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Abstract. We studied the historical biodiversity of cormorants and shags in the central 
Aleutians by examining the presence and abundance of bones deposited in two large Aleut 
middens located on Amchitka Island, Alaska. The temporal range of discrete strata in these 
deposits was from Russian-era contact to about 2,650 years before present. We found six 
species in these middens: Pelagic, Red-faced, and Kenyon’s Shags (Stictocarbo [Phalacro- 
corax] pelagicus, S. urile, S. kenyoni), Double-crested (Hypoleucus [Phalacrocorax] auritus), 
Japanese (Phalacrocorax capillatus) and Pallas’s Cormorants (Compsohalieus [Phalacroco- 
rax] perspicillatus), ranked in order of abundance. Historical patterns of abundance differed 
among species. Japanese and Pallas’s Cormorants were most likely chance arrivals to the 
island, Double-crested Cormorants were not found post-contact and we hypothesize that 
Arctic Foxes may have extirpated them here; Pelagic and Red-faced Shags have remained 
in constant proportion over the years and abundances may relate to environmental or 
climatic change. Little is known about S. kenyoni. These results suggest that the diversity 
of the marine coastal avifauna has experienced dynamic change during the late Holocene 
and that the distributions of shags and cormorants in particular were different than now 
known. 

Key words: Phalacrocoracidae; cormorants; shags; Holocene; biodiversity: Aleutian Is- 
lands; midden site: zooarcheology. 

INTRODUCTION 

Temporal changes in biodiversity may be elu- 
cidated by scrutiny of the processes likely to pro- 
mote change and by analysis of historical pat- 
terns of abundance and distribution. Situated in 
the narrow zone between land and sea, coastal 
breeding birds can be affected by forces associ- 
ated with both habitats. Cormorants and shags 
(Phalacrocoracidae) are ubiquitous members of 
the coastal avifauna; the most common species, 
Red-faced and Pelagic Shags, are found at most 
seabird colonies throughout Alaska (Sowls et al. 
1978). Their breeding habitat is restricted to cliff 
faces and their foraging range is limited to near- 
shore waters (Siegel-Causey 1988). Shags (and 
cormorants to a lesser extent), therefore, are the 
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neritic component of a seabird community that 
also includes more oceanic seabirds such as 
murres and kittiwakes and thus have potential 
to indicate dynamic change of the neritic and 
littoral environments. 

Excluding species confined to continental and 
freshwater habitats, there are seven common 
species of shags and cormorants in north tem- 
perate coastal regions (Siegel-Causey and Litvi- 
nenko 1992). Japanese and Great Cormorants 
(Phalacrocorax capillatus and P. carbo) are found 
primarily in Asia, but only the Japanese Cor- 
morant is exclusively marine. Double-crested, 
Olivaceous, and Brandt’s Cormorants (Hypoleu- 
cus [Phalacrocorax] auritus, H. brasiliensis, and 
Compsohalieus [Phalacrocorax] penicillatus) are 
confined to the New World. Olivaceous Cor- 
morants are found throughout South and Meso 
America, but Pacific coastal populations do not 
breed much further north than the Tropic of Can- 
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cer. Pacific coastal populations of Double-crest- 
ed Cormorants extend from the Mexican border 
north to Bristol Bay, Alaska, and have their 
greatest abundances in the central part of the 
range. Brandt’s Cormorants have the most cir- 
cumscribed distribution of the three and are most 
abundant along the Central California coast. Red- 
faced and Pelagic Shags (Stictocarbo [Phalacro- 
corax] pelagicus and S. wile) bridge the gap be- 
tween the species discussed above and breed 
throughout the northern North Pacific basin and 
Beringia (see Siegel-Causey 1991). In addition, 
two other little-known species occur in this re- 
gion. Pallas’s Cormorant (Compsohalieus per- 
spicillatus), now extinct, was known to breed on 
the Kommandarskii Islands (Stejneger 1884), 
which are the far western extension of the Aleu- 
tian Islands. Finally, Kenyon’s Shag (S. kenyoni), 
closely related to Pelagic and Red-faced Shags, 
has recently been discovered on Amchitka Island 
(Siegel-Causey 199 l), which is centrally located 
in the Aleutian Island arc. 

At present, only two members of the family 
(Red-faced and Pelagic Shags) breed in the Aleu- 
tian Islands and they represent the most abun- 
dant phalacrocoracids in the North Pacific, in- 
cluding the Bering, Chukchi, Japan, and Okhotsk 
seas. Double-crested Cormorants are known to 
breed on the Alaska peninsula and nearby lo- 
calities (esp. Lake Iliamna, Shaiak peninsula), 
but there are few sightings west of Unalaska Is- 
land or north of Bristol Bay (Gabrielson and Lin- 
coln 1959, Sowls et al. 1978, Kessel and Gibson 
1978). Anecdotal reports (Kessel and Gibson 
1978, Baird and Gould 1983) suggest changing 
patterns of distribution of these species, but 
quantification of these is difficult because of in- 
accuracies in visual reports, conflicting evidence 
in historical records and recent accounts of nest- 
ing patterns, and, not the least, lack of long-term 
census data throughout the western parts of this 
region (see also Yesner 1976, Siegel-Causey and 
Lefevre 1989 for further discussion). 

Recent archeological excavation of Aleut mid- 
dens on Amchitka Island provided us an oppor- 
tunity to examine the temporal patterns of bio- 
diversity and abundance of North Pacific 
cormorants and shags. Accurate reconstruction 
of early animal and plant communities using ma- 
terial exhumed from middens is possible given 
that there is sufficient knowledge about the ecol- 
ogy of the past occupants (Dinesman 1977,1986; 
Savinetskii and Knyazev 1990). The early in- 

habitants of the Aleutian Island chain were ex- 
clusively maritime hunter-gatherers and coastal 
breeding seabirds were an important constituent 
oftheir diet (Yesner 1976, 1977). Rigorous com- 
parison of past abundances derived from ar- 
cheological evidence to present day abundances 
has shown that the early Aleuts hunted seabirds 
in amounts relative to their biomass (Yesner 
1976, 198 l), or in other words, they harvested 
them in the proportions they occurred in the 
environment. Thus, it is possible to estimate the 
past diversity and relative abundance of the ma- 
rine coastal avifauna of Amchitka Island using 
evidence like bird bones found in Aleut middens. 

