.0 ' 40
Lumbrinereis sp. 0.6 0.2 20.0 17
Ampharet@ sp. 3.1 9.8 20.0 | 256
Total Polychaeta 8.0 29.0 60.0 2,220
BIVALVIA
Unidentified species 1.2 6.6 40.0 314
~ Mytilus edulis 72.4 1.2 20.0 - 1,671
’ Clinocardium sp, 0.6 0.2 20.0 - 17
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Appendix Table 1 (continued)

Préz Form
Macoma sp.
Total Bivalvia
CRUSTACEA

Unidentified Cammarid

Grangon septemsbinosa (Shrimp) 0.6

- Decapoda Reptantia (Crabs)

Cancer magister

Carcer sp.
Unidertified Crab
Total Crabs
Total Crustacea
OSTEICHTHYS

Ammodvtes hexapterus

POLYCHAETA

Harmothoe extenuata

Phloe minuta

Anaitides mucosa

Eteone sp.
UnidentiZied Nereid
Pectinarza sp.
Ampharestg sp.

Total Polychaeta

Percent
No. Vol. F.O.
6.1 11.2 20.0
80.3 29.2 40.0
Amphipod 3.1 2.8 20.0
2.4 20.90
3.7 16.4 60.0
3.1 8.7 20.0
0.6 1.7 20.0
7.4 26.8 60.0
11.1 32.0 60.0
0.6 9.8 20.0

February 1978, n = 5
0.2 . 1.6 20.0
6.2 2.1 20.0
0.2 106 20.0
0.2 2.1 20.0
0.2 1.0 20.0
1.8 4.5 40.0
2.7 9.4 20.0
11.5 22.3 40.0

IRt
346

4,380

117 -

61

1,203
236
46
2,052

2,586

207

34
166
34 .7

45

24"
254
242

1,352
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‘»% Appendix Table 1 (continued)
i Percent
Prey Form No. Vol. ' F.0. ;E_
GASTROPGDA ] -
- Unidentified species '10.2 5.2 - 40.0 - 616
= Lacuna variegata 1.5 0.6 60.0 125
Alvina compacta 0.2 0.1 20.0 6
~ Oenmopota 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 ¢iomedeum 0.3 0.4 20.0 13
Retusa sp. 0.2 0.4 20.0 10
Onchidoris bilamellata 0.2 6.8 20.0 138
Total Gastropoda 18.0 24.7 '60.0 2,562
BIVALVIA T T
Unidentified species 0.2 2.8 20.0 59
Nucula tenuis 1.4 1.5 60.0 174
Glvcymeris 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 balthica 0.2 0.4 20.0 10
Macoma Sp. 29.6 10.8 40,0 1,616
Saxidomus gigantea 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

i guis®

Unidentified Gammarid Amphipoda 2.3 6.1 80.0 668
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Appendix Table 1 (continued)

: ' : Percent
Prey Form No. Vol. F.O.
Cancer sp. (Crab) 0.3 3.5 20.0
Total Crustacea 2.6 9.6 80.0
ECEIURA
Echiurus schiurus alaskanus 0.2 5.6 20.0
March 1978, n = 6
PbLYCHAETA
Unidentified species 2.0 0.9 33.3
GASTROPODA
Unidentified species 1.4 0.5 33.3
Unidentified Limpet 0.7 0.5 16.7
Lacuna variegata 1.4 0.3 16.7
Cerithiopsis sp. 0.7 0.3 16.7
Natica clausa 3.4 5.7 ‘ 16.7
Admete couthouyi 2.0 0.3 16.7
Qenopota sp. 4.1 0.2 16.7
Unidentified Turrid 1.4 , 0.7 16.7
thal Gastropoda 15.1‘ 8.5 16.7
BIVALVIA
Unidentified species 1.4 1.1 33.3
Nuculana c.f. fossa 1.4 2.0 33.3
Protothacavstaminea 0.7 0.2 16.7
Total Bivalvia 315 3.3 33.3
CRUSTACEA
Unidentified Barmacles 1.4 2.3 33.3

