
75

.2 50
0

0.
0a-
0
o 25

F3	F4	F5	F6	JUV
Developmental Stages

Figure 2. Stage composition of larval Euphausia superba in June
and August 1988. F denotes furcilia. Juv denotes juvenile.

than 90 percent of E. superba collected had been feeding. Ex-
amination of gut contents revealed an omnivorous feeding
behavior for adults, and at least some ingestion of furcilia
occurred. Larvae, collected from ice floes where chlorophyll
concentrations were an order of magnitude higher than in the
water column (Lizotte et al., Antarctic Journal, this issue), had
almost black-colored guts.

From three seasonal investigations, it is clear that the mar-
ginal ice zone is an important habitat for E. superba. The pack
ice serves as a nursery ground for larval and juvenile krill and
offers protection from predators during spring, fall, and win-
ter. Adult krill graze on spring and fall ice-edge blooms and
during winter may feed on the undersurfaces of ice floes or
on phytoplankton concentrated and released from frazil ice
during rapid freezing and thawing events.

We thank Kathleen Newell and Karen Light for their assis-
tance at sea. This research was supported by National Science
Foundation grant DPP 84-20215.
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AMERIEZ 1988: Biological
oceanography of apex

predators in the Weddell-Scotia
Confluence, winter 1988

D.C. AINLEY, W.R. FIAsER, and C.A. RIBIc

Marine Studies Program
Point Reyes Bird Observatory

Stinson Beach, California 94970

During both legs of the AMERIEZ winter cruise, we assessed
the abundance and distribution of apex predators by con-
ducting strip censuses whenever the ship was underway dur-
ing daylight. For each census unit, we also recorded
environmental data including ice conditions. Census data were
then converted to an estimate of numbers per square kilometer
and to biomass (mass/unit area). Behavior was categorized at
the time of counting. The details of censusing can be found in
Ainley, O'Connor, and Boekelheide (1984). When the ship was

on station, we assessed the diet of seabirds by collecting spec-
imens or pumping birds' stomachs.

Diet analysis indicated a similar diet by all species. The most
important prey were lanternfish (Myctophidae), which rise to
the surface during night. Of secondary importance were ant-
arctic krill and pelagic amphipods. Fish eaten by birds had
themselves fed mostly on krill. This indicates that birds were
likely selecting fish over krill (fish have a higher caloric value).

Census results indicated a close correspondence between
both pinnipeds and birds, and in turn the close correspondence
of these organisms with the presence of pack ice (figure). This
attraction of predators to the ice was even more pronounced
than during previous AMERJEZ cruises in spring 1983 and
autumn 1986. The pattern, however, is consistent with infor-
mation from other AMERIEZ investigators, who learned that
the major portion of primary production was occurring in the
ice and not in the water column. Thus, micronektonic organ-
isms were attracted to the surface underneath ice, and this is
where predators sought them as prey.

Again, as on previous AMERIEZ cruises, we observed two
distinctive predator assemblages, one associated with the ice
and the other with open water (see Ainley, Fraser, and Ribic
1988 for a cluster diagram). Species composition was similar
to that of spring and autumn, except that the number of species
in the open-water assemblage was reduced during winter.
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	During the winter cruise, the pack ice edge repeatedly ad-	ence of one or the other assemblage was a function of the

	

vanced and retreated 100 kilometers or more on a time scale	presence or absence of pack ice, and that both groups ate the

	

of just a few days. This offered an opportunity to gauge the	same prey when feeding within the common zone, strongly

	

relative importance of physical versus biological habitat fea-	supports an organization dependent on physical features.

	

tures in organizing species assemblages. The fact that the pres-	We wish to thank R.L. Pitman and L.B. Spear for assistance
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on the cruise. This study was supported by the crew of RIV
Polar Duke, and by grant DPP 84-19894.
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AMERIEZ 1986: Carbon-13 and
nitrogen-15 natural abundances

in southern ocean biota collected
during AMERIEZ 1986

GREG H. RAU

Institute of Marine Sciences
University of California

Santa Cruz, California 95064

This project is investigating stable isotope natural abun-
dances in the context of biogeochemistry and animal trophic
relationships in and near the Weddell Sea. It is an outgrowth
of a collaborative sampling effort during the AMERIEZ 1986
cruise (Sullivan and Ainley 1987). Stable isotope natural abun-
dance measurements have proven useful in elucidating the
sources and cycling of carbon and nitrogen in marine envi-
ronments (e.g., Owens 1987; Fry and Sherr 1989), and I am
applying this technique in a region where little previous work
has been done. Three questions are being addressed by this
research:
• Why are antarctic biota so depleted in carbon-13?
• What are the nitrogen-15 abundances in this region and their

relationship to nitrogen cycling?
• What feeding relationships are indicated by the isotopic dif-

ferences among antarctic marine consumers?
Approximately 300 isotope analyses have thus far been con-

ducted, with most of these measurements made on the par-
ticulate organic material filtered from seawater. There are
currently three complete data sets representing particulate or-
ganic material samples from Drake Passage/Scotia Sea, Wed-
deli Sea surface water, and Weddell Sea subsurface water.
Several interesting observations have thus far emerged from
this data. For example, carbon-13 depletion is again evident
in these samples as had been originally discovered in the
southern ocean more than 25 years ago (Sackett et al. 1965).
The detailed sampling conducted in 1986, however, shows the
transition from "normal" to "depleted" carbon-13 in the Drake
Passage is remarkably gradual despite the abrupt transition in
surface water chemistry and biology associated with the Ant-
arctic Convergence (figure 1). A very significant positive cor-
relation between particulate organic material carbon-13/carbon-
12 and water temperature argues that temperature strongly
influences the particulate organic material isotope abundances
in this region. A recent paper (Rau, Takahashi, and Des Marais
1989) suggests that this temperature effect on carbon isotope

abundance acts indirectly via the influence of temperature on
carbon dioxide solubility that in turn effects the isotope frac-
tionation imparted by phytoplankton during photosynthesis.
Further research to demonstrate such an effect is planned.
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Figure 1. A. Surface water particulate organic matter (POM) isotopic
carbon-13 (6 13C) vs. latitude of sampling in Drake Passage and
Scotia Sea in transit to (north-south) and from (south-north) the
Weddell Sea during AMERIEZ 1986. "6 C-13" (= 6 13C) refers to
the parts per thousand (%) difference between the carbon-13/car-
bon-12 of a sample and that of the PDB carbonate standard. The
analytical precision of these measurements is <0.2 %. Less neg-
ative (increasing) values correspond to increasing carbon-13/car-
bon-1 2. B and C. Temperature and chemistry parameters measured
by Sievers and Nowlin (1984) across the Drake Passage at the
latitudes indicated. (uM denotes micromolar.)
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