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of their circadian cycle) was intermediate between the 
predicted values for ratites and nonpasserine carinate 
birds. It is important to recognize that many factors 
other than phylogeny (e.g., phase of circadian cycle, 
season, latitude-see Weathers 1979) can influence basal 
metabolic rate, so the intermediate basal Vo, of tina- 
mous should not be interpreted as conclusive evidence 
for their being phylogenetically intermediate between 
ratites and carinate nonpasserines. Nevertheless, the 
intermediate basal Vo, of tinamous is consistent with 
the phyletically-correlated differences in basal 00, of 
ratites and carinate nonpasserines (Calder and Dawson 
1978, Withers 1983) and the phylogenetic position of 
tinamous as nonratite but palaeognathous carinates 
(Cracraft 198 1). 

We are grateful to the Washington State Department 
of Fisheries and Wildlife for donation of the tinamous. 
We thank W. W. Weathers, an anonymous reviewer, 
and S. S. Hillman for critical comments on the manu- 
script. Funding for this study was provided by a Port- 
land State University Research and Publications Grant 
to PCW. 
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Knowledge of the winter diets of seabirds in high lat- 
itudes like Alaskan waters has been an elusive aspect 
of their biology. Scanty information on winter diets of 
Common M&-es (Uris aalge) are available from the 
Pribilof Islands fPreble and McAtee 1923). California 
(Baltz and Morejohn 1977) Kodiak Island (Krasnow 
and Sanger 1986) Newfoundland (Tuck 1960) and the 
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North Sea (Blake 1984), and for Marbled Murrelets 
(Brachyramphus marmoratus) from British Columbia 
(Munro and Clemens 193 1, Carter 1984) and Kodiak 
(Krasnow and Sanger 1986). This paper summarizes 
the diets of these two species, as observed during the 
winter season of 1977-l 978 in Kachemak Bay, Alaska, 
as a uart of the Alaskan Outer Continental Shelf En- 
vironmental Assessment Program, OCSEAP (Sanger 
and Jones 1982; Krasnow and Sanger 1986; Fukuya- 
ma, Sanger, and Hironaka, unpubl.) and provides fur- 
ther interpretation of the data. 

STUDY AREA 
Kachemak Bay (Fig. 1) is a highly productive embay- 
ment located near the mouth of Cook Inlet in the ex- 
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treme north of the Gulf of Alaska. During this study, 
air temperature ranged from - 13°C in December to 
4°C in April and surface water temperatures generally 
ranged from 4 to 5°C. Both Common Murres and Mar- 
bled Murrelets overwinter in the area (Erikson 1977), 
and the Common Murre is believed to be the most 
abundant alcid. During this study, Marbled Murrelets 
were the second most common alcid and Pigeon Guil- 
lemots (Cepphus columba) occasionally occurred close 
to shore, but no other alcids were seen. Murrelets and 
most murres occurred in the southern, deep, ice-free 
part of the bay. 

METHODS 

A 5-m open skiff was used to observe and collect birds 
between 10:00 to 1500 during monthly field trips of 
three to five days, between December 1977 and April 
1978. Birds were seen and shot within the areas shown 
in Figure 1. Five to nine murres were collected during 
each trip, for a total of 3 1, and beginning in January, 
five or six murrelets were shot monthly, for a total of 
2 1. Buffered 10% formalin was injected into the stom- 
achs through the esophagus and specimens were frozen. 

The esophagus, proventriculus, and gizzard were re- 
moved from thawed specimens and stored in 50% iso- 
propanol until their analyses. Stomach contents were 
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FIGURE 1. Locations where Common Murres (C) 
and Marbled Murrelets (M) were observed and col- 
lected at Kachemak Bay, Alaska. No murres or murre- 
lets were seen on the shallow, north side of the Bay 
where sea ducks were studied as part of the same gen- 
eral project (Sanger and Jones 1984). 

TABLE 1. Winter diet of Common Murres in Kachemak Bay, Alaska between December 1977 and April 1978. 
n = 28 stomachs with food; three other birds had empty stomachs. 