76

976

114

99

63
20
27
16
151
38
72
34

394

82
11>
15

226

™,

123
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- Appendix Table 1 (continued)
; | Percent
S Prey Form No. Vol. F.O0.
o 4 Unidenfiéied Mysid 0.7 0.2 16.7
Unidentifieﬂ Cumacean 0.7 0.2 16.7 ~
ét;‘Gnorimnsggéeroma oregonensis - 0.7 0.3 16.7
(Isopod) ‘ e~
JH! Unidentified Gammarid Amphipoda 11.6 11.5 -66.7
vUnidentified Decapoda - 2.0 0.4 -16.7 -
Decapoda Natantia (Shrimp) '
Spirontocaris spina 1.4 2.4 33.3 -
Unidertified Pandalidae 9.5 4.0 --16.7
Total Shrimp 10.9 6.4 -33.3
Hyas lyrztus (crab) 17.7 4.0 -16.7-- —
o Total Crustacea 45.7  25.3 66.7
ECTOPROCTA
Microporina borealis 0.7 0.7 16.7
ECHINODERMATA -
Ophiurocidea
Unidentified Ophiuroid 4.1 25.0 33.3
Ophiopholis aculeata 19.0 6.8 16.7
Amphipholis pugetana 2.7 1.4 16.7
Total Brittle Stars 25.8 33.2 33.3
Unidentified Echinoid 0.7 0.4 16.7
OSTEICHTHYES
UnidentiZied species | 1.4 0.8 33.3
f“g UnidentiZied Cottid 0.7 6.8 16.7
g Ammodytes hexapterus 4.8 »20.2 16.7

15

16

1,541

40

126
226
576
- 362

4,736

23

970
430
68
1,965

17
72
124

417

»
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Appendix Table 1 (concluded)

Prev Form

Total Fish

GASTROPODA

Mitrella tuberosa

CRUSTACEA

" Hyas lyratus (crab)
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Percent
No. Vol. F.O.
6.9 27.8 33.3

April 1978, n = 1

89.7 70.0 100.0

10.3  30.0 100.0

1,156

15,966

4,034
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Appendix Table 2. Percent Aggregate Numbers and Volume, Percent Frequency of
’ Occurrence and Index of Relative Importance (IRI) of the

Prey of White-winged Scoters Collected in Kachemak Bay.

Percent

No.

Vol.

F.O.

Pooled Samples, November 1977 - April 1978, n = 35

POLYCHAETA

Unidentified species

Halosydna brevisetosa

Nephtys sp.
Total Polychaeta

GASTROPODA
Unidentified species

Margarites pupillus

Margarites sp.

Lacuna variegata

Lacuna Sg.

Littorine sp.

Trichotrcpis cancellata

Natica clausa

Neptunea lyrata

Neptunea sp.
Admete ccuthouyl

. Total Gastropoda
BIVALVIA

Unidentified species

"1.1
0.4
0.4

1.9

4.4
17.2
4.4
0.4
0.7
0.4
4.4
1.5
3.6
5.5
3.6

46.1

7.3

0.5
003

0.2

2.3
0.9
0.5
0.0
2.4
0.0
0.3
3.5
3.6
.0.3
0.5

14.3

14.4

2.8

2.8

2.8

2.8

8.3

2.8

2.8

25.0

38.9

16

167
151

13

13
14
60
16
11

1,510

845

s
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Appendix Table 2 (continued)

