
especially E. superba, more efficiently than slower nets. The
Miller net was towed at 7 knots while the Bongo net was towed at
1.5 knots.

Using the expendable bathythermograph (xBT) system of R/V
Polar Duke, a high-resolution sampling program was conducted
to identify a recurrent and undersampled feature of Bransfield
Strait: the front between Bellingshausen Sea water and
Bransfield Strait waters. XBT's were launched approximately
every 6 miles, and the survey was completed in 18 hours. The
distribution of temperature at 150 meters (figure) shows the
presence of a convoluted frontal zone which has not been
shown with this degree of resolution in the past. The main
reason for the absence of this frontal zone in other records of the
area (e.g., Sievers 1982) is that classical antarctic expeditions
have taken just a few widely separated profiles in the area
covered by our survey; we based ours on 37 profiles. Chlo-
rophyll data obtained during this survey were basically similar
to chlorophyll patterns described by Uribe (1982) and suggest
that the physical oceanographic conditions associated with this

frontal zone may be important for enhanced biological produc-
tion in Bransfield Strait.

Field work was carried out by Victor and Carlos Mann during
the period 6 to 15 April 1985. This research was supported by
National Science Foundation grant DPP 83-18465.
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Vertical distributions and abundances
of zooplankton in the vicinity of

Elephant Island
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During February and March 1984, we made a cruise from
Capetown, South Africa, to Punta Arenas, Chile, covering the
area from South Georgia to Elephant Island and the Bransfield
Strait. Our program was structured around large krill patches
and included physical, chemical, acoustic, and towed-net ob-
servations. This report covers only the latter.

We used a 1-square meter MOCNESS (multiple opening/closing
net and environmental sensing system) (Wiebe et al. 1976)
equipped with a conductivity-temperature-depth (cTD) system
and a flowmeter. The mesh size was 0.333 millimeter. We made
a total of 31 tows, most of which were made at a single station
north of Elephant Island over a 5-day period. Most of these tows
sampled the upper 80 meters with discrete samples collected
every 10 meters vertically while the net was descending. Sever-
al tows were taken to depths of 350 meters and one day/night
pair was taken to 200 meters with 25-meter depth resolution.
Each tow collects eight discrete samples.

Samples were preserved in 10 percent formalin and sorted
into krill and non-krill fractions. The non-krill fraction included
copepods, amphipods, and salps. The amphipods have been

analyzed elsewhere (Shulenberger work in progress), the
copepods and saips will be treated here. Our data are consid-
ered in relation to data collected in the same area in March
1981—a year in which krill, krill larvae, and copepods were in
high abundances. In 1984 our samples were dominated by the
salp, Salpa thorn psoni. Copepods were in low abundance com-
pared to 1981 (table). While all copepod species are lumped
together in this comparison, the species and their rank order of
abundance were the same in the 2 years. (Metridia gerlachei were
more numerous than Calanoides acutus, which were more nu-
merous than Calanus propinquus, which were more numerous
than Rhincalanus gigas, which were more numerous than Eu-
chaeta antarctica.) The "enrichment factor" (1981 mean abun
dance divided by 1984 mean abundance) varied from 36 to 1,11

A comparison of integrated values (quantity per square meter)
from 0 to 80 meters between 1981 and 1984 samples collected

north of Elephant Island

	

Tow	 Total cops	 Total salp$

1981

	

3	 2757	 7.4

	

5	 2590	 7.1

	

10	 11166	 0.9

	

21	 11868	 25.9

1984

	

63	 57.83	 51.7

	

64	 15.70	 63.9

	

68	 5.07	 34.7

	

71	 935	 88.7

in night samples and from 46 to 1,519 in day samples. The
differences, then, were from 1 to 3 orders of magnitude.
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The salps were sorted into five 2-centimeter size intervals. In
comparing 1984 and 1981, the differences were less spectacular
than for copepods but still quite pronounced. The "enrichment
factor" (this time 1984 divided by 1981) varied from 5 to 21 in the
night samples and from 11 to 22 in the day samples.

Ordination analyses of the combined data sets from 1981 and
1984 clearly show that 1984 was a "saip year." Our observations
are representative of a large area of the Scotia Sea based on our
own acoustic observations, those of the first and second BIO-

MASS (Biological Investigations of Marine Antarctic Systems and
Stocks) programs and recent literature reports (Heywood et al.
1985). Additional information concerning the overall program
can be found in Shulenberger (1984).