Prey 

% 
% Nos. % Vol. TOtal Length data (mm) 

Totals: (n = 385) (352 ml) % FO’ IRI IRI n R SD Min Max 

Polychaete worm 
Unidentified nereid 

Crustaceans 
Unidentified 
Mysid 

Neomysis rayii 
Shrimp 

Eualus sp. 
Pandalus borealis 
Pandalus goniuris 
Panda/us spp. 
Unidentified pandalid 
Crangon franciscorum 
Crangon spp. 
Unidentified 

Fish 
Unidentified 
Clupea harengus 
Mallotus villosus 
Osmeridae 

Theragra chalcogramma 
Unidentified gadid 
Lumpenus maculatus 
Unidentified stichaeid 
Ammodytes hexapterus 

0.3 0.0 3.6 1 0.1 

1.1 2.2 14.3 46 0.8 

83.3 49.0 39.3 5,200 85.8 162 34 5.0 31 

0.3 0.6 3.6 3 0.1 
5.6 16.7 17.9 398 6.6 9 
0.3 0.4 3.6 2 0.1 
0.3 1.4 3.6 6 0.1 
0.8 10.7 51 0.8 
0.8 ::; 10.7 50 0.8 2 
0.3 1.1 3.6 5 0.1 
0.8 3.9 10.7 51 0.8 

1.3 1.1 17.9 42 0.7 
0.3 5.3 3.6 20 0.3 
0.5 2.5 7.1 22 0.4 1 
1.8 0.8 14.3 37 0.6 

tYZ 

0:3 

0.1 5.2 17.9 3.6 117 1 0.1 1.9 6 

1.3 3.6 5 0.1 1 
0.3 0.6 3.6 : 01 
0.3 0.1 3.6 0:1 

54 7.3 52 

75 7.1 78 

82 - - 

140 21.7 110 

100 - - 

44 

79 

86 

- 

175 

- 

a %FO = % frequency of occurrence 
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drained, weighed to the nearest 0.1 g, and their total Murrelets (n = 19) averaged 238 g (SD = 18.8) in 
volume measured to the nearest ml by water displace- net body weight and ranged from 2 12 g to 280 g. Weights 
ment. Prey items were counted and identified to the of stomach contents ranged up to 6.6% of net body 
lowest possible taxon, and the volume of each was 
estimated visually as a percent of the total. Total lengths 
of whole specimens were measured to the nearest mm. 
Fish otoliths (Frost and Lowry 1981), vertebral col- 
umns, and parasphenoid bones of capelin and sand 
lance were measured to the nearest 0.1 mm for ex- 
trapolation to whole lengths @anger, Hironaka, and 
Fukuyama, unpubl.). 

Diets for both species, based on pooled data, were 
calculated in aggregate percent volume (OYoV, cf. Martin 
et al. 1946, Swanson et al. 1974), aggregate percent 
numbers (o/ON), percent frequency of occurrence (%FO), 
and an Index of Relative Importance (IRI, after Pinkas 
et al. 1971). The IRI (i.e., IRI = %FO(%V + %N) 
attempts to overcome the shortcomings of using any 
of these three parameters alone. 

RESULTS 
COMMON MURRE 

Of 31 birds collected, 28 (90%) contained food. The 
mysid Neomysis rayii accounted for 86% of the total 
IRI, the shrimp Pandalus borealis for another 7%, wall- 
eye pollock (Z’heragra chalcogramma) for 2% (Table 
1). Prey lengths ranged from Neomysis mysids of 31 
mm to a walleye pollock of 175 mm. Nine P. borealis 
averaged 54 mm and ranged from 52 to 79 mm (front 
of carapace, less rostrum, to end of urosome), and 162 
Neomysis averaged 34 mm and ranged from 3 1 to 44 
mm in total length. 

Net body weights (whole weight less weight of stom- 
ach contents, n = 3 1) ranged from an emaciated spec- 
imen of 598 g to 1,228 g and averaged 1,092 g (SD = 
130). The weight of stomach contents ranged from zero 
for three birds to a maximum of 2.9% ofthe net body 
weight, and averaged 1% for all specimens. The max- 
imum value was the result of 36 g of food in a bird of 
1,224 g. 