~e

Percent
Prey Fofm No. Vol. F.O0. IRI
Glvcymeris subobsoleta 6.2 - 1.4 2.8 21
Mytilus edulis 21.2 30.6 22.2 1,158
Astarte rcllandi 1.1 0.1 2.8 3
Macoma sp. 1.1 1.6 8.3 22
Prototh;ca staminea 9.8 32.4 47.2 1,996
.Unidentified Venerid 0.7 1.1 5.6 10
Mya sp. . ‘ 0.4 0.1 2.8 1
Total Bivalvia ' : 47.8 81.7 47.2 6,112
CRUSTACEA
Unidentified Barmacle 0.4 0.4 2.8 2
Unidentified Shrimp 0.4 0.1 2.8 1
Unidentified Crab ' 2.2 0.4 13.9 36
Total Crustacea 3.0 0.9 13.9 54
STIPUNCULA
Sipunculus sp. 0.4 1.4 2.8 2
ECAINCDERMAT:
Strongylocentrotus 0.4 - 0.7 2.8 ' 3
droebachiensis (Echinoid) A '
Unidentified 0.4 0.0 2.8 _ 1
Strongylocentrotidae ~
Unidentified Holothuroidea 0.4 0.4 2.8 _._?
Total Echinodermata 1.2 - 1.1 2.8 s
November 1977, n = 1
BIVALVIA

Mytilus eculis 100.0 100.0 100.0 20,000

f"'-\. N

("
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Appendix Tatle 2 (continued)

) Percent
Prey Form No. Vol. F.0. , IRT

T December 1977, n = 2 e ST T

BIVALVIA
- Mytilus edulis | 100.0  100.0  100.0 20,000
J; - -
- January 1978, n = 14

POLYCHAETA - .
Unidentified species " 0.8 1.4 7.1 16
Nephtys sp. 0.8 0.8 . i
Total Polychaeta 1.6 2.2 - 7.1 27

GASTROPODA
Unidentified species 2.5 0.2 7.1 20 |
Margarites pupillus . 39.0 2.3 IZ.B 590
Littorina sp. 0.8 0.0 B P K 6
Trichotropis cancellata 10.2 0.9 7.1 79
Neptunea lyrata 1.7 1.9 . 1.1 . 26
Neptunea 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 30.7 64.3 3,914
Unidentified Vermerid 1.7 3.4 14.3 73
Total Bivalvia 22.9 84.0 64.3 6,874

CRUSTACEA |

Unidentified Barmacle 0.8 1.4 7.1 16




Appendix Table 2 (continued)

- Percent
Prey Form No. Vol. F.0.
s Unidentified Crab 4.2 1.3 28.6
Total Crustacea 5.0 2.7 28.6
! SIPUNCULA
Sigggculus Sp. 0.8 1.4 7.1
ECHINODERﬁ;IA
Strongelocentrotus 0.8 2.0 7.1
droebachiensis (Echinoid) ' :
Unidentified 0.8 0.1 7.1
Strongvlocentrotidae
Unidentified Holothuroidea 0.3 1.3 7.1
Total Echinodermata 4.0 . 5.5 7.1
T Februarv 1978, n = 9
POLYCHAETA -
Unidentified species 4.3 0.3 11.1
GASTROPODA
Margarites pupillus 2.1 0.6 11.1
Neptunea _yrata 14.9 1.9 11.1
Total Gastropoda 17.0a ‘ 2.5 11.1
BIVALVIA
Unidentified species’ 4.3 5.0 22.2
Mytilus edulis . 51.1 62.8 55.6
Protothaca sStaminea 21.3 29.0 55.6
- Mya sp. 2:1 0.4 11.1
. Total Bivalvia 78.8 97.2 55.6

158

220

16

20

16

67

50

31

187

216

9,786
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Appendix Table 2 (continued)

Prey Form

_ POLYCHAETA

~——

Halosydna brevisetosa

i
<" GASTROPODA

Unidentified species

Natica clausa

Total Gastropoda
BIVALVIA

Unidentified species

Macoma sp.

Protothara staminea

Total Bivalvia
CRUSTACEA

Unidentified Shrimp

GASTROPODA
Unidentified species

Margarites sp.

Lacuna variegata

Lacuna sp.

