
and cell division. The photosynthesis vs. irradiance rela-
tionship for the phytoplankton assemblage is shown in the
figure, part A. The rate of carbon uptake for a sample collected
from 15 meters at the ice edge saturated at approximately 75
microEinsteins per square meter per second with no pho-
toinhibition during the approximate 6-hour incubation. The
maximum rate of carbon uptake of samples collected from 15
meters under the annual sea ice saturated at approximately 55
microEinsteins per square meter per second with significant
photoinhihition above 60 microEinsteins per square meter per
second. The photosynthesis vs. irradiance relationships of T.
scotia (figure, part B) and Fragilariopsis sp. (figure, part C) iso-
lated from the ice edge were similar. Carbon uptake saturated
approximately 350 to 400 microEinsteins per square meter per
second and was photoinhibited over 450 microEinsteins per
square meter per second. These diatoms apparently pho-
toadapted to the reduced irradiances experienced during the
transport beneath the annual ice. When isolated from under the
annual ice, carbon uptake by T. scotia saturated at approximately
45 microEinsteins per square meter per second and was moder-
ately photoinhibited above 60 microEinsteins per square meter
per second. This contrasts with the responses of Fragilario psi sp.
where carbon uptake saturated at approximately 325 microEin-
stems per square meter per second followed by a rapid onset of
photoinhibition.

The slope of the light-limited region of the photosynthesis vs.
irradiance relationship was greater for the diatoms isolated from
under the annual ice (i.e., low-light adapted) compared to the
ice edge (i.e., high-light adapted). This was not unexpected and
suggests that these algae used low irradiances more efficiently
(Prezelin 1981). The higher photosynthetic capacities for the
low-light adapted diatoms was unexpected. Studies of the spe-
cies-specific photoadaptations of phytoplankton from coastal
and offshore temperate regions has not heretofore shown this
pattern.

The results of this study serve to emphasize the differences in
photoadaptations among species and between species-specific
and community responses. Our continuing studies will exam-
ine the coupling between photoadaptations of photosynthesis,
carbon metabolism, and cell division. By measuring these adap-
tations for individual species in situ, it may be possible to under-
stand the factors which regulate physiological adaptations,
growth, and succession of phytoplankton in the sea.

This research was supported by National Science Foundation
grant DPP 83-14607.
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Trophic position of benthic rhizopods	microflora as bacteriovores and herbivores and on the micro-
and meiofauna as predators is unknown. Their importance as a

	

in McMurdo Sound	 food source to higher trophic levels, especially small species
and developmental stages of larger organisms may be signifi-
cant. Research conducted in the Antarctic during the 1984 -
1985 austral summer was in response to a clear need to develop
a better understanding of this diverse and abundant order.

T.E. DELAcA

	

	 The board objectives of the research program carried out both
in the Antarctic and in the United States are (1) the examination

	

Scripps institution of Oceanography	 of the distribtuion, ecology, and physiology of important ant-

	

University of California-San Diego	 arctic benthic rhizopods and (2) the evaluation of the roles and
Lajolla, California 92093 significance of benthic rhizopods in the energy flux through

benthic communities. These investigations were accomplished
by assessing the range and concentration of food available in
microhabitats inhabited by rhizopods and by measuring the
ability of a selected suite of rhizopod species to use those food

Benthic rhizopods may be an important component in energy	resources under laboratory conditions. The resulting feeding
transfer in the benthic food webs of McMurdo Sound. They	studies focused on the direct uptake of dissolved organic mate-
represent large standing stocks and biomasses and are capable	rial (D0M) (amino acids, carbohydrates, and lipids) and the
df rapid growth using a variety of food sources. Their impact on	consumption of small particulate organic carbon (0.2 to 50 mi-
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crometers) including bacteria, unicellular algae, and pro-
tozoans. Predation on small metazoans (up to 10 millimeters)
was also investigated. Ten species of benthic rhizopods were
studied including eight foraminifera, a xenophyophorian, and
Gromia oviformis (Testacida).

These investigations have shown significant differences in
both the spectrