
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
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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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Figure 2. Surface water particulate organic material (POM) isotopic nitrogen-15 (8 15N) vs. ammonium (A) or nitrate + nitrite (B) concentrations
in the Weddell Sea during AMERIEZ 1986. "8 N-15" ( l 15 N) refers to the parts per thousand (%) difference between the nitrogen-15/
nitrogen-14 of a sample and that of air N 2. The analytical precision of these measurements is <0.2 %. Less negative or increasing values
correspond to increasing nitrogen-15/nitrogen-14. Nutrient concentrations from Nelson et al. (1989). (umoles denotes micromoles per liter.)

With regard to particulate organic material nitrogen-15 abun-
dances, it would appear that ammonium is an important ni-
trogen source for particulate nitrogen formation in this region.
This is borne out by the significant logarithmic relationship
between particulate organic material isotopic nitrogen-15 and
ammonium concentration (figure 2a), a relationship expected
if ammonium uptake was important for particulate organic
matter production and if such production occurring under con-
ditions of partially restricted ammonium availability relative to
demand. In contrast, no significant relationship is evident be-
tween particulate organic material isotopic nitrogen-15 and ni-
trate (plus nitrite) concentration (figure 2b). These observations
appear to confirm the importance of ammonium in antarctic
marine primary production as indicated by previous research
(e.g., Glihert, Biggs, and McCarthy 1982; Koike et al. 1986).

In addition to particulate organic material, some 300 addi-
tional samples of zooplankton, Euphausids, fish, birds, and
seals have been analyzed. Isotope abundances in these organ-
isms are being used to identify food sources and trophic re-
lationships. Collection of these samples was made possible
through collaboration with the following AMERIEZ 1986 par-
ticipants: Neal Sullivan, Dave Ainley, Bill Frazer, Tom Hop-
kins, Jose Torres, and John Bengston. I would also like to
acknowledge the helpful laboratory assistance of Anne Tharpe.
The analytical portion of this project commenced in June of
1988 and is being funded by National Science Foundation grant
DPP 86-13981.
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