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AI•STR•CT.--We analyzed the spatial distribution and habitat relationships of pelagic birds 
on a circumnavigational cruise of Antarctica. Our analysis focused on two issues. First, we 
present a quantitative description of the structure of Antarctic seabird assemblages. This 
descriptive information benefits from a much more longitudinally extensive data set than 
previously available. Second, we used 18 crossings of the edge of the pack ice and 15 crossings 
of the continental slope to clarify the spatial relationship between aggregations of pelagic 
birds and these physical features. Our analysis corroborates the uniformity of bird species 
composition over the longitudinal range we covered. We found that the habitats with light 
(%0 to •0 coverage) pack-ice cover had the lowest density and biomass of birds of the four 
ice habitats (open water, icebergs only, light pack ice, heavy pack ice) surveyed. Even though 
overall bird abundance was not concentrated at the ice edge, aggregations of individual species 
were statistically likely to appear there. We found only a slight (34%) elevation in bird biomass 
over the continental slope, despite repeated previous findings of bird aggregations associated 
with the Antarctic slope front. Finally, 45% of the seabirds we observed were in three large 
aggregations. We suggest this concentration demonstrates the importance of localized patches 
of prey to foraging seabirds in the Antarctic. Received 3 October 1990, accepted 2 March 1991. 

THE WORLD'S oceans are divided into many 
habitats or zones with different physical and 
biological characteristics. Each zone or habitat 
is populated by a particular assortment of sea- 
birds (Ainley and Boekelheide 1984, Brown 1980, 
Murphy 1936, Pocklington 1979, Veit 1988). For 
example, the subtropical zone of the Pacific 
Ocean is inhabited by an assemblage of pelagic 
bird species different from that in the Pacific 
Subarctic Zone (Wahl et al. 1989). Such species 
segregation between habitats is evident also at 
a much smaller spatial scale (Hunt et al. 1990). 
Despite this relationship between bird species 
composition and oceanographic habitats, cor- 
respondence among the distributions of indi- 
vidual species is often weak or absent (Veit 1988). 
The ocean surrounding Antarctica is distin- 
guished by its uniformity over an enormous 
longitudinal range (Deacon 1982), and this uni- 
formity is reflected in the circumpolar ranges 
of many planktonic organisms (Bushnell and 
Hedgepeth 1969). We wanted to determine if 
the Antarctic Ocean is populated by a uniform 

• Present address: Department of Zoology NJ-15, Uni- 
versity of Washington, Seattle, Washington 98195 
USA. 

"community" of pelagic birds. The distribution 
of breeding colonies of birds in the Antarctic 
suggests that this is probably the case (Hunt 
and Nettleship 1988), as do compilations of in- 
cidental sightings of seabirds (Watson et al. 
1971). 

A number of physical structures within the 
Antarctic Ocean have often been described as 

foci for aggregations of pelagic birds. Two 
emerge as the most consistently attractive: the 
seaward edge of the pack ice and a hydrograph- 
ic front overlying the Antarctic continental slope 
(Ainley and Jacobs 1981, Veit and Braun 1984, 
Fraser and Ainley 1986). There is ample bio- 
logical reason to suspect that birds should ag- 
gregate near these structures. For example, 
phytoplankton and zooplankton are often con- 
centrated at the edge of the pack ice (Ainley et 
al. 1988) and Antarctic krill (Euphausia superba) 
often aggregate over continental or insular 
slopes (e.g. Makarov et al. 1988). However, sta- 
tistically significant associations between ag- 
gregations of birds and physical features have 
been elusive. The main problem seems to be 
that, even if birds aggregate at edges or slopes, 
the aggregations are not distributed uniformly 
along these features. Also, sufficiently large 
samples have proven difficult to obtain. On our 
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Fig. 1. Cruise track and distribution of ice habitats 25 January to 26 February, 1983. The habitats are as 
follows: pack ice (O), ice edge (0), icebergs only (•), and open water (O). Numbers indicate the positions of 
the 18 ice-edge crossings. 

circumnavigational cruise, we crossed the edge 
of the pack ice 18 times, and the continental 
slope 15 times. These samples of slope and edge 
crossings are sufficiently large for statistical 
analysis. To clarify the relationship between the 
locations of aggregations of seabirds and edges 
and slopes, we introduce statistical techniques 
that we believe will be useful in future analyses 
of pelagic bird distribution. 