Insight into the relationship between phala- 
crocoracid diversity and environmental change 
is possible for the northern North Pacific and its 
marginal seas. The paleogeography (and related 
disciplines) of this region in the Cenozoic is well- 
studied, particularly that of the late Quaternary 
(including Holocene) (e.g., Hopkins 1959-1982, 
Tolmachev 1970). Understanding the popula- 
tion history of these closely related species should 
help clarify the overall mechanisms affecting the 
biodiversity of the greater seabird community of 
the north. This paper discusses the past and pres- 
ent occurrence of cormorants and shags in the 
Aleutians and the implications of these findings 
on their population history in the North Pacific. 

METHODS 

SPECIMENS 

Bird bones were collected from two sites on Am- 
chitka Island (Fig. 1) by employees of Archae- 
ological Research, Inc. during summer of 1968 
(Desautels et al. 1971), and were later sorted to 
family by Dr. Stuart Waiter (see Acknowledg- 
ments). One midden (site 3 1) was relatively un- 
disturbed and all strata were intact (Emison et 
al. 1968). The other (site 36) had been used as 
foundation for a WWII gun emplacement and 
subsequently was vandalized, so specimens ob- 
tained from this site could not be reliably placed 
in temporal sequence. Details on the archeolog- 
ical methodology used in the excavation of these 
middens are given in Desautels et al. (197 1) and 
Cook et al. (1972) and various aspects of the 
physical and biological environment of Amchit- 
ka Island are discussed in Guggenheim (1945) 
Turner (1970) Armstrong (197 l), Isakson et al. 
(197 l), McAlister (197 l), Mathisen and Peck 
(1971) and O’Clair and Chew (1971). The avi- 
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FIGURE 1. Map of Amchitka Island and general area with locations of midden sites. 

fauna of Amchitka Island is discussed specifically 
by Krog (1953) Kenyon (1961), and Emison et 
al. (1971). 

Both midden sites are located on the Pacific 
Ocean side of Amchitka Island (Fig. 1) and are 
situated on bluffs 25-30 m above sea level. For 
the purposes of this analysis, we assume that the 
collection processes between sites are similar (see 
Klein and Cruz-Arribe 1984) and thus are di- 
rectly comparable. The stratigraphy of site 31 
was typical of Aleut kitchen middens (see Jo- 
chelson 1925, Hrdlicka 1945, McCartney 197 1). 
This midden comprised eleven discrete strata of 
shell, bone, sea urchin tests, charcoal, and stone 
artifacts in a sand or humic matrix; detailed anal- 
ysis is given below. In all, bird bones made up 
less than 1% of the total weight of the total bones 
and artifacts removed from both middens (De- 
sautels et al. 197 1). 

All subfossil skeletal material is kept at CSU 
Long Beach, and was made available to us through 
the auspices of Dr. Stuart Warter. Each element 
was uniquely cataloged and accompanied by data 
concerning site and stratum. We obtained from 
various sources (see Acknowledgments) com- 
parative skeletal specimens collected from 
breeding colonies in Alaska and Beringia; a list 

of specimens and museums is available from Sie- 
gel-Causey. Voucher specimens of identified el- 
ements were deposited with CSU Long Beach. 

We calculated the Minimum Number of In- 
dividuals (MNI) and Number of Identified Spec- 
imens (NISP) indices using the procedures spec- 
ified by Klein and Cruz-Arribe (1984). For each 
set of elements obtained from a stratum, we used 
the largest number of left or right elements as a 
lower limit to MNI. We derived the upper limit 
by the sum of the greatest MN1 obtained from 
each level. For NISP, we used the actual number 
of bones or fragments we identified unambigu- 
ously to a species. No other material was con- 
sidered in this analysis. 

OSTEOLOGICAL CHARACTERS 

For all elements, discrimination between shags 
(Leucocarboninae) and cormorants (Phalacro- 
coracinae) was based on unambiguous qualita- 
tive characters that represented the fundamental 
differences between subfamilies of Phalacroco- 
racidae (Siegel-Causey 1988). Discrimination 
among North Pacific shags (i.e., S. pelagicus, S. 
wile, S. kenyoni) using only qualitative charac- 
ters was difficult for all elements and, in these 
cases, length measurements were helpful. There 
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was little or no overlap in mensural dimensions 
in this clade (see Siegel-Causey 199 l), even be- 
tween Pelagic and Kenyon’s Shags, which are 
closest in size. 

We had little trouble discriminating bones of 
Double-crested Cormorants from North Pacific 
Shags. Double-crested Cormorants (and also 
Japanese and Pallas’s Cormorants) are members 
of a different subfamily (Phalacrocoracinae) than 
are the shags (Leucocarboninae) (Siegel-Causey 
1988). There are diagnostic characters indepen- 
dent of size for nearly every element that make 
it possible to determine whether a particular bone 
is from a cormorant or a shag (Siegel-Causey 
1988, unpubl. data). For example, shag and cor- 
morant synsacra differ by the number of postace- 
tabular vertebrae (char. 106 of Siegel-Causey 
1988) and the pattern of attachment scars of the 
extemus iliofibularis muscle differs among cor- 
morants. 

Discrimination among shag bones was effected 
using characters given in Appendix 1 of Siegel- 
Causey (199 1). Most of the major limb and trunk 
elements can be identified to species, but in some 
cases where bones were worn or butchered, they 
could only be sorted by size. We did not use any 
such ambiguous shag bones in this analysis. We 
discriminated among cormorant bones using a 
large suite of characters (Siegel-Causey 1988, in 
prep.) and most could be identified by size alone. 
Double-crested Cormorants are distinctly small- 
er than Japanese or Pallas’s Cormorants. Thus, 
for the bones of Japanese Cormorants found in 
the middens, qualitative characters and size were 
unambiguous. For example, the appearance of 
the superior surface of the external condyle of 
the femur is diagnostic for this species (char. 126 
of Siegel-Causey 1988). The single carpometa- 
carpus from the Pallas’s Cormorant was distinct- 
ly diagnostic. The shape of the internal liga- 
mental fossa is triangular and very deeply 
excavated. 

