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Antarctic Mesopelagic Micronekton: Evidence from 
Seabirds That Pack Ice Affects Community Structure 

Through a multidisciplinary project (AMERIEZ), with an unusual complement of 
components, previously unknown temporal and spatial dimensions to the structure of 
Antarctic epipelagic and mesopelagic communities were revealed. In late spring, an 
abundance of crustacean species thought to occur only below 300 meters was detected 
in ice-covered surface waters, Evident in ice-free waters were the expected occurrence 
patterns of these normally nonmigratory mesopelagic organisms. Where the pack was 
consolidated and little light penetrated to depth, primary and secondary production 
was confined to ice floes, and the physical environment immediately beneath the ice 
was reminiscent of a mesopelagic one. This suite of characteristics possibly explains 
why the crustaceans resided at the surface. 

A NTARCTIC PACK ICE COVERS 10 PER- 
cent of the world ocean at its maxi- 
mal extent during early spring (1). 

Associated with the ice is a distinct biologi- 
cal community, including in-ice living algae 
and bacteria, epipelagic micro- and macro- 
zooplankton, fishes, birds, and pinnipeds (2, 
3 ) .  As the pack recedes, ultimately to be 
confined to seven major refugia by early 
summer (4 ) ,  open-water species, particularly 
those of upper trophic levels, move south- 
ward with the retreating ice edge (2 ,3) .  The 
open-water community takes advantage of 
its major phytoplankton bloom, which oc- 
curs when waters previously shielded by ice 
are exposed to the long hours of summer 
sunlight and low density meltwater imparts 
significant vertical stability to the water col- 
umn (5). 

In contrast to epipelagic species, the inf-lu- 
ence of seasonal ice cover and changing day 
length is poorly known for the deeper-living 
(100 to 1000 m) mesopelagic component of 
the Antarctic marine community. In other 

areas of the world's oceans, a substantial 
fraction of the mesopelagic fauna migrates 
from 200- to 500-m davtime d e ~ t h s  to or 
near the surface at dusk, and returns to 
depth at dawn. These organisms orient to a 
constant light level or isolurne, which moves 
up and down in the water column with the 
setting and rising sun (6). At night, vertical 
migrators can make up greater than 70 
percent of the micronektonic biomass in the 
top 100 m (7). In the Antarctic, species 
exhibiting light-oriented movement could 
have radicallv different vertical distributions 
through the austral seasons if light-mediated 
behavior is maintained throughout the year- 
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ly cycle, because diel light-dark regimes dif- 
fer markedlv between winter and summer. 
Shading o i  the ocean by pack ice could 
further complicate vertical distributions dur- 
ing periods of increasing day length, such as 
austral spring, creating a dichotomy in light 
levels between the open water and consoli- 
dated ice pack. 

As Dart of AMERTEZ. a multidis- 
ciplinary, physical-chemical-biological in- 
vestigation of the Antarctic ice edge zone 
(8), we have been investigating how the 
advance and retreat of the pack edge affects 
the pelagic ecosystem. During the austral 
spring (November) 1983, when the ice edge 
had &st begun to retreat, our stations ex- 
tended from the ice edge 200 km into the 
pack ice, reaching the consolidated condi- 
tion typical of winter, as well as from the 
edge 600 km into open waters (Fig. 1). Using 
an array of sampling techniques, not previ- 
ously combined (9), we discovered a pattern 
in the vertical stratification and movements of 
micronekton that was undescribed. 

Distinct distributional patterns existed at 
all trophic levels. Phytoplankton chlorophyll 
a and bacterial standing stocks were ex- 
tremelv low under the pack ice, maximal 
near the ice edge, and then decreased in ice- 
free waters northward (Fig. 2) (5). Salps, 
especially Salpa thompsoni, were the over- 
whelmingly dominant organism in the top 
500 m of the open water zone. Dominant 
fishes were Elec~ona antarctica, Gymnoscope- 
lus braueri (Myctophidae), and Notolepsis 
mtsi (Paralepididae) and in the lower 500 
m were Bathylajus antarcticus (Bathylagi- 
dae) and ~yc&th&e microdon (~onostomau- 
dae). There was a clear trend of increasing 
biomass and diversity in the ichthyofauna 
(10) as well as a change in the seabird fauna 
moving northward away from the pack ice 
(11). At 58"s (the Weddell-Scotia conflu- 
ence) a sham d r o ~  in fish biomass and a 

I I 

change in seabird species composition oc- 
curred. Vertical migration was the dominant 
diel distribution pattern exhibited by fish 
s~ecies (10). , , 

Amphipods and euphausiids dominated 
the crustacean catch in open waters south of 
59"s. Among these were the large gammar- 
ids CyphocaG and Parandania and the small- 
er hyperiids Vibilia and Cyllupus commonly 
associated with salps. Euphawza superba oc- 
curred in surface waters throughout the 
study area although not in the huge concen- 
trations sometimes encountered elsewhere 
(12). Representatives of the classical mid- 
water crustacean fauna (for example, Pasi- 
phaeidae, Oplophoridae, Mysidacea, Pen- 
aeidae, Ostracoda), common in boreal, tem- 
perate, and tropical regions, were not cap- 
tured with any regularity until north of 
58%. No  decapods, mysids, or ostracods 

were captured in trawls reaching less than 
310 m anywhere in the open-water tran- 
sects, day or night. 