During the austral summer of 1982-1983, we 
measured the longitudinal variation in abun- 
dance and species diversity of pelagic birds on 
a circumnavigational cruise of Antarctica (Holm- 
Hansen and Chapman 1983). This lengthy cruise 
provided data representing a broader longitu- 
dinal coverage than has ever been reported for 
Antarctic birds during a single year. We use 
these data to examine hypotheses about asso- 
ciations between bird aggregations and physi- 
cal oceanographic features generated from oth- 
er studies (Abrams 1985, Ainley et al. 1984, 
Bierman and Voous 1950, Brown et al. 1975, 
Johnstone and Kerry 1974, Kock and Reinsch 
1978, Montague 1988, Thurston 1982, van Oordt 
and Kruijt 1953, Zink 1981). 

METHODS AND STUDY AREA 

The USCGC 'Polar Star' left McMurdo Station (73øS, 
180 ø ) on 23 January 1983, traveled westward, and ar- 
rived at Palmer Station (64•S, 64øW) on 6 March 1983 
(Fig. 1). The main purpose of the cruise was to inspect 
research bases in Antarctica, and our control of the 

cruise track was limited. Periods of steaming were 
punctuated by brief visits ashore. As we approached 
each research base, we requested that the ship cross 
both the ice edge and the continental slope at as near- 
ly perpendicular an orientation as possible. For this 
paper, we analyzed only those data collected between 
the Ross and Weddell seas. To complete the journey 
quickly, the Polar Star followed the outer edge of the 
pack ice closely. 

We surveyed two major water masses, the East Wind 
Drift and the West Wind Drift. The boundary be- 
tween these two masses is the Antarctic Divergence, 
where Circumpolar Deep Water upwells to the sur- 
face (Foster 1984). The East Wind Drift, which borders 
the continent, flows to the west. The West Wind Drift 

flows eastward farther offshore. During summer the 
surface waters of the East Wind Drift are somewhat 

colder (<0øC) and less saline (<33.8 ppt) than those 
of the West Wind Drift (Foster 1984). The East Wind 
Drift is usually covered with pack ice, so that large 
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portions are exposed to the sun only during late sum- 
mer. 

We made strip transects that were divided into dif- 
ferent length intervals depending on the question 
being addressed. In each interval, we observed both 
birds and physical features. We used a variety of sta- 
tistical analyses to ask what patterns (if any) emerge 
from the data. We counted birds from the flying bridge 
(17 m above the sea surface) or in the pilot house (15 
m above the sea surface) with methods described by 
Tasker et al. (1984). We calculated bird densities by 
dividing the number of birds counted in the strip by 
the strip's area. To estimate the strip's area, we used 
a radar-based estimation of the ship's speed. We cal- 
ibrated these estimates of speed against "fixes" of the 
ship's position, which came at irregular intervals from 
a satellite. Ship-following birds were recorded when 
first seen within the counting area, and ignored sub- 
sequently. Most of the data on birds were collected 
by a single observer, but in a few places where birds 
were extremely numerous, one observed while the 
other recorded. We collected observations continu- 

ously while underway during daylight hours. Day 
length varied between 24 h (in January 1983) and 18 
h (by the end of the study on 27 February 1983). 

The ship's technicians collected surface water sam- 
ples by bucket in every hour during which we were 
counting birds. They measured temperature to the 
nearest 0.1øC with a thermometer and salinity to the 
nearest 0.001 ppt with an inductive salinometer. Bot- 
tom depth was recorded continuously with a preci- 
sion depth recorder. We visually estimated the per- 
centage of ice coverage every 10 rain, and also obtained 
large-scale maps of ice coverage from helicopter re- 
connaissance. 