STRATIGRAPHY 

Site 31 was the largest midden found on Am- 
chitka Island and measured about 53 m by 29 
m. It was located on a bluff about 25 m above 
sea level and adjacent to a small freshwater 
stream. The midden lens was 2 m deep in some 
areas. There were 11 discrete strata in the ex- 
cavated region of the midden of varying widths 
and extent: (A) a highly organic humus mixed 
with sand containing only a few avian bones (This 

stratum was not dated, but because it also con- 
tained Russian-era artifacts like buttons and trade 
items, it likely represents post-contact habitation 
[Desautels et al. 19711.); (B) fine-grained sand, 
dark clay and charcoal, containing sea urchin 
tests, limpet shells, and fish, bird and mammal 
bones-coincident with these were a 30 cm rock 
fireplace and implements; (C) very fined-grained 
sand with pebbles containing abundant sea ur- 
chin tests with a few limpet shells and bird and 
mammal bones; (D) fine-grained sand, clay, 
charcoal with large amounts of fish and bird 
bones; (E) about 95% sea urchin and limpet shells 
with scattered fish, bird, and mammal bones; (F) 
a thin layer of 100% fish bones; (G) fine to me- 
dium sand containing some charcoal, sea urchin, 
limpet and other shells, with fish, mammal, and 
bird bones; (H) primarily carbon and charcoal 
with slight amounts of sea urchin tests and sand 
with fish, bird, and mammal bones-coincident 
was a 4 m section of a cetacean mandible and a 
fireplace; (I) fine to coarse sand similar to G but 
with a higher sea urchin content and much fewer 
bones; (J) medium-grained sand containing fish, 
bird, and mammal bones, but no shells; (K) pri- 
marily sea urchin tests and sand with a few bird 
and mammal bones. 

Site 36 was located on a steep bluff 30 m above 
sea level adjacent to a freshwater stream. The 
midden was approximately 35 by 19 m with a 
maximum depth of 3 m. Four strata could be 
distinguished but, because of evidence of sub- 
sequent reworking, all strata from this site were 
combined into a single level and mid-point dat- 
ing of the predominant subfossil-bearing stratum 
was used to estimate age of the material. 

RADIOCARBON-DATING AND 
COMPOSITE LEVELS 

Radiocarbon dates were obtained from three 
strata at site 31 (i.e., strata B, G, J) and one at 
site 36 by the excavators (Desautels et al. 1971). 
In cases where bone abundances from individual 
strata were inadequate for quantitative analysis, 
we combined the data from adjacent undated 
strata with that from dated strata (i.e., data from 
strata A and C were combined with data from 
dated stratum B). We created four composite lev- 
els for the data analysis given in Tables 1 and 2: 
Level I (site 31, strata A+B+C: 890 ? 95 ybp 
[years before present]), Level II (site 3 1, strata 
E+G+H: 1,890 f 90 ybp), Level III (site 36, all 
strata, 2,250 & 100 ybp), and Level IV (site 3 1, 
strata I+J+K: 2,650 f 95 ybp). 
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TABLE 2. Residual analysis of the distribution (MNI) of element type by strata (Table 1) for the three com- 
monest shags. 

Species Level Skull 

Deviation by element type’ 2 
Trunk Upper Lower 

Pelagic Shag I 
II 
III 
IV 

Red-faced Shag I 
II 
III 
IV 

Kenyon’s Shag I 
II 
III 
IV 

+++ ++ 
_ --- - 

--- + + 

+++ ++ ++ + 
+++ - 
++ 

+ _ 

- 
+ 

- ++ 

’ +, indicate sign of si ificant deviation; the number of tbem,~the degree of significance; * P < 0.05, ** P < 0.01, l ** P < 0.001. 
2 Skull: cranium. man&be. maxdla: trunk: sternum. furcula. clavicle. coracoid, synsacnun; upper limb: humerus, radius, ulna, carpometacarpus; .$ 

lower limb: femur; tibiotanuq tar&etatarsus. 

ANALYSIS 

We used Correspondence Analysis (CR) to assess 
the nature of associations between taxa and stra- 
ta. This multidimensional scaling technique 
measures the chi-square association between rows 
(taxa) and columns (strata) of a cross-classified 
table using correspondence “coordinates” in- 
stead of proportions as might be used in a con- 
tingency table. A standardized deviate is calcu- 
lated for each cell of a row or column profile by 
its relative contribution to the overall chi-square 
association of the table. Standardized deviates 
that differ markedly from zero indicate an as- 
sociation (i.e., lack of independence) between a 
row and column. A cross-product matrix of stan- 
dardized deviates is computed and is analagous 
to the covariance matrix of Principal Compo- 
nents Analysis (PCA). This cross-product matrix 
has r nonzero eigenvalues that sum to the total 
chi-square association of the table. Thus, the to- 
tal chi-square information of the comparison ta- 
ble is partitioned into r dimensions. For each 
dimension (axis), coordinates are computed so 
that each coordinate axis explains a decreasing 
amount of the total association. These CR co- 
ordinates are analagous to the principal com- 
ponents in PCA that partition the total variance. 
This feature makes it possible to account for a 
substantial amount of association between rows 
and columns by only a few CR coordinates re- 
gardless of the number of cells in the table. 

Row or column profiles that deviate signifi- 

cantly from the average (or marginal) profile will 
have CR coordinates significantly far from the 
origin and the chi-square distance is proportional 
to the deviation. Profiles with similar CR coor- 
dinates will have similar associations and thus 
the chi-square distance between coordinates 
measures the degree of association between points 
on a CR plot. The significance of the chi-square 
distance can be calculated between any two points 
(Lebart et al. 1984: 182) or as done here, a 95% 
confidence ellipse (CE) can be drawn centered on 
the origin. Coordinates lying within the 95% CE 
are statistically equivalent to the mean profile 
(origin). Greenacre (1984) and Lebart et al. (1984) 
should be consulted for more detailed discus- 
sions of Correspondence Analysis. 

Residual Analysis (Haberman 1982, Ever&t 
1977) makes it possible to isolate sources of de- 
viations from row-column independence in the 
comparison table. The standardized deviates cal- 
culated for use in the Correspondence Analysis 
can be used to assess the particular nature of 
association between row and column profiles (i.e., 
individual cells in the comparison table). In sim- 
ple terms, the standardized deviate (or residual) 
is the square root of a chi-square term with the 
sign of the deviation intact. The residual can be 
transformed to a standard normal deviate with 
mean of zero and unit variance with an estimate 
of term variance calculated from the marginal 
totals (Ever&t 1977, Whittam and Siegel-Causey 
198 1). The transformation yields an adjusted re- 
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sidual that indicates the contribution of a cell to 
the total deviation of the table from indepen- 
dence. 