Neptunea lyrata

Admete couthouyi

Total Gastropoda

-112-

Percent
No. Vol. ¥.0.
March 1978, n 4

5.3 2.0 25.0°
21.0 8.2 75.0
'21.0 26.3 25.0
42.0 34.5 75.0
21.0 18.8 50.0

5.3 0.8 25.0
21.0 42.9 50.0
47.3 62.5 50.0

5.3 0.9 25.0

April 1978, X = 5

13.9 11.0 100.0
33.3 4.4 20.0

2.8 0.2 20.0

5.6 22.8 "20.0 -

2.8 22.8 20.0
27.8 4.4 20.0
86.2 83.6 100.0

183

1,993
151
3,200

5,490

’
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Appendix Table 2 (concluded)

~u,

Prey Form

“v- -~ BIVALVIA -

Unidentified species

Protothaca staminea

Total Bivalvia

CRUSTACEA

.Unidentified Crab

Parcent
No. Vol. F.0.
8.3 20.1 40.0
2.8 14.3 20.0
11.1 34.4 40.0
2.8 0.1 20.0

1,138
341

1,820

58

1 MM\V
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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
T Kachemak Bay.

. Percent ,
Prey Form No. Vol. F.o. - IRI
ft;; Black Scoter, ﬁbvember 1977, N =1
BIVALVIA - o
.~ Mytilus edulis 100.0  100.0  100.0 20,000
Surf Scoter, December 1977, N = 2
POLYCHAETA
Nephtys sp. 15.4 42.6 50.0 2,900
Unidentified Terebellid 7.7 0.5 50.0 408
- GASTROPODA -
Unidentified Turrid 7.7 0.5 50.0 408
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




v
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Appendix Table 4. Percent Aggregate Numbers and Volume, Percent Frequency of
S Occurrence, and Index of Relative Importance (IRI) of the

Prey of Common Murres Collected in Kachemak Bay.

Percent
Prey Form No. Vol. F.0.
Pooled Samples, December 1977 to April 1978, n = 28

POLYCHAETA
Unidentified Nereid
CEUSTACEA
Unidentified Species

Neomysis rayii (Mysids)

Decapoda Natantia (Shrimp)
Eualus sp.

Pandalus borealis

Pandalus goniurus

Pandalus sp.
Unidentified Pandalidae
Total Pandalid Shrimp

Crangon franciscorum

Crangon sp.

Unidentified Species
Total Shrimp
Total Crustacea
OSTEICHTHYES
_Unidentified.Species

Clupea harenggs

Mallotus villosus

Unidentified Osmerid

0.3

1.1

83.3

0.3
5.6
0.3
0.3
0.8
6.9
0.8
0.3
0.8
9.1

93.5

0.3
0‘5

1.8

0.0

2.2

49.0

0.6
16.7
0.4
1.4
3.9
22.5
3.9
1.1
379
32.0

83.2

1.1
5'3
2.5

0.8

3.6

14.3

39.3

10.7
17.9

39.3

17.9
3.6
7.1

14.3

46

5,200

398

51

1,049

50

51

73%
6,944

42
20
22

37
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Appendix Table 4 (continued)

Percent _
Prey Form No. Vol. F.0. IRI
__Total Osmeridae 2.3 3.3 - - 143 e i 80— —
Theragra chalcogramma 1.3 5.2 - - 17.9 ° 117
- Unidentified Gadid 0.3 0.1 3.6 o1
ﬁf Total Gadidae 1.6 5.3 17.9 123
| Lumpenus maculatns . 0.3 1.3 _ “5;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 1977, n = 6

CRUSTACEA
Neomysis rayii (Mysids) 96.0 73.4 83.3 14,116
OSTEICHTHYES
Unidentified Species 1.2 1.4 33.3 36
Clupea 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
January 1978, n = 9
POLYCHAETA
Unidentified Nereid 0.6 0.1 11.1 . 8

CRUSTACEA N

Unidentified Species 1.8 5.8 33.3 255
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—~ - Appendix Table 4 (continued)
| N . Percent
Prey Form No. Vol. F.0. IRT
- Neomysis rayii (Mysids) 90.8 75.9 66.7 11,111
Decapoda Natantia (Shrimp)
‘ Pandalus 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
OSTEICHTHYES
Mallotus villosus 0.6 4.4 1.1 56
Unidentified 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
February 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 sp. 25.0 54.4 33.3 2,648

Total Shrimp 50.0 77.7 33.3 4,2;2

Total Crustacea 75.0 _  88.8 33.3 5,45%
OSTEICHTHYES ~

Unidentified species 25.0 11.1 33.3 1,204
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. Appendix Table 4 (conclnded)
~_.—.; S : Percent
- Prey Form . No. Vol. ~ F.O.