Consistent with availability, as indicated 
in the trawl data, the myctophids, E. antarc- 
tica and G. braueri, and the euphausiid, E. 
superba, were the main prey of seabirds in 
open waters (Fig. 3). Also consistent with 
trawl data, the amphipods Vzbilia and Cyllo- 
pus were most prevalent in seabird diets in 
the open waters north of 58"s. Most prey 
were captured when they moved upward 
into surface waters at "night" as part of their 
&el cycle (3) .  In the pack ice, trawls could 
not be used, but assuming that seabird diet 
still provided a comparable index, they indi- 
cated changes in the micronektonic cornmu- 
nity. In the outer reaches of the pack ice the 
above prey were consumed less regularly, 
and deep into the pack, crustacea of the 
genera Pm$haea and Eurythenes replaced 
myctophids in the seabird diet. 

The capture of an occasional pasaphaeid 
by birds in open water was unexpected 
because Pdriphaea longtj-pina had not been 
captured in trawls shallower than 310 m, 
and the birds sampled dive no deeper than 5 
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Fig. 1. Positions and pattern of oceanographic 
stations occupied during AMERIEZ, November 
1983. Dotted line indicates Scotifleddell Con- 
fluence, dashed line indicates pack ice edge, and 
shading delimits heavy ice and "winter" condi- 
tions. 

m (3) .  An even greater surprise was the 
dominance of P, lon&ina among prey of 
the few seabird species that frequented the 
consolidated pack, principally snow and 
Antarctic ~etrels, The fact that two other 
deep-water forms, the large amphipod Eur- 
ythenesgryllus and the ostracod G ~ a n t o w  
mulleri, were also eaten by these pack ice 
seabirds confirmed that an upward, seasonal 
displacement of mesopelagic crustacea had 
occurred. In open water these crustacea 
behaved according to expectations: they re- 
mained at depth and &d not exhibit a diel 
vertical migration. 

During daylight within the pack, after the 
overturning of a small iceberg, we noted 
several live P. longispina inhabiting channels 
in what had been the berg's underside. 
Later, we noticed this organism, as well as E. 
superba, in ice channels on the underside of 
old, decaying floes on at least 20 different 
occasions. Since icebergs occurred in open 
waters, these observations provided a possi- 
ble ex~lanation for where birds to the north 
of the pack may have been finding pasa- 
phaeids. Alternatively, some birds could 
have captured them in the pack and then 
flown north, but their fresh condition in 
bird stomachs indicates that this was unlike- 
ly. Furthermore, most pasaphaeids were eat- 
en by seabirds that do not frequent ice-free 
water (9). Thus, at least one, and perhaps 
more, of the crustacean species eaten by 
seabirds is entirely mesopelagic in open wa- 
ters, and is thus unavailable to the birds, but 
within the pack ice it occurs at the surface 
(13). 

Observations of nonmigratory mesope- 
lagic fauna in surface waters are exceedingly 
rare and have usually been reported as 
strandings in regions of strong upwelling 
(14). A similar explanation is not possible 
here, because data on salinity and tempera- 
ture as a fimction of depth showed the 
deepest mixed layer to be 130 m (1.5). Thus, 
we must conclude that the presence of these 
organisms at the surface was behaviorally 
mediated. 

Our understanding of communities be- 
neath ice-covered seas is limited bv difficul- 
ties with wintertime and under-ice sarn- 
pling. Nevertheless, the surface residence of 
the three mesopelagic organisms is enigmat- 
ic. Because most of the non-krill zooplank- 
ton biomass reportedly sinks below 500 m 
to overwinter (16), it seems possible that a 
fertile feeding ground would exist within 
the species' normal (300 to 1000 m) depth 
range. 

A likely explanation for these species' 
oresence at the surface in ice-covered but 
I 

not ice-free water is the combination of 
factors present during the austral spring and 
observed during AMERTEZ. For the pack 
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ice zone, temperature variability was less 
than 3.0°C in the top 1000 m (15). In 
waters free of ice, primary production ex- 
tended to a depth of about 100 m (0.1 
percent of surface light) as part of the ice- 
edge bloom (5), but as we moved into more 
concentrated ice, phytoplankton chlorophyll 
a became increasingly restricted to the sur- 
face until it was confined to the ice itself 
with extremely low concentrations in the 

waters beneath. Thus, the most important 
cues associated with vertical movement in 
the oceanic water column were severely 
damped or absent in the consolidated ice 
pack, and significant productivity occurred 
only within the ice. As a consequence, the 
environment near to  the ice was strongly 
reminiscent of the mesopelagic one, perhaps 
encouraging P. 1ong.ispina and other species 
to reside at the surface. 

Pack ice 

Latitude (degrees) 
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Fig. 2. Chlorophyll a (top) and 
bacterial biomass (bottom) inte- 
grated through the upper 150 m of 
the water column; data from sta- 
tions along western edge of 
AMERIEZ study area: Melville sta- 
tions 33-43 and Westwind stations 
15-24 (see Fig. 1). 

Fig. 3. Frequency of occurrence of 
major prey items in diets of sea- 
birds, by longitude (sample sizes at 
top). Dashed vertical line at 58"301 
indicates Scotifleddell  Conflu- 
ence, dashed line at 60°30' indi- 
cates northern edge of pack ice, and 
line at 60"45' indicates boundary of 
consolidated pack. 
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