RESULTS 

SPECIES COMPOSITION OF 
MIDDEN ELEMENTS 

Of 2,025 bones excavated from the two middens, 
those of Pelagic Shags predominated (78%). Five 
other species present, ranked in order of occur- 
rence, were: Red-faced Shag- 16%, Kenyon’s 
Shag- 5%, Double-crested Cormorant- l%, 
Japanese Cormorant-two elements, and Pal- 
las’s Cormorant-one element. Since all of these 
midden bones were unarticulated, they represent 
between 242 and 1,372 (MNI) individual birds 
(Table 1). 

Pelagic Shag. This species was the most nu- 
merous and was represented in all strata at both 
sites (Table 1). Coracoids, tarsometatarsi, fem- 
ora, and tibiotarsi comprised 60% of the total, 
with the remaining nine skeletal elements dis- 
tributed about evenly. Numerical abundance 
(measured either by MN1 or NISP) decreased 
with age of deposition with half the number found 
at 2,650 ybp compared to those from Level I of 
site 3 1 (890 ybp). In all, these elements represent 
a range of MN1 of between 167 and 1,113 in- 
dividuals. 

Red-faced Shag. This species was second in 
rank of abundance with 3 16 skeletal elements 
(Table l), representing a range of MN1 of be- 
tween 43 and 224 individuals. Skull bones (cra- 
nium, maxilla, mandible) were relatively three 
times more numerous than was the case with 
Pelagic Shags and may reflect their greater ro- 
bustness. Similar to the previous species, abun- 
dance decreased with age of deposition to about 
half the MN1 at 2,650 ybp compared to the up- 
permost layer. The total number of elements rep- 
resent between 43 and 233 individual birds. 

The proportion of Red-faced to Pelagic Shags 
did not differ through time (Kolmogoroff-Smir- 
noff two-sample test, P > 0.05), whether mea- 
sured using MN1 or NISP, by level or individual 
strata. In every instance, Pelagic Shag bones were 
about five times as numerous as Red-faced Shag 
bones except for stratum G (data not shown) 
where the numbers were about equal. 

Kenyon’s Shag. This species (see Siegel-Causey 
199 1 for discussion concerning the discovery and 
identification of this species) was the third most 

abundant component of the midden avifauna (5% 
of the total). About half of these bones were as- 
sociated with the lower limb; the rarest elements 
were sternum and skull bones. The abundance 
(measured by MN1 and NISP) varied greatly by 
level and site: this species was most numerous 
at site 36 and in the upper strata of site 3 1. The 
total number of elements (CSULB 140 1 l-l 4 119) 
represent a MN1 of between 20 and 80 individ- 
uals. 

Double-crested Cormorant. We found only 26 
elements of this species (CSULB 14 120-l 4 145) 
most of which were associated with the upper 
limb. This species was consistently a rare com- 
ponent of the midden fauna, never being more 
than 2% of the total. It is notable, however, that 
the MN1 remained the same throughout all levels 
at about 2-3 individuals. In total, these bones 
represent between 10 and 24 individuals. 

Japanese Cormorant. We found only two el- 
ements (CSULB 14146, 14147) ofthis species- 
a synsacrum and femur-and both were from 
Site 36. These elements showed no evidence of 
butchering, but have slight carboniferous mark- 
ings commonly associated with combustive de- 
struction. 

Pallas’s Cormorant. We found a single car- 
pometacarpus (CSULB 14 148) of this species 
from site 36. This cormorant is extinct and no 
associated skeletal elements exist (see Siegel- 
Causey 1988). Fortunately, one of the bones 
brought back by Stejneger (1884) from a former 
breeding colony on Bering Island (Kommandar- 
skii Islands, USSR) was a carpometacarpus 
(USNM 1907 l), so direct comparison was pos- 
sible (see pl. 2 of Stejneger and Lucas 1889). 

RELATIVE OCCURRENCE OF 
MIDDEN ELMENTS 

Inspection of Table 1 reveals that certain bones 
(e.g., humerus, ulna) were encountered far less 
often than others (e.g., coracoid, femur). For Red- 
faced, Pelagic, and Kenyon’s Shags together, the 
large bones ofthe upper limb (i.e., humerus, ulna, 
radius) and skull (cranium, maxilla, mandible) 
were significantly less abundant compared to the 
other elements (Kolmogoroff-Smirnoff one-sam- 
ple test, P < 0.00 1). To determine whether there 
was differential occurrence of shag bones by spe- 
cies and by level in the middens, we examined 
the pattern of deviation from expected values of 
Table 1 using the adjusted residuals calculated 
for each cell. The distribution of midden bones 
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TABLE 3. Pattern of taxon abundance (MNI) in strata excavated from site 3 1 on Amchitka Island. 

strata2 
TaxOIl A + B” C E G Ii I J+K 

STALB 12 9 4 3 5 6 2 
NFUL 3 3 1 2 10++ 2 
SHEAR 2- 2- 2 2 12 12+++ 
CANAD 8- 12 29+++ 5 3 2--_ 6 
EIDER 12 9 7 5 4 10 3 
HARL 7 5 4 1 4 4 4 
LARUS I 3 5+ 3 2 4 4 
URIA 9 7+ 4 6 2 
AETHIA 42 18-- 9 41++ 4- 
COMB 60 44 39 11 16 43 14 
PELAG 32 25 48+++ 5 15 25 6 
URILE 11 I 12 3 3 5 1 

’ AETHIA: Aethia spp., CANAD: Canada Goose (Branta canadensis), EIDER: Common Eider (Somateira mollissima), HARL: Harlequin Duck 
(H. histrionicus), LARUS: large gulls (Larus spp.), NFUL: Northern Fulmar (Fulmarus glacialis), PELAG: Pelagic Shag (Stictcarbo pelagicus), 
SHEAR: Slender-billed Shearwater (Procellaria tenuirostris), STALB: Short-tailed Albatross (Diomedea albatrus), URIA: Uris spp., COMB: all other 
spxxs hsted in Table 1 of Hanington (1984). 

’ All values except for shags of MNIs taken from Hanington (1984). 
3 +, - indicate sign ofdeviation from independence, number of them indicates signiEcancq *P < 0.05, ** P < 0.01, *** P < 0.001. 
’ MN1 values for strata A and B, and J and K were combined in this analysis to increase mmimum cell values. 

was not homogeneous through time, by species, 
or by type of element (Table 2). The distribution 
of Kenyon’s Shag bones through time generally 
conformed to expectation, and only four cells 
had significant deviations from the overall pat- 
tern of abundances. By contrast, bones of Pelagic 
and Red-faced Shags were found in patterns much 
different than expected from the overall abun- 
dances. 