March 1978, n = 5

CRUSTACEA (All Shrimp) : , -
=" pandalus borealis 60.0 47.3 40.0

ff_mypiéentigied pandalidae 13.3 22.8 40.0
“ Total Pandalidae 73.3 70.2 40.0
Crangon franciscorum ’ 6.7 12.3 20.0
Unidentified species 13.3 17.2 40.0
Total Shrimp 93.3 99.6 40.6
OSTEICHTHYES
Unidentifies species 6.7 0.4 20.0

April 1978, n =5

CRUSTACEA (All Shrimp)

Pandalus borealis 54.6 58.0 60.0

Crangon franciscorum 9.1 17.1 40.0
Crangon sp. 4.6 0.0 20.0
Unidentified species 4.6 10.2 20.0
Total Shrimp 72.9 85.3 60.0
OSTEICHTHYES

Unidentified Species 9.1 2.9 40.0 ,
Theragra chalcograrma 9.1 0.9 40.0
Lumpenus maculatus 4.6 11.3 20.0
Unidentified Species 4.6 0.0 20.0

| 15.1 40.0

-~ Total Fish 27.4

140

6,750
1,045
91
294

9,492

470

400

316
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Appendix Table 5. Percent Aggregate Numbers and Volume, Percent Frequency of

: ~e Occurrence and Index of Relative Importance (IRI) of the
Prey of Three Pigeon Guillemots Collected in Kachemak Bay.
One Specimen Each Collected in January, March, and April

1978.

Prey Form
POLYCHAEIA‘

Unidentified species
CB?STACEA

Unidentified Mysida

Decapoda Natantia (shrimp)

Spirontocaris spina

- Eualus fabricii

Pandalus goniurus

Crangon septemspinosa

Scleroczangon alata

Unidentified species
Total Shrimp
Decapoda Reptantia (crabs)

Cancer oragonensis

Unidentified species
Total Crzbs
Total Crustacea

OSTEICHTHYES

Unidentified'species

Percent
No. Tol. F.O0.
1.5 6.9 33.3
3.1 0.8 33.3
4.6 1.7 33.3
1.5 1.1 33.3
35.4 49,7 33.3
24.6 26.2 33.3
6.2 1.7 33.3
1.5 0.3 33.3
73.8 80.7 33.3
13.8 3.4 33.3
3.1 0.8 66.7
16.9 4.2 66.7
93.8 85.7 66.7
4.6 7.4 66.7

281

130

209
88
2,832
1,693
260
61

5,145

576
261

1,407

11,923

402

Rl o,
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Appendix Table 6. Percent Aggregate Numbers and Volume, Percent Frequency of
Occurrence and Index of Relative Importance (IRI) of the

Prey of Marbled Murrelets Collected in Kachemak Bay,

— January - April 1978.

»

- ; Percent
TPrey Form . No. Vol. _F.0.
/’f Pooled Samples, January - April 1978, n = 18
CRUSTACEA ‘ - §
Unidentified species *0.8 1.2 5.6
Unidentified Mysida 34.4 6.7 11.1
Unidentified Gammarid Amphipoda 1.2 1.4 11{1
Euphéusiacea |
Thysanoessa inermis 0.5 1.2 5.6
Thysanoessa raschii "19.4 5.7 16.7
Thysanoessa spinifera 0.2 0.9 5.6
Thysanoessa sp. - 22.1 4.0 16.7
Total Thysanoessa 42.2 11.8 16.7
Totél Crustacea 78.6 21.1 16.7
OSTEICHTHYES
Unidentified species 3.4 7.8 22.2
Mallotus villosus 11.1 51.8 50.0
Unidentified Osmerid 0.2 0.1 5.6
Theragra chalcogramma 0.2 0.2 5.6
Unidentified species 0.2 .0.5 5.6
Ammodytes hexapterus ' 6.4 18.5 16.7
Total Fish 21.5 78.9 50.0