Murres feed by pursuit diving (Ashmole 1971). The 
principal prey in this study, mysids and shrimp, occur 
typically at demersal or epibenthic depths in daylight 
hours (Mauchline 1980) but the occasional presence 
of prey such as herring and capelin indicates that the 

weight (15 g of food in a bird of 228 g) and averaged 
1.8% (SE = 0.42) for all birds samoled. Twelve birds 
(67%)had valuesless than 2% and only five birds (28%) 
had values greater than 5%. 

Marbled Murrelets feed by pursuit diving (Ashmole 
1971). Water depths where birds were collected were 
about 4 to 5 m in January and generally ranged between 
18 and 45 m thereafter. The murrelets apparently had 
foraged from mid-depths in the water column to oc- 
casionally at or very near the bottom, as attested by 
the presence of gammarid amphipods and mysids in 
their diet. 

DISCUSSION 

There were similarities but also notable differences in 
the diets of both Marbled Murrelets and Common 
Murres compared with those reported elsewhere for 
these species (e.g., Sealy 1975; Ainley and Sanger 1979; 
Krasnow and Sanger 1986; Fukuyama, Sanger, and 
Hironaka, unpublr data). Common Murres-eat eu- 
nhausiids in summer (Scott 1973. Hunt et al. 1981. 
Schneider and Hunt 1984) and gammarid amphipods 
in winter (Preble and McAtee 1923). Notwithstanding 
the fact that one of four murres collected in January 
1977 at Kodiak Island had eaten mysids (Krasnow and 
Sanger 1986) this is the first report of mysids as a 
dominant food of the species. 

Sand lance are generally the most important prey 
species of Marbled Murrelets throughout most of their 
range in summer (Carter 1984; Fukuyama et al., un- 
publ.), although in British Columbia, Pacific herring 
(&pea hare&us) share importance with sand lance 
in Barkley Sound (Carter 1984) and euphausiids are 
the staple prey at Langara Island in early summer (Sea- 
ly 1975) and at Kodiak in spring (Krasnow and Sanger 
1986). Capelin, euphausiids, and particularly mysids 
were important dietary components of Marbled 
Murrelets at Kodiak in winter (Krasnow and Sanger 
1986). It is clear that Marbled Murrelets are not as 
generally piscivorous as once believed (Bedard 1969). 

The diet of murres in this study varied from winter 
off California (Baltz and Moreiohn 1977). where 24 

birds probably fed part of the-time at mid-depths in birds ate mostly fish, some squid, but no crustaceans, 
the water column. The locations of their collection sites and off Newfoundland (Tuck 1960) where 92% of 44 
suggest that most birds probably fed over rocky sub- murres had eaten capelin but no crustaceans, and in 
strates (cf. Science Applications, Inc. 1979) in water the North Sea (Blake 1984) where 45% of 403 murres 
depths of about 18 to 55 m. contained fish, 7% had eaten polychaetes, and none 

had eaten crustaceans. Thus the diet of Common Murres 
MARBLED MURRELET from the present study was unusual not only in it being 
Of 21 birds collected, 20 (95%) contained food and the first example of their heavy reliance on mysids but 
stomach content volume was measured on 18 of these. in their heavy dependence on crustaceans instead of 
A minimum of eight species of fish and crustaceans fish. 
had been eaten. including canelin (6 1% of IRI). Thv- The dominance of mvsids in the murres’ diet further 
sanoessa spp. euphausiidi (17%) unidentified mysihs indicated that the birds-had foraged at or very near the 
(9%) and Pacific sand lance (8%, Table 2). bottom. Mysids occur throughout the water column at 

The murrelets’ prey ranged in length from euphau- night but migrate to the bottom during daylight hours 
siids of 11 mm to sand lance of 135 mm. Mysids (n = (Mauchline 1980). This information, along with recent 
20) averaged 18 mm (SD = 7.4), considerably smaller records of Common Murres drowned in fishing gear 
than those eaten bv murres. Measurable capelin (n = as deep as 180 m (Forsell and Gould 1981. Piatt and 
18) the most important prey, averaged 63 mm (SD = Nettleship 1985) shows that the species can forage near 
18 mm) and ranged from 28 mm to 105 mm. the bottom, although the degree to which they do this 
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TABLE 2. Winter diet of Marbled Murrelets in Kachemak Bay, Alaska, between January and April 1978. n = 
18 stomachs with food; one other bird had an empty stomach and food volume was not measured on two others. 