For analysis of interspecific association, we divided 
the continuous transect data into 2-h segments. In 
contrast, for analyses of single-species patterns we 
divlded our data into 10-min intervals. We chose to 

divide our data into intervals of time rather than dis- 

tance because we received position fixes at irregular 
intervals. Therefore, most of the positions we record- 
ed were interpolations. We chose different scales for 
the different analyses because associations between 
species are likely to be evident at a larger scale than 
are associations between single species and physical 
features within the environment (Hunt and Schnei- 
der 1987). 

We used two methods to assess the degree to which 
species associated with one another. The first was 
"recurrent group analysis" (Fager 1957). Fager's 
method determines which species form "very fre- 
quent" parts of each other's environment, where the 
term "very frequent" has a precise statistical defini- 
tion. In Fager's method, one measures concordance 
or correlation among species, after it has been deter- 
mined that the species have largely overlapping dis- 
tributions. 

We also used cluster analysis of Pearson product- 

moment correlation coefficients (Aldenderfer and 
Blashfeld 1984). Unlike Fager's method, cluster anal- 
ysis addresses whether or not oceanographic zones 
differ with respect to bird species composition. We 
used discriminant analysis (Klecka 1980) to test the 
statistical distinctivehess of the clusters. 

To determine whether birds aggregated at the edge 
of the pack ice, we selected our most nearly perpen- 
dicular ice-edge crossings (i.e. we picked crossings in 
which 2 h of continuous travel in open water was 
followed by 2 h of continuous travel on the same 
heading in ice, or vice versa). We excluded crossings 
of poorly defined ice edges (i.e. places where we en- 
countered gradually increasing ice coverage over an 
extended distance). On each of these ice-edge cross- 
ings, the ship was traveling towards or away from 
land. We excluded oblique crossings such as might 
have resulted from the ship's attempt to shortcut across 
a tongue of pack ice. On average, we traveled some- 
what slower in ice (18.5-20.4 km/h) than in open 
water (25.9-26.6 km/h). For each such crossing, we 
integrated bird numbers over 10-min intervals. 

We had to develop a criterion for identifying ag- 
gregations. We defined an aggregation of birds as a 
number of birds per 10-rain interval that exceeded 
the mean for the entire 4-h transect by > 1.96 SD units. 
For each 4-h transect, we determined if any of four 
10-rain segments (two to either side of the ice edge) 
contained an aggregation. 

To establish whether or not the distribution of ag- 
gregations was related to ice edges, we integrated bird 
numbers over 40-rain segments (because we had first 
searched for aggregations occurring 20 rain to either 
side of the edge). We then randomized the spatial 
distribution of the resulting 106 forty-minute seg- 
ments 100 times. Out of the total of 100, we counted 

the number of trials for which the number of edge 
segments containing aggregations equaled or exceed- 
ed the number that we actually observed. 

We constructed the distributional maps using DIS- 
SPLA graphics software on a VMS VAX computer at 
the University of California-Irvine. We used a Lam- 
bert Azimuthal Equal Area projection, with the pole 
on the geographic south pole. This projection pre- 
serves proportional areas at the expense of distorting 
bearings at the edges of the map. All the statistical 
computations were performed with SYSTAT (Wilkin- 
son 1986). 

RESULTS 

Communities.--Our observations are consis- 

tent with the notion that the Antarctic Ocean 

supports a geographically uniform assemblage 
of seabirds. The most numerous species we re- 
corded--Antarctic Petrel (Thalassoica antarctica), 
Adfilie Penguin (Pygoscelis adeliae), Snow Petrel 
(Pagodroma nivea), and Arctic Tern (Sterna par- 
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adisaea)--accounted for > 90% of the total. These 2o' 
four species maintained their numerical dom- 
inance over the entire area surveyed. The per- 
sistence of this assemblage is supported by cam- 
parisans to surveys in the Bellingshausen and •' 10. 
Amundsen seas during 1976 (Zink 1981), in the 
Ross Sea during 1976-1980 (Ainley et al. 1984), 
and in Prydz Bay during 1982 (Montague 1988). 
In all four surveys, spread over 7 yr, the same 
three species of birds dominated the avian com- 
munity. 