456

30
418
435
902

1,665

249

3,146

415

5,020

A

’
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Appendix Table 6 (continued)

~a

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

January 1978, n = 6

CRUSTACEA (All Euphausiids)

Thysanoessa raschii 14.7 4.2 16.7 315
Thysanoessa sp. 61.2 9.6 33.3 2,358
Unident;fied species 2.2 4,2 16.7 107
Total Euphausiacea 78.1 18.0 33.3 3,200
OéfEICHIHYES
Mallotus villosus . 21.0 51.2 50.0 3,612
Unidentified species 0.4 1.7 16.7 35
Ammodvtes hexapterus 0.4 29.2 16.7 ' 494
Total Fish 21.8 8§2.1 50.0 | 5,195
‘” February 1978, n = 4
CRUSTACEA
Unidentified Mysida 72.2 17.9 25.0 2,252
Unidentified Gammarid Amphipoda 2.8 6.4 50.0 460
Euphausiacea
Thysancessa inermis 1.0~ ‘ 5.6 25.0 » 166
Thysanoessa raschii 5.2 3:6 25.0 ‘ 212
Total Euphausiacea 6.2 9.2 25.0 185
Total Crustacea 81.2 33.5 50.0 55733
OSTEICHTHYES T |
. Unidentified species 429 21.5 50.0 1,317
Unidentifiéd Osmerid 0.4 0.4 25.0 20
Ammodytes hexapterus 13.5 44.6 25.0 1,455

Total Fish - 18.8 66.5 50.0 4,265
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Appendix Table 6 (contluded)

Percent
Prey Form No. Vol. F.Q. ‘ IRI

»

March 1978, n = 3 T T

" TRUSTACEA )
!Kf'Uhidentified Mysida 34.3 9.8 33.3 1,469
) ) Thysanoessa spinifera 2.9 3.3 33.3 T 204

(Euphausiid) -
Total Crustacea 87.2 13.1 33.3 1,675
OSTHEICHTHYES

Unidentified species 2.9 6.5 33.3 313
Mallotus villosus '54.3 78.9 100.0 13,320
Theragra chalcogramma 2.9 0.9 3.3 124
a Ammodytes hexapterus 2.9 0.6 33317
Total Fish 63.0 86.9 100.0 14,990

]
Ui

April 1978, n

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
OSTEICHTHYES -
Unidentified species 7.6 5.9 20,0 270
ﬂallotus villosus 5.4 ~ 70.6 60.0 4,561
Total Fish | 13.0 76.5 60.0 5,370

JiianiaN
o "
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Appendix Table 7. Data on culmen length (CL), bill width (BW) and mouth area

B

J

(CL. X BW) for birds collected in winter on Kachemak

Bay, Alaska.

Culmen Length, mm

Bill Width, mm

X4SE
Species n (range)
Oldsquaw 28 27.610.2
(25.5-29,8)
White-winged Scoter 38 38.6140.4
(31.4-44.0)
Black Scoter 1 41.0
Surf Scoter 4 38.241.4
: Y (35 . 3—42 . 0)
Common Murre 30 45,240.4
(41.0-50.0)
, )
Pigeon Guillemot 3 35.040.2
e (34.6“35-4)
' "Marbled Murrelec - 18 15.940.2
S (14.3-17.3)
5
(€2
El)
<
()
(] | )
W

X+SE
n __(range)
21 14.840.6
(10.0-18.0)
35 18.440.8
(12.0-31.0)
1 14.0
3 17.742.8
(12-21)
28 15.6£0. 4
“ (11.0-19.0)
3 11.7i0.7
(11.0-13.0)
18 9,040.6
(6.0-14.0)

Mouth Arxea, mm?
X4SE
n (range)
21 404118
(273-529)
35 717432
(463-1,283)
1 574
3 71204147
(442-941) |
27 703+19
(517-885)
3 408421
(385-449)
16 140410
(100-224)

-t~