The significant distributions of Pelagic and 
Red-faced Shag bones were nearly symmetrical 
by class of element. For Red-faced Shags, cranial 
elements occurred much more frequently in the 
upper three levels where the lower limb elements 
which were significantly underrepresented. Bones 
of the trunk were more common in the upper- 
most strata and less common in the lowermost 
strata; this pattern was directly opposite to that 
shown by upper limb bones. For Pelagic Shags, 
the patterns were somewhat less balanced. Fewer 
than expected cranial bones and more lower limb 
bones were found in the deepest strata, and a 
pattern similar to Red-faced Shags of under- and 
overrepresentation occurred between trunk and 
upper limb bones in the middle levels. 

The patterns of Red-faced and Pelagic Shag 
bones generally were complementary; for ex- 
ample, an overabundance of Red-faced Shag skull 
elements in the lowest two layers balanced an 
underabundance of Pelagic Shag skull elements 
here. Compared to the overall pattern for shag 
bones, Red-faced Shags are overrepresented in 
the uppermost layer while the abundance of Pe- 

lagic and Kenyon’s Shags conform to expected 
values. 

COMPARISON WITH CONTEMPORANEOUS 
SPECIMENS 

Harrington (1987) surveyed all bird bones from 
the Amchitkan middens by family and calculated 
total MNIs for various taxon groups by strata 
(Table 3). Cormorant bones represented only 
about 10% of the total number of bird bones 
excavated from these middens. Table 3 revealed 
that strata E, I, and J+K differed markedly (E: 
G2 = 41.2, df = 11, P < 0.001, I: G2 = 30.1, df 
= 11, P < 0.001, J+K: G2 = 30.2, df = 11, P < 
0.001) frsm the overall pattern of bird bones 
excavated from site 3 1. These deviations were 
caused primarily by the relative numbers of bones 
from Slender-billed Shearwaters, Canada Geese, 
small Auklets, and Pelagic Shags. By contrast, 
Red-faced Shag bones occurred in about average 
proportions throughout all strata. 

Finer discrimination of these patterns was elu- 
cidated using Correspondence Analysis. Six CR 
axes accounted for all of the association between 
taxon groups and midden strata; however, the 
first two axes explained 80% of the total asso- 
ciation and the model significantly fit the ob- 
served abundances (x2 = 29.5, df = 66, P = 0.99). 
The plot of these two CR axes (Fig. 2) shows 
several clusters of taxa groups: one comprising 
shags (PELAG, URILE), one of large gulls (LAR- 
US) and Harlequin Ducks (HARL), three of sin- 
gle taxa each (NFUL, SHEAR, CANAD), and 
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FIGURE 2. Plot of the first two correspondence axes (CR-I, CR-II) describing 80.1% of the total association 
between midden bones and strata from site 3 1. The ellipse describes the 95% confidence interval (see text). See 
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Table 2 for explanation of abbreviations. 

one large cluster comprising the rest of the spe- 
cies found (see Table 3) in these middens and 
the majority of the avifaunal diversity here. 

The CR plot clearly shows the positive asso- 
ciation between the abundances of Canada Geese 
and Pelagic and Red-faced Shags with stratum E 
by their proximity of CR coordinates. Pelagic 
and Red-faced Shags formed a cluster signifi- 
cantly distant (x2 = 4.55, P < 0.01) from the 
main cluster of species; that is, their abundance 
profiles were more similar to each other than to 
the rest. The Pelagic Shag coordinate (PELAG) 
lies closer to E than does the Red-faced Shag 
coordinate (URILE), which reflects its greater 
association to the average abundance profile there. 

Several other patterns are worth noting. First, 
the abundance profile for Slender-billed Shear- 
waters (SHEAR) is distinct from the other taxa 
and is unlike any other in its abundance profile 
throughout the midden strata. Residual analysis 
showed that bones of this species were under- 
represented in relation to the other taxon groups 
in strata C and E, but was much more numerous 
than the average in strata J+K (Table 3). The 
abundance profile of Canada Geese also was dis- 
tinct; goose bones were more common than ex- 
pected in stratum E and rare in stratum I. Second, 
the abundance profiles for Harlequin Ducks 
(HARL) and large gulls (LARUS) were similar 

and distinct from the average profile. Third, the 
patterns of bone abundances of the remainder of 
the species identified from the strata excavated 
from site 31 were overall similar. Since all of 
these species coordinates fall within the 95% CE, 
individual profiles in this group cannot be dis- 
tinguished from one another or from the overall 
mean profile (origin). 

DISCUSSION 

Our results indicate that the phalacorocoracid 
fauna of Amchitka Island during the late Holo- 
cene comprised six species and differed from the 
present, where only three species are now known 
to occur (Siegel-Causey 199 1). The low level per- 
sistence of Double-crested Cormorant bones at 
Amchitka Island throughout 2,600 years implies 
a much different distribution of this mesocor- 
morant than presently exists. Clearly, Double- 
crested Cormorants were more common on Am- 
chitka Island in the past than they are now, but 
there are several alternative explanations for the 
patterns observed in these middens. It is possible 
that a few transient Double-crested Cormorants 
may always occur throughout the Aleutians due 
to favorable weather conditions, and these mid- 
den bones, therefore, may simply reflect chance 
occurrences. Another possibility is that since 
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Double-crested Cormorants appear to prefer 
warmer climates and waters, subsequent climatic 
change since 890 ybp (i.e., the most recent mid- 
den deposits) might have acted to restrict this 
species from breeding in the central Aleutians in 
historical times. It is also possible that Double- 
crested Cormorants always have been a rare 
component of the Amchitkan avifauna in the 
past but were extirpated following post-contact 
introduction of Arctic foxes. Unlike the shags, 
this species (like all mesocormorants, Hypoleu- 
cus spp.) prefers level ground for nesting and is 
an easy target for terrestrial predators (Siegel- 
Causey 1988). 

The Aleutians have been visited by ornithol- 
ogists for more than a century, and none has 
observed Double-crested Cormorants further 
west than Unalaska (Kessel and Gibson 1978). 
Gabrielson and Lincoln (1959) refer to early ac- 
counts of Double-crested Cormorants seen on 
Agattu Island, west of Amchitka Island; how- 
ever, these were not based on field-collected 
specimens but instead on sightings from afar (B. 
Kressel, pers. comm.). Lack of sightings in recent 
times could be related to undiscovered colonies 
or through misidentification, but the former is 
unlikely given the increased effort in avifaunal 
censusing of Aleutian colonies (Sowls et al. 1979, 
Mendenhall and Sowls 1989). Although cor- 
morants and shags fly and feed differently (Siegel- 
Causey 1988) they are often difficult to identify 
even at close range (Siegel-Causey 1991) and 
thus rare occurrences of Double-crested Cor- 
morants in the western Aleutians may have es- 
caped notice from field observers. 