We found a wide geographical similarity in 
species composition, but we found no "recur- $0' 
rent groups" of species among the 22 that we 
analyzed. This means that the distribution of ,.. 40. 
each species does not for the most part depend 
on the distributions of others. Therefore, we I- 30 
perceive the assemblage of pelagic birds in the .o_ 

Antarctic Ocean to be a collection of species • 20- distributed according to their individual needs 10 - 
and not an organic entity or integrated struc- 
ture. Our view of the Antarctic seabird cam- 0 

munity thus resembles the concept of plant 
communities propounded by Gleason rather 
than the more integrated or cohesive view of 
Clements (see Moore 1990). 400 

At a pairwise level, we detected some non- 
random associations. In particular, 8 pairs of 
species showed significant association. Of 171 
possible comparisons, 8-9 such pairs are ex- O 200 - 
pected due to chance. However, the pairings .- 
that emerged from our analysis seemed intui- 
tively reasonable. For example, species most of- • 100 - 
ten associated with pack ice (Ad•lie Penguin, 
Snow Petrel, Antarctic Petrel, Arctic Tern) were 0 
grouped together, as were the "open water" 
species [Light-mantled Sooty-Albatross (Phoe- 
betria palpebrata), White-chinned Petrel (Procel- Fig. 2. 
laria aequinoctialis), Antarctic Prian (Pachyptila 
desolata)]. Montague (1988) detected these same 
interspecific associations at Prydz Bay. 

Ad•lie Penguins, Antarctic Petrels, Snow Pe- 
trels, and Arctic Terns were numerically dom- 
inant and tended to co-occur in space, even 
though they did not form a recurrent group. 
Therefore, we further examined the relation- 
ship in abundance among these four species 
with measures of correlation and concordance. 

The four species tended to reach maximum 
abundance within the same 2-h segments (Ken- 
dall's coefficient of concordance = 0.301, P = 

0.050, df = 145). However, there were many 2-h 
segments in which one species was aggregated 
but the others were not (Fig. 2). Thus, the over- 

Spearman r =0.404, p<.001 
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AdeUe Penguin 
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lO 
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2"0 
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I 0 2 0 3'0 4 0 5'0 
Antarctic Petrel 

correlation of abundance between 

pairs of species revealed by recurrent group analysis. 
The species are also among the numerically dominant 
within the area studied. The units (density) are in- 
dividuals per square kilometer. 

all pattern is one of weak interdependence of 
distribution. 

Despite the lack of groupings of species within 
the area we surveyed, groupings of habitats did 
emerge. We found distinctive groupings (clus- 
ters) of species associated with the East Wind 
Drift and West Wind Drift zones, and also with 
different ice habitats (Fig. 3). We partitioned our 
data into three geographical sectors (Ross Sea 
to 90øE, 90 ø to 15øE, and 15 ø to the Weddell Sea) 
and found that the groupings were consistently 
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apparent in all three sectors. The species assem- 
blages that we identified were strongly influ- 
enced by the type and amount of ice that was 
present. For example, in the East Wind Drift, 
the birds of the ice-edge zone were different 
from those not associated with ice. Within the 

West Wind Drift, there were three assemblages 
of birds: one associated with icebergs, a second 
with the ice edge, and a third with open water. 
These divisions persisted in each of the three 
sectors. The statistical significance of the dis- 
tinctiveness of the ice clusters was supported 
by discriminant analysis (Wilks' Lambda = 0.515, 
P < 0.001), but 38% of the samples were sub- 

sequently misclassified by the discriminant 
functions. The division between East Wind Drift 

and West Wind Drift clusters was somewhat 

more clear (Wilks' Lambda = 0.758, P < 0.001, 
only 15% of samples misclassified). This clear 
pattern emerged despite possible misclassifi- 
cation of some samples due to intrusion of pack 
ice into the saltier waters of the West Wind 

Drift. 