This research was supported by National Science Foundation
grant DPP 82-18890.
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Euphausia superba:
A preliminary report on three areas of

investigation

R.M. Ross, L.B. QUETIN, and M.O. AMSLER

Marine Science Institute
University of California
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During the 1984 - 1985 austral summer, we continued our
investigations on the energetics and physiology of the adults
and larvae of Euphausia superba, the antarctic krill. In this report,
we will provide some preliminary results from experiments on
field ingestion rates and fecal pellet sinking rates of adult E.
superba that were carried out on board the R/V Hero in 1984 and
the Polar Duke in 1985. We will also discuss some results from
behavioral studies on the naupliar stages of E. superba.

New determinations of the ingestion rates of E. superba from
the field are helping us understand whether krill are food-
limited in the southern oceans. Most laboratory experiments on
the ingestion and clearance rates of F. superba have suggested
that their maximum filtration rates should be about 450 milli-
liters per animal per hour and vary with the size of the food
particle (Boyd, Heyraud, and Boyd 1984; Quetin and Ross 1984).
These studies assume that during the summer E. superba is
primarily an herbivore. At the chlorophyll concentrations usu-
ally quoted as typical in the southern oceans (0.1 to 1.0 micro-
grams chlorophyll a per liter in the summer), the suggested
maximum filtration rate of krill can satisfy only their basic ener-
gy requirements, with no surplus energy for either growth or
reproduction. During 1985, we developed a technique to meas-
ure the ingestion rates of krill in the field. We also determined
the vertical profile of chlorophyll a concentrations in the area
where the krill were collected. Field ingestion rates are calcu-
lated by dividing the whole body fluorescence of a krill by the
whole body clearance rate, i.e., the amount of food in the
an imal divided by the time taken to ingest that food (Dagg and
Wyman 1983). In late February ingestion rates for krill weighing

0.7 gram (wet weight) were about 5.2 micrograms of chlorophyll
a per hour. At 30 meters, where this school occurred, the chlo-
rophyll a concentration was 1.45 micrograms chlorophyll a per
liter, giving a clearance rate of 3,600 milliliters per animal per
hour. The chlorophyll a concentration at the surface was only
one third that at 30 meters, indicating the necessity of measur-
ing the food concentration where the knit occur. If the krill had
been feeding at the surface, clearance rates would have been
calculated to be over 10 liters per hour. Ingestion rates in Janu-
ary were 9 microgram chlorophyll a per hour, higher than those
in late February. Ingestion rates in late March and early April
were extremely low, about 0.01 microgram chlorophyll a per
hour.

Fecal pellets of E. superba are a potentially important energy
source to the midwater and benthic communities. We deter-
mined the sinking rates of fecal pellets from different schools of
E. superba, making it possible to estimate the flux of fecal pellets
through the midwater community. The sinking rates of fecal
pellets were measured in a cylinder 60 centimeters high sur-
rounded by a water jacket connected to a circulating water bath
to maintain a constant temperature during the experiments.
The inner diameter of the chamber was 6.4 centimeters and
chosen to minimize "wall effects" on both sinking rates and
swimming behavior of nauplii (Vogel 1981). The sinking rates of
fecal pellets and nauplii were timed through marked segments
in the middle of the column.

Fecal pellets were obtained by placing freshly caught krill in
glass jars of filtered seawater for a number of hours. A mesh
bottom in the jars separated the krill from the fecal pellets. Fecal
pellets were individually removed from the jars with a pipette
and gently released into the chamber. Usually replicate mea-
surements of the sinking rates of 10 fecal pellets from each krill
sample were made. The average sinking rates of fecal pellets
from 10 schools sampled from January to early April ranged
from 100 to 525 meters per day, rates similar to those found by
Fowler and Small (1972) for euphausiids from the Mediterra-
nean Sea. There was a distinct seasonal trend to our data. The
highest sinking rates generally occurred in February and the
lowest in late March and early April.

The influence of the physical environment on krill larvae
during their developmental ascent from 850 meters to the sur-
face may greatly affect their eventual horizontal displacement

1985 REVIEW	 153