A direct link between climate change and 
shrinking population distributions of Double- 
crested Cormorants in the Aleutians is problem- 
atic. There is fair evidence that the Beringian 
climate has warmed in the past 800 years (Hop- 
kins 1973, 1979) and if average ambient tem- 
perature were the only criterion, this species 
should be more numerous now on Amchitka Is- 
land than in the past. It is clear, however, that 
other processes have been important. For ex- 
ample, the widespread introduction of Arctic 
Foxes throughout the Aleutians by Russian trad- 
ers in the late eighteenth century would have 
made an effective barrier against widespread dis- 
persal of this flat-nesting cormorant. It is quite 
likely that Aleutian Canada Geese have suffered 
a similar fate (Murie 1959, Kenyon 196 1). 

Our evidence indicates that the other two cor- 

morants were probably chance arrivals to Am- 
chitka Island. Japanese Cormorants breed in 
the Sea of Okhotsk, about 700 km away, and a 
few transients should be expected during 2,200 
years. Friedman (1933) reported finding a hu- 
merus of a Great Cormorant in middens exca- 
vated on Kodiak Island, 600 km east of Am- 
chitka Island. We have not seen this bone, but 
it is equally likely that it is instead from a Jap- 
anese Cormorant. 

Earlier reports (e.g., Pallas 1781, Pennant 1785, 
Latham 1790, von Kotzebue 182 1) of the Great 
Cormorant in Eastern Siberia, Kamchatka, 
Kommandarski Islands, etc., should be regarded 
with caution. Current study in the region indi- 
cates that Great Cormorants are primarily con- 
tinental, and are restricted to isolated popula- 
tions in the northern Japan Sea (Siegel-Causey 
and Litvinenko 1992). These individuals were 
probably Japanese Cormorants, which are sim- 
ilar in appearance. This species ranges north from 
Japan into the Kuriles and Soviet Far East and 
post-breeding dispersal or transiency eastward 
into the Aleutians and Alaska is more probable 
with this species (cf. Stejneger 1884). Obviously, 
it will take much more work from this region to 
settle this question definitively. 

The occurrence of a carpometacarpus of Pal- 
las’s Cormorant on Amchitka in these middens 
represents the first evidence of this species from 
sites other than Bering Island in the Komman- 
darski Islands. It is possible that this element 
came to Amchitka by human agency. Cormorant 
wings (alone or as part of a skin) were never a 
trade item (Hrdlicka 1945) however, and it does 
not seem likely that one would have been trans- 
ported from the Kommandarski Islands by Aleut 
hunters in kayaks. The existence of flighted, free- 
ranging Pallas’s Cormorants seems a more plau- 
sible explanation for this bone on Amchitka Is- 
land. 

Stejneger (1884) mentions anecdotal reports 
that place this species on Mednyi Island, Aii Ki- 
mur, and other localities in the Kommandarski 
Islands, but no specimens from these sites are 
known to exist. There are second-hand reports 
from early explorers (Pallas 178 1, von Kotzebue 
182 1) that Pallas’s Cormorants were used as food 
by native peoples along the Bering Sea coastlines 
of Kamchatka. If these reports are accurate, then 
it is clear that this species had a much larger 
distribution than was previously estimated. The 
notion that this species could not fly is unlikely 
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(see also Stejneger 1884, 1885; Stegmann 1936; 
Livezey, in press). 

The occurrence of Kenyon’s Shag on Amchit- 
ka Island has been discussed previously (Siegel- 
Causey 199 1). It is not known at present if this 
species is resident in the Aleutians or if they 
dispersed eastward from breeding colonies in 
Kamachatkan or Okhotskian waters (Siegel-Cau- 
sey and Litvinenko 1992). Little is known about 
this enigmatic bird. 

Our results indicate that Red-faced and Pelagic 
Shags have been residents of Amchitka Island 
for at least the past 2,600 years. At present, Pe- 
lagic Shags are about five times as numerous as 
Red-faced Shags on Amchitka (Sowls et al. 197 1) 
and this proportion is generally the same in all 
of the strata. The strongest pattern of species 
abundance that we detected among strata was an 
asymptotic increase in bone abundance with time. 
This abundance plateau may be partly artifac- 
tual, however, because of differential preserva- 
tion (i.e., bones are preserved better in more re- 
cent levels). Also, the integrity of bony elements 
will depend upon the nature of the soil matrices, 
i.e., bones are preserved better in calciferous soil 
(D. R. Yesner, pers. comm.). 

The clusters of taxon groups detected by the 
Correspondence Analysis (Fig. 2) are structured 
in terms of their abundance by strata, that is, the 
commonalities of taxa within each cluster relate 
to the way in which the bones were originally 
deposited by the early Amchitkans. For example, 
the cluster comprising Harlequin Ducks and large 
gulls (HARL, LARUS) are those taxa which were 
most likely collected inland rather than on the 
water or on cliffs (Veniaminov 1840, Jochelson 
1933). These taxa were exploited apparently for 
much different reasons: Harlequin Ducks are 
(were) the most abundant duck of the Aleutian 
Islands and during breeding season were used as 
an easy food source. Gulls were eaten only when 
other food was lacking and collected on land near 
refuse piles and other human habitations (Jo- 
chelson 1933). 

The shag cluster may represent a totally dif- 
ferent type of functional component. Contem- 
porary reports suggest that shag pelts were a valu- 
able trade commodity and the birds were used 
as a critical food item primarily in winter (Collins 
et al. 1945, Hrdlicka 1945). The early Aleuts 
considered January as anulgilum tugida’, “the 
month of miles [black shags] when they were 
hunted” (Veniaminov 1840:255). Jochelson 

(1933) reported that they were caught by hand 
in their nests and used for food; winter cormo- 
rants were prized at least as much for their neck 
pelts for capes as they were for the meat. 