Aggregations.--We encountered three very 
large aggregations of birds, which together con- 
tained >45% of the birds seen on the entire 

survey. One of these was near a place previously 
thought to support elevated abundance of krill 
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(Marr 1962). On 28 January off Wilkes Lard 
(66ø6'S, 110ø50'E), we saw a feeding aggregation 
of approximately 100,000 Short-tailed Shear- 
waters, 500 White-headed Petrels, 500 Light- 
mantied Sooty-Albatrosses, and 500 Mottled 
Petrels, plus smaller numbers of Antarctic Prions 
and White~chinned Petrels. We assumed pre- 
viously (Hunt and Veit 1983) that the dark 
shearwaters were Puffinus griseus, but recent ev- 
idence suggests that all dark shearwaters vis- 
iting that area are P. tenuirostris (Kerry et al. 
1983). Veit's field notes mentioned that ap- 
proximately 30% of the shearwaters appeared 
to have dark underwings, a feature character- 
istic of P. tenuirostris. 

Previous distributional summaries (Palmer 
1962, Watson 1975) indicate a puzzling incon- 
sistency in the distribution of P. griseus at high 
latitudes. In the Arctic, P. griseus barely enters 
the Bering Sea, while in the Antarctic it sup- 
posedly occurs over much colder water near the 
coast of Antarctica. Our data and that of Kerry 
et al. (1983) strongly suggest that the southern 
limit of the distribution of P. griseus has been 
exaggerated. P. tenuirostris is the Polar species 
in both the northern and southern hemi- 

spheres. 
Off Enderby Land (65ø41'S, 25ø51'E), we en- 

countered on 8 February an enormous feeding 
flock of Antarctic Petrels, which we estimated 

to contain one million individuals. The petrels 
appeared to be catching euphausiids. The third 
major aggregation we encountered comprised 
several thousand Emperor (Aptenodytes forsteri) 
and Ad•lie penguins roosting on the ice in the 
central Weddell Sea (68ø42'S, 23ø33'W; 25 Feb- 
ruary). The aggregation of Antarctic Petrels off 
Enderby Land was near a place Mart (1962: 61) 
described as containing a "principal concentra- 
tion" of krill. The multispecies aggregation off 
Wilkes' Land was near two "principal concen- 
trations," whereas the aggregation of penguins 
in the Weddell Sea was in a region not sampled 
by Marr. 

FACTORS INFLUENCING ABUNDANCE AND 

SPECIES COMPOSITION 

Ice.--We categorized our samples into four 
arbitrarily chosen ice habitats. We used a non- 
parametric analysis of variance to detect differ- 
ences in abundance between habitats (Fig. 4). 
Of these four habitats, the one we called light 
pack ice (•0 to •0 ice cover) had the lowest den- 

sity and biomass of birds. Only two species, 
Snow Petrel and Arctic Tern, were numerous 

there. Of the 22 species, 10 were most numerous 
in places where there were many icebergs but 
no pack ice. Both Emperor and Ad•lie penguins 
were most numerous in pack ice, and only the 
Cape Petrel (Daption capense) was most numer- 
ous over open water. 

We made 18 nearly perpendicular crossings 
of the edge of the pack ice. On four crossings, 
aggregations of seabirds (all species lumped to- 
gether) occurred within 20 rain (ca. 5 kin) to 
either side of the ice edge. Spatial randomiza- 
tion of the aggregations showed that peaks of 
avian biomass occurred at the ice edge no more 
often than would be expected due to chance 
(Fig. 5). A similar analysis on individual species 
provided evidence for nonrandom association. 
Aggregations of Snow Petrels, for example, oc- 
curred at 44% of all crossings. This is apprecia- 
bly more often than would be expected from a 
random distribution and is consistent with our-- 

and numerous others' (e.g. Fraser and Ainley 
1986)--observations that Snow Petrels often 

forage along the edge of the pack ice. We often 
saw Arctic Terns sitting on brash ice and on 
small cakes of pack ice near the ice edge, and 
sometimes we saw flocks feeding over polyn- 
yas. We saw significant aggregations of Arctic 
Terns at the ice edge on 22% of all crossings, 
and on 44% of crossings during transects on 
which > 10 Arctic Terns occurred. In summary, 
aggregations of at least one species occurred 
much more often than would be expected due 
to chance. Thus, our intuition that aggregations 
of birds are to be anticipated at the ice edge was 
borne out. 

Frequency distributions of the spatial distri- 
bution of bird aggregations with respect to the 
position of the ice edge (Fig. 5) clarify this point. 
On any single crossing of the ice edge one is 
statistically likely to encounter an aggregation 
of some species of seabird, although total bird 
abundance is no higher at the ice edge than it 
is over either open water or heavy pack ice. 

Slopes.--We were not able to determine 
whether a hydrographic front was present on 
most of our crossings of the continental slope. 
Therefore, we searched for an elevation in bird 

density over the continental slope, on the prem- 
ise that the presence of such a front in the Ross 
Sea is important to foraging seabirds (Ainley 
and Jacobs 1981). On our cruise, avian biomass 
was only 34% higher in waters over the conti- 
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Fig. 4. Comparative bird abundance in four ice habitats (œ _+ 1.96 SD units). The four habitats are open 
water (0), icebergs but no pack ice (1), pack-ice edge (2), and heavy pack ice (3). 

nental slope than over either shelf or deep wa- 
ters (Mann-Whitney U-statistic = 3,089, P = 
0.022). The only species whose abundance was 
significantly higher over slope waters was the 
Snow Petrel (U = 3,166.5, P = 0.019). Because 
we found no strong relationship between bird 
abundance and the location of the Antarctic 

continental slope, we did not conduct more de- 
tailed statistical analyses of the slope/seabird 
spatial association, as we did for the edge of the 
pack ice. 

Temperature/salinity relationships. --Differ- 
ences in bird species composition between the 
East Wind Drift and the West Wind Drift de- 

pended mainly on ice cover. Both Emperor and 
Ad&lie penguins were more abundant in the 
East Wind Drift, as were Snow Petrels and Arc- 

tic Terns. These species' preference for waters 
adjacent to the ice edge likely accounts for their 
distribution. The most numerous species in the 
West Wind Drift were Short-tailed Shearwater, 
White-chinned and White-headed petrels, and 
prions. However, the majority of individuals of 
all these species were concentrated in one re- 
stricted area, off Wilkes' Land. 

DISCUSSION 

The uniform composition of bird species as- 
semblages over a broad longitudinal range in 
the Antarctic Ocean was supported by our data. 
There was, however, little cohesion among the 
distributions of individual species. Each species 
exploits the environment in a fashion that is 
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independent of the actions of other species. De- 
spite the independence of species distributions, 
we identified discrete habitats in the Antarctic 

on the basis of the mix of pelagic bird species 
that inhabits them. The division between hab- 

itats persists through the entire longitudinal 
range surveyed, and also corresponds to divi- 
sions described by Ainley et al. (1984) and by 
Montague (1988). For example, the "pack ice" 
community of Ainley et al. (1984) is very similar 
to the assemblage of species that we found over 
pack ice (ice habitats: light and heavy pack ice). 
There were only minor differences in species 
composition between the three surveys. The 
"iceberg" habitats in the three studies were also 
very similar. Antarctic Petrel was consistently 
the most numerous species. Ainley et al. saw 
more Snow Petrels whereas we saw more Short- 

tailed Shearwaters. The open-water habitats of 
the three studies differed considerably; ours was 
dominated by Antarctic Petrels, Montague's 
(1988) by Southern Fulmars (Fulmarus glaci- 
aloides) and Ainley et al.'s (1984) by Sooty Shear- 
waters. These differences probably reflect dif- 
ferences in ice coverage or geographical location 
of the respective surveys. During our time in 
East Antarctica, most of the pack ice had melted, 
so Antarctic Petrels had no ice over which to 

forage. We only saw Sooty/Short-tailed Shear- 
waters in a small portion of the longitudinal 
range we covered, and Montague may have been 
too far south to record either shearwater spe- 
cies. 