Prey 
% Nos. % Vol. 

Totals: (n = 654) (82 ml) % Fe IRI 

% 
Total Length data (mm) 
IRI n + SD MlIl Max 

Crustaceans 
Unidentified 0.8 1.2 5.6 11 0.2 
Unidentified mysid 34.2 6.7 11.1 456 8.8 20 18 7.4 11 38 
Unidentified gammarid amphipod 1.2 1.4 11.1 30 0.6 6 15 2.3 12 18 

Euphausiids 
Thysanoessa inermis 0.5 1.2 5.6 9 0.2 2 - - 15 21 
Thysanoessa raschii 19.4 5.7 16.7 418 8.0 38 14 2.3 11 21 
Thysanoessa spinifera 0.2 0.9 5.6 6 0.1 1 24 - - - 
Thysanoessa spp. 22.1 4.0 16.7 435 8.4 24 13 1.6 11 18 

Fish 
Unidentified 
Mallotus villosus 
Unidentified osmerid 
Theragra chalcogramma 
Ammodytes hexapterus 

3.6 8.3 22.2 264 5.1 
11.1 51.8 50.0 3,146 60.6 18 63 18.1 28 105 
0.2 0.1 5.6 1 0.1 
0.2 0.2 5.6 2 0.1 
6.4 18.5 16.7 415 8.0 13 45 33.7 29 135 

a %FO = % frequency of occurrence. 

is unknown. Similarly, the occasional presence of my- 
sids and gammarid amphipods in the diet of Marbled 
Murrelets suggests that this species forages at least part 
of the time near the bottom. By including detritivores 
(pandalid shrimp, mysids, andgammarids) in their diets, 
the murres and murrelets are assured of a broader 
trophic spectrum than a food supply originating with 
phytoplankton productivity in the water column alone 
(cf. Sanger and Jones 1984). 

A comparison of prey lengths between the murres 
and murrelets is noteworthy. Although the average 
length of all measurable prey from the murres was 
significantly larger for the murres than for the murrelets 
(Sanger and Jones 1982), these data are misleading 
taken at face value. By comparing lengths of the most 
important prey of the Common Murres (mysids, 86% 
of IRI, mean length = 34 mm) with those of the Mar- 
bled Murrelet (capelin, 6 1% of IRI, mean length = 63 
mm), it is seen that overall the murrelets took as large 
or larger prey than the murres. 

Amounts of food in both species-expressed as per- 
cent of net body weight-were generally low. Values 
ranged from zero in a few specimens to highs of 2.9% 
for Common Murres and 6.6% for Marbled Murrelets, 
and averaged 1% and 1.8% for each species, respec- 
tively. Although these food weights seem to be low, 
data on body weight and fat indices (Sanger and Jones 
1982) indicated healthy physiological conditions of both 
species throughout the study. 

R. D. Jones, Jr. conducted the field work and was 
assisted by A. R. DeGange, R. E. Gill, Jr., D. R. Nyse- 
wander, M. R. Petersen, and Sanger. D. Wiswar and 
V. Hironaka processed and identified the stomach con- 
tents, and George Mueller and staff at the Marine Sort- 
ing Center, University of Alaska, verified their iden- 
tifications. Earlier drafts of this paper benefitted from 
reviews by C. J. Lensink, A. R. DeGange, C. H. Hal- 

verson, H. Carter, J. Piatt, and two anonymous ref- 
erees. 

Field work was supported by the Bureau of Land 
Management through interagency agreement with the 
National Oceanic and Atmospheric Administration, 
under which a multi-year program responding to needs 
of petroleum development of the Alaskan continental 
shelf was managed by the Outer Continental Shelf En- 
vironmental Assessment Program, Juneau. 
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