Early Aleuts used shags for other purposes. 
The significant underrepresentation of the major 
bones of the upper limb (Table 1, 2) in these 
middens results from their use as tools or im- 
plements (Jochelson 1933, Desautels et al. 197 1). 
The underrepresentation of skull bones in the 
middens probably relates to their fragility rather 
than preferential usage, because it does not ap- 
pear that these elements had any special use or 
value (Veniaminov 1840, Jochelson 1933). 

These results suggest that the diversity of the 
marine coastal avifauna has experienced dynam- 
ic change since the late Holocene and that the 
distributions of shags and cormorants in partic- 
ular were different than now known. Some dif- 
ferences seem likely due to changing environ- 
mental conditions in Beringia, but many other 
factors may have affected species numbers and 
abundances. Studies underway on material from 
middens located on nearby islands presage a de- 
tailed biogeographic history of coastal seabird 
populations of the Bering Sea. 

ACKNOWLEDGMENTS 

We thank Dr. Stuart Warter (California State Univ., 
Long Beach) for access to his extensive collection of 
midden bones and for valuable discussions on inter- 
pretation of these findings. We are grateful to P. S. 
Humphrey and B. C. Livezey for insightful comments. 
We thank the following curators and museums for as- 
sistance in borrowing or examining specimens: L. P. 
Baptista (California Academy of Sciences), G. F. Bar- 
rowclough (American Museum of Natural History), M. 
C. M&&rick (Museum of Zoology, Univ. Michigan), 
S. Rohwer (Burke Museum, Univ. Washington), E. E. 
Pillaert (Zoological Museum, Univ. Wisconsin), and 
R. L. Zusi (U.S. National Museum ofNatural History). 
This research was partially supported by the Museum 
of Natural History, Univ. Kansas. This is contribution 
No. 2 of the Panarctic Biota Project. 

LITERATURE CITED 

ARMSTRONG, R. H. 197 1. Physical climatology of 
Amchitka Island, Alaska. Bioscience 21:607-609. 

BAIRD, P. A., AND P. J. GOULD [EDS.]. 1983. The 
breeding biology of marine birds in the Gulf of 
Alaska. Technical Report, U.S. Fish Wildl. Serv., 
Anchorage, AK. 

COLLINS, H. B., A. H. CLARK, AND E. H. WALKER. 
1945. The Aleutian Islands. Smithsonian Insti- 
tution War Background Studies. No. 21. Wash- 
ington, DC. - 



CORMORANT HISTORICAL DIVERSITY 851 

COOK, J. P., E. J. DIXON, AND C. F. HOMES. 1972. JOCHELSON, W. 1933. History, ethnography, anthro- 
Archaeological Report, site 49Rat32, Amchitka pology of the Aleut. Carnegie Institute, Philadel- 
Island. US Atomic Energy Commission. phia. 

DESAUTELS, R. J., A. J. MCCURDY, J. D. FLYNN, AND JONES, R. D., JR. 1963. Buldir Island, site of a rem- 
R. R. ELLIS. 197 1. Archaeological report: Am- nant breeding population of Aleutian Canada 
chitka Island, Alaska, 1969-1970. USAEC Rept. Geese. Wildfowl Trust 1963380-84. 
TID-2548 1. KENYON, K. W. 1961. Birds of Amchitka Island, 

DINESMAN, L. G. 1977. Biogeneotsenozy stepei v go- Alaska. Auk 78:305-326. 
lotsene [Steppe ecosystems in the Holocene]. Nau- KLE~, R. G., AND K. CRUZ-URIBE. 1984. The anal- 
ka, Moscow. 

DINESMAN, L. G. 1986. Paleontological methods of 
studying history of recent biogeocoenoses. Publ. 
Karelian Inst. (Univ. Joensuu)79:11-16. 

EMISON. W. B.. F.S.L. WILLIAMSON. AND C. M. WHITE. 
197 1. Geographical affinities’ and migrations of 
the avifauna on Amchitka Island, Alaska. Bio- 
Science 21:627-631. 

EVERITT, B. S. 1977. The analysis of contingency ta- 
bles. Chapman and Hull, London. 

FRIEDMANN, H. 1932. The birds of St. Lawrence Is- 
land, Bering Sea. Proc. USNM 80: l-3 1. 

FRIEDMANN, H.- 1933. The Chinese Cormorant on 
Kodiak Island. Alaska. Condor 35:30-3 1. 

FRIEDMANN, H. 1935a. Avian bones from prehistoric 
ruins on Kodiak Island, Alaska. J. Wash. Acad. 
Sci. 25:44-5 1. 

FRIEDMANN, H. 1935b. The birds of Kodiak Island, 
Alaska. Bull. Chicago Acad. Sci. 5: 13-54. 

FRIEDMANN, H. 1937. Bird bones from archaeological 
sites in Alaska. J. Wash. Acad. Sci. 271431-438. 

GABRIELSON, I. N., AND F. C. LINCOLN. 1959. The 
birds of Alaska. Stackpole Co., Harrisburg, PA. 

GRAYSON, D. K. 1984. Quantitative zooarchaeology. 
Academic Press, New York. 

GREENACRE, M. J. 1984. Theory and applications of 
correspondence analysis. Academic Press, New 
York. 

GUGGENHEIM, P. 1945. An anthropologicalcampaign 
on Amchitka. Scientific Monthly 61:21-32. 

HABERMAN, S. J. 1972. The analysis of residuals in 
cross-classified tables. Biometrics 29:205-220. 

HARRINGTON, T. R. 1987. Avifauna comparison of 
midden on Amchitka Island, Alaska. Unpubl. 
MSthesis, California State Univ., Long Beach. 

HOPKINS, D. M. 1959. Cenozoic history of the Bering 
land bridge. Science 129: 15 19-1528. 

HOPKINS, D. M. [ED.]. 1967. The Bering land bridge. 
Stanford Univ. Press. Stanford. CA. 

HOPKINS, D. M. 1972. The paleogeography and cli- 
matic history of Beringia during late Cenozoic time. 
Interord 12:121-150. 

HOPKINS, D. M. 1973. Sea level history in Beringia 
during the past 250,000 years. Quat. Res. 3:520- 
540. 

HOPKINS, D. M. 1982. Aspects of the paleogeography 
of Beringia during the late Pleistocene, p. 3-28. In 
D. M. Hopkins [ed.], Paleoecology of Beringia. 
Academic Press, New York. 

HRDLICKA, A. 1945. The Aleutian and Commander 
Islands and their inhabitants. Wistar Institute 
Anatomy and Biology, Philadelphia. 