Antarctic breeding species had distributions 
that were continuous within the area surveyed, 
as did wintering Arctic Terns. The main geo- 
graphical differences in species composition 
seemed to be a consequence of the location of 
nesting colonies. For example, Short-tailed 
Shearwaters (Puffinus tenuirostris) were most 
common in the sector south of Tasmania, Mot- 
tled and White-headed petrels (Pterodroma inex- 
pectata and Pterodroma lessoni) were most com- 
mon south of New Zealand, and White-chinned 
Petrels and Antarctic Prions were most numer- 

ous to the south of the Kerguelen Islands (Fig. 
6). 

The elevated abundance of birds we recorded 

to the north of the pack-ice edge, in open water 
interspersed with icebergs, is consistent with 
previous observations of intense biological ac- 
tivity in that general area. Fraser and Ainley 
(1986) have hypothesized that seabirds aggre- 
gate to the north of the retreating ice edge in 

Aggregations of Total Birds 

Distance From Ice Ed.cle 

•ø t Aggregations of at least one Species 

2 

0 

-12-11-10-8 -7 -5 -4 2 0 I 2 3 4 5 6 7 8 9 1011 

Distance from Ice Edge 

Fig. 5. Distance of bird aggregations from the edge 
of the pack ice. The units are 10-rain segments, and 
positive values indicate distance towards land from 
the ice edge. Thus, a distance of -4 indicates 40 rain 
of steaming time offshore from the ice edge. 

late summer. In that part of the Antarctic Ocean 
that has been recently exposed to sunlight, algal 
populations grow very quickly because fresh 
water left by the melting ice maintains a shal- 
low and stable mixed layer (Smith et al. 1988). 
This area of rapidly growing algal blooms (the 
Marginal Ice Zone) subsequently attracts pop- 
ulations of krill and other grazers, which serve 
as prey for seabirds. An alternative explanation 
for the elevated abundance of birds observed 

north of the pack ice involves the icebergs. Ant- 
arctic icebergs generate upwelling in their im- 
mediate vicinity as they melt (Neshyba 1977), 
so they may support algal blooms, which then 
serve as foci for foraging krill. Our analysis 
shows clearly that seabirds tend to aggregate 
over iceberg-laden waters north of the pack ice. 
We suggest that future research should deter- 
mine the mechanism that results in bird prey 
becoming especially abundant or available in 
that area. 

Our analysis of the occurrence of bird aggre- 
gations at the ice edge helps to clarify the sl•atial 
association between birds and this physical 
boundary. We have shown that on any given 
crossing of the ice edge, an encounter with an 
aggregation of birds is statistically likely. Yet, 
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". •, --•.t; ? 
'>• White-headed Petrel 

Fig. 6. Distribution of Antarctic Prion, Mottled 
Petrel, White-headed Petrel, and Kerguelen Petrel. 
Each point represents a 2-h segment; open circles = 
zero density; filled circles of increasing size represent 
densities of 0.1-10.0 birds/km 2. 

neither abundance nor biomass of birds is high- 
er than average at the ice edge, compared with 
other habitats that we surveyed. Perhaps for- 
aging birds are attracted to the ice edge because 
it presents a strong visual clue, but prey are not 
consistently abundant there. Our findings per- 
tain to the actual ice edge rather then the Mar- 
ginal Ice Zone. The latter is an extensive (200- 
400 km wide) band of relatively fresh water that 
derives from the melting sea ice and that seems 
to strongly influence trophic interactions (Fra- 
ser and Ainley 1986). Our finding may be more 
broadly applicable to a variety of physical fea- 
tures hypothesized to be of importance to birds 
and other predators. Although aggregations of 
single species may occur, these aggregations do 
not always affect the overall distribution of 
abundance. 

Our analysis of bird aggregations near the 
continental slope only weakly corroborate the 
findings of Ainley and Jacobs (1981). Possibly 
the Antarctic slope front in the Ross Sea is more 
conducive to attracting seabirds than the slope 
front elsewhere in the Antarctic. It is also pos- 
sible that at some places where we crossed the 

continental slope, there was no front. We sug- 
gest that the hydrography overlying the slope, 
rather than the slope itself, is the feature of 
importance to foraging birds. 

