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penguin Biogeography along 
the West antarctic peninsula

testing the canyon hypothesis with palmer lter Observations
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The West Antarctic Peninsula (WAP) is 
home to large breeding colonies of the 
ice-dependent Antarctic Adélie penguin 
(Pygoscelis adeliae). Although the entire 
inner continental shelf is highly pro-
ductive, with abundant phytoplankton 
and krill populations, penguin colonies 
are distributed heterogeneously along 
the WAP (Ducklow et al., 2013, in this 
issue). This ecological conundrum tar-
gets a long-standing question of interest: 
what environmental factors structure the 
locations of Adélie penguin “hot spots” 
throughout the WAP?

Penguin colonies appear to be located 
in association with deep submarine 
canyons that are found all along the 
continental shelf of the WAP (Figure 1). 
These deep troughs extend from the 
shelf break to the land margin. Marine 
canyons are hypothesized to provide a 
cross-shelf conduit for warm (> 1° C), 
modified, Upper Circumpolar Deep 
Water to the coast. This water mass is 
the primary heat source within the WAP, 
and the observed warming of Upper 
Circumpolar Deep Water (Martinson 

et al., 2008) is driving regional atmo-
spheric warming (Ducklow et al., 2012) 
and the observed declines in sea ice in 
this region (Stammerjohn et al., 2008). 
In the past, when annual and perennial 
sea ice dominated these coastal waters, 
canyons were hypothesized to drive the 
recurrent formation of polynyas (areas of 
open water surrounded by sea ice) that 
provided penguins year-round access to 
open-water foraging areas. Proximity of 
reliable foraging areas to breeding colo-
nies is important given the energy costs 
for breeding parents needing to travel 
to forage and return to provision and 
protect chicks. 

Close association of major WAP 
penguin colonies with marine canyons 
led to a long-standing hypothesis that 
unique physical and biological processes 
induced by these canyons produce 
regions of enhanced prey availability 
that are predictable over ecological time 
scales (decades to centuries). Linking 
the regional physical and ecological 
dynamics to test the “canyon” hypothesis 
has in the past been restricted by harsh 

environmental conditions that limit 
Zodiac and ship sampling. However, the 
Palmer Long Term Ecological Research 
(LTER) network recently expanded its 
observational efforts by incorporating 
autonomous underwater sampling and 
satellite tagging of penguins to increase 
sampling capabilities at two large Adélie 
penguin colonies along the WAP. 

Anvers Island is a focal site of Palmer 
LTER efforts (Figure 1). Here, Palmer 
Deep is a cross-shelf canyon bathymetri-
cally similar to others in the WAP that 
are also associated with large penguin 
populations. Satellite-tagged Adélie pen-
guins breeding at Anvers Island appear 
to forage exclusively within Palmer 
Deep. A majority of Adélie foraging 
activity is centered over the canyon edge 
where the bathymetry rapidly shoals, 
and around which the spatial variability 
in foraging is strongly influenced by 
tides (Oliver et al., 2013). These foraging 
patterns were used to guide sampling 
of physical and biological properties 
using autonomous Webb Slocum glid-
ers. Gliders revealed the uplift of warm 
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deep water along the slope of the can-
yon (Figure 1B), a hydrographic feature 
associated with enhanced concentrations 
of phytoplankton. Furthermore, glider-
based measurements of phytoplankton 
health using a bio-optical measure, 
Fv/Fm, the quantum yield for photosys-
tem II activity (Falkowski and Raven, 
2007), indicated algal cells at the canyon 
edge were the healthiest in the region. 
Net tows and acoustic survey data indi-
cate the presence of abundant krill near 
the canyon slope.

A second major Adélie breeding 

colony is located on Avian Island in 
Marguerite Bay (Figure 1), where chlo-
rophyll and krill concentrations are 
high. Based on available satellite tag 
data, penguin foraging is concentrated 
on the southern flank of Avian Island 
(Figure 1C). This region is located near 
the seafloor canyon at the mouth of 
Marguerite Bay, where gliders revealed 
shoaling of warm bottom water. In con-
trast, on the inner reaches of Marguerite 
Bay by Rothera Base, gliders revealed 
high chlorophyll but no shoaling of 
warm bottom water. Penguin foraging 

does not appear to be significant at the 
inshore location, further suggesting the 
importance of warm deep water for for-
aging at Adélie colonies.

As the WAP warms, it might be 
expected that conditions surround-
ing breeding colonies in the south may 
become more favorable as sea ice and 
perennial land-fast ice continues to 
decline. This situation motivated the 
Palmer LTER program to expand its 
regional sampling grid to the south. 
Charcot Island, newly accessible follow-
ing the collapse of the Wilkins Ice Shelf 

figure 1. The 1,000 km sampling domain of the palmer long term ecological research (lter) program. (a) Bathymetry of the spatial sampling domain of 
the palmer lter. Orange arrows indicate the antarctic circumpolar current and potential transport to coastal regions. arrows with question marks indicate 
hypothesized routes requiring more data. penguin breeding colonies are indicated by the paired-penguin symbols. for three of the penguin colonies (outlined in 
red), subsurface data have been collected with an effort to identify the presence of warmer deep waters of the modified circumpolar current near the penguin 
colonies. (B) Slocum glider temperature data collected offshore palmer Station and its resident penguin colonies, showing the uplift of warm water along the 
canyon. (c) glider temperature and penguin foraging data, collected by radio-tags, collected at avian island near rothera Station. The foraging locations are 
indicated by the surface purple shadow. it is associated with areas where warm water occurs at both surface and at depth. (d) two profiles of temperature mea-
sured by ship over the seafloor canyon adjacent to the penguin colony at charcot island, showing warm water at depth consistent with the presence of modified 
upper circumpolar deep Water.



Oceanography |  Vol.  26, No. 380

UNCORRECTED PROOF
in 2008, borders the southern boundary 
of the new Palmer LTER regional grid. 
During our first exploration in 2009, 
the Palmer LTER team conducted only 
the third known landing on Charcot 
Island in the last century. We discov-
ered the continued presence of a rarely 
documented breeding colony of Adélie 
penguins (Henderson, 1976). Consistent 
with our canyon hypothesis, a previously 
unmapped 800 m deep seafloor canyon 
was discovered adjacent to the penguin 
colony. Conductivity-temperature-
depth (CTD) profiles within the canyon 
revealed warm (> 1.2°C) water at depth 
(> 200 m), consistent with the pres-
ence of modified Upper Circumpolar 
Deep Water (Figure 1D). The canyon 
was first located by the presence of a 
polynya, consistent with the hypothesis 
that canyons result in predictable access 
to open water for penguin foraging. 

Shipboard measurements at the Charcot 
Island canyon revealed high concentra-
tions of phytoplankton, bacteria, and 
krill. Satellite tags confirmed penguin 
foraging near the canyon. Subsequent 
visits also confirmed the sustained pres-
ence of the Charcot penguin colony; 
however, poor-quality bathymetric data 
requires future surveying to map the link 
between the nearshore seafloor canyon 
and the outer shelf. We discovered that 
navigational charts have Charcot Island 
misplaced by 5 km in this previously 
inaccessible region.

In conclusion, major WAP Adélie 
penguin colonies appear to be located in 
close proximity to the heads of seafloor 
canyons (although the presence of sea-
floor canyons does not assume an asso-
ciation with a penguin breeding colony). 
This connection may in part reflect that 
marine canyons can provide a conduit 
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for warm Upper Circumpolar Deep 
Water near the coast. Taken together, 
these results emphasize the importance 
of geology in structuring the spatial het-
erogeneity of ecosystems. 
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