ISAKSON, J. S., C. A. SIMENSTAD, AND R. L. BURGNER. 
197 1. Fish communities and food chains in the 
Amchitka area. Bioscience 21:666-670. 

ysis of animal bones from archaeological sites. 
Univ. Chicago Press, Chicago. 

VON KOTZEBUE, 0. 182 1. A voyage of discovery into 
the South Sea and Bering Straights. Richard Phil- 
lips, London. 

Kaoo, J. 1953. Notes on the birds of Amchitka Is- 
land, Alaska. Condor 55:299-304. 

LATHAM, J. 1790. Index ornithologicus, vol. II. Leigh 
& Sotheby, London. 

LEBART, L., A. MORINEAU, AND A. E. MAXWELL. 1984. 
Multivariate descriptive statistical analysis. Wi- 
ley, New York. 

LIVEZEY, B. C. In press. Flightlessness in the Gala- 
pagos Cormorant (Compsohalieus [Nannopterum] 
harrisi): heterochrony, giantism, and specializa- 
tion in an insular foot-propelled diving bird. Zool. 
J. Linn. Sot. 

MATHIESEN, 0. A., AND M.A.M. PECK. 197 1. The 
coastal zooplankton around Amchitka Island, 
Alaska. Bioscience 211652-655. 

MCALISTER, W. B. 197 1. Oceanography in the vicin- 
ity of Amchitka Island, Alaska. Bioscience 21: 
646-651. 

MCCARTNEY, A. P. 1977. Prehistoric human occu- 
pation of the Rat Islands, p. 59-l 14. In M. L. 
Merritt and R. G. Fuller [eds.], The environment 
of Amchitka Island, NTIS. 

MERRELL, T. R., JR. 197 1. Marine fishery resources 
in the vicinity of Amchitka Island, Alaska. 
BioSience 21:610-614. 

MURIE, 0. J. 1959. Fauna of the Aleutian Islands and 
Alaska peninsula. N. Am. Fauna 6 1: l-406. 

NELSON, E. W. 1887. Report upon natural history 
collections made in Alaska. GPO, Washington, 
DC. 

O’CLAIR, C E., AND K. K. CHEW. 197 1. Transect stud- 
ies of littoral macrofauna. Amchitka Island, Alas- 
ka. Bioscience 21:661-665. 

ONO, K. 1980. Comparative osteology of three spe- 
cies of Japanese Cormorants of the genus Phala- 
crocorax (Aves, Pelecaniformes). Bull. Nat. Sci. 
Mus. Sec. C. 6: 129-15 1. 

PENNANT, T. 1785. Arctic Zoology, vol. II. Henry 
Hughs, London. 

PAL-, S. P. 178 1. Neue Nordriche Beitrage, Vol. I, 
D. 273-3 13. Johann Zacharias, Logan, Leinzia. 

SAVINETSKII, A. B., AND A. V. &AZ&. 199b. is- 
pol’zovanie iskopaemoi skorlypy yaits ptits dlya 
kharakteristiki vekobykh kolebanii klimata [Study 
of fossil eggshells of birds for characterization of 
ancient climate cycles]. Paleont. Zh. 1990: 132- 
134. 

SIEGEL-CAUSEY, D. 1988. Phylogeny of the Phalacro- 
coracidae. Condor 90:885-905. 

SIEGEL-CAUSEY, D. 199 1. Systematics and biogeog- 



852 D. SIEGEL-CAUSEY, C. LEFEVRE AND A. B. SAVINETSKII 

raphy of North Pacific shags, with a description 
of a new species. Oct. Pap. Univ. Kansas Mus. 
Nat. Hist. 140:1-17. 

SIEGEL-CAUSEY, D., AND C. LEFEVRE. 1989. Holocene 
records of the Antarctic shag (Phalacrocorax [No- 
tocarbo] bransfieldensis) in Fuegian waters. Con- 
dor 91:408-415. 

SIEGEL-CAUSEY, D., AND N. M. LITXNENKO. In press. 
Phalacrocoracidae of the North Pacific. In K. Ver- 
meer, K. T. Briggs, and D. Siegel-Causey [eds.], 
Seabirds of the North Pacific. Canadian Wildlife 
Service, Ottawa. 

Sowrs, A. L., S. A. HATCH, AND C. J. LENSINK. 1978. 
Catalog of Alaskan Seabird Colonies. U.S. Fish 
Wildl. Serv. Publ. 78/78. 

S[H]TEGMANN, B. 1936. Ueber das flugvermogen der 
ausgestorbenen Scharbe Phalacrocorax perspicil- 
latus. Omithol. Monatsber. 44: 140-l 53. 

STEJNEGER, L. 1884. Contribution to the history of 
the Commander Islands, I. Proc. USNM 6:65-66. 

STEJNEGER, L. 1885. Results of ornithological explo- 
rations in the Commander Islands and in Kam- 
tschatka. Bull. USNM 29:1-382. 

STEJNEGER, L., AND F. A. LUCAS. 1889. Contributions 
to the history of Pallas’ Cormorant. Proc. USNM 
12:83-94. 

TOMACHEV, A. I. [ED.]. 1970. [The Arctic Ocean and 
its coast in the Cenozoic Era.] Gidrometeorol. Izd., 
Leningrad, Russia. 

TURNER, C. G. 1970. Archaeological reconnaissance 
of Amchitka Island, AK. Arctic Anthro. 7(2): 118- 
128. 

VEN~AMINOV. I. 1840. [Notes on the islands of the 
Unalaska region.] St. Petersburg, Russia. 

WHITE, C. M., W. B. EMISON, AND F.S.L. WILLIAMSON. 
197 1. Dynamics of raptor populations on Am- 
chitka Island, Alaska. Bioscience 21:623-627. 

WHITTAM, T. S., AND D. SIEGEL-CAUSEY. 1981. Spe- 
cies incidence functions and Alaskan seabird col- 
onies. J. Biogeogr. 8:421426. 

WILLIAMSON, F.S.L., AND W. B. EMISON. 1969. Am- 
chitka Bioenvironment Program Report, USAEC 
BMI-171-125. 

YESNER, D. R. 1976. Aleutian Island albatrosses: a 
population history. Auk 93:263-280. 

YESNER, D. R. 1981. Archeologial applications of 
optimal foraging theory: harvest strategies ofAleut 
hunter-gatherers, p. 148-170. In B. Winterhalder 
and E. A. Smith [eds.], Hunter-gatherer-foraging 
strategies. Univ. Chicago Press, Chicago. 