Apart from results that pertain to specific spe- 
cies or biological associations, we present an 
observation, based on our analyses, which may 
be broadly applicable to analysis of spatial pat- 
terns. We suggest that increased variance of 
abundance, rather than increased mean abun- 

dance, might be a better statistical measure of 
aggregation. We hypothesize that biologically 
productive zones should be characterized by 
significantly higher variance in seabird abun- 
dance than less productive areas. This statistical 
difference arises from the tendency of foraging 
birds to form aggregations in response to ele- 
vated prey density. To test this, we measured 
the mean abundance, variance, and Green's co- 
efficient of dispersion (Gx; Andrew and Map- 
stone 1987) for each day of sampling. Of the 
three major aggregations we found, one (Ant- 
arctic Petrels off Enderby Land) had both the 
highest mean abundance and highest variance 
of all our days of sampling, and one (mixed 
species off Wilkes' Land) had the highest 
"patchiness" as indicated by Gx. The highest 
total number of birds we saw within our count- 

ing zone on any one day was within the ag- 
gregation of penguins in the Weddell Sea, but 
that aggregation was not characterized by ei- 
ther high variance or high Gx. It is perhaps sig- 
nificant that the penguins within that aggre- 
gation were not feeding, but were roosting and 
molting. Thus, we cannot suggest a "best" way 
to describe bird aggregations based on the data 
available. However, comparisons of mean 
abundance are certainly inadequate for por- 
traying the dramatic changes in pattern that 
emerge from distributions of pelagic birds at 
Sea. 
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Excerpt from "Recent Literature" (1891, Auk 8: 379-381) 

"Sharpe's 'Review of Recent Attempts to Classify Birds.'*--Dr. Sharpe prefaces his own scheme with 
some well-considered remarks on the slow process of building up a natural classification of birds, which he 
compares to the construction of a building to which each labouter in the field contributes his quota. 'Sometimes 
the structure has to be altered and amended but it is seldom that a labouter, whose soul is in his work, retires 
without having added something in the shape of useful materials. It takes a long time--it may be years of 
study--before a sound brick is baked .... It is certain, however, that by this 'brick'-making materials for the 
structure of the Classification of Birds will be slowly gathered.' He has also a word for the critic who pulls 
down but never builds up. This is followed by some practical and very sensible remarks upon the exhibition 
of bird material in museums, and on the general subject of the study of birds. He says: 'If the system of 
teaching by artistic groups be adapted, then only the principal forms would require illustration, and a 
representation of the leading type of each order or sub-order would suffice. A supplementary gallery might 
be provided, in which types of each family, subfamily, and genus of birds would be exhibited, but lower 
than genera I would never descend in a public exhibition. The student of species should find his material in 
the 'study' series ..... and there each species should be amply illustrated by actual specimens showing the 
plumage of both sexes at all times of the year, young birds in all stages, moulting individuals, and a full 
series exhibiting geographical distribution and variation in the species, even if it requires a series of specimens. 
The days have gone by where the description of new species was the be-all and end-all of an ornithologist's 
hopes. The warfare over priority of nomenclature is fast showing signs of waning .... It is time, however, 
that by some such means as an International Congress of Ornithologists the names of the species of birds 
were settled once and for all, in order that we may turn our attention to the far more important facts of 
geographical distribution and life history of species. We are approaching a time then the study of rainfall 
and climate, of altitude and locality, and even the conditions of weather under which a specimen was procured, 
will be considered indispensable for the minute study which is to be our portion in the not very distant 
future." (Doubtless Dr. Sharpe is not unaware that these important factors have already received much 
attention in some quarters, having been uppermost in the minds of many American students for the last two 
decades at least.)"--J. A. Alien. 

*A Review of Recent Attempts to Classify Birds; an Address delivered before the Second International 
Ornithological Congress on the 18th of May, 1891. By R. Bowdler Sharpe, LL.D., F.L.S., etc. (Zoological 
Department British Museum.) Budapest, 1891. (Published at the Office of the Congress.) Roy. 8vo. pp. 90, pll. 
xii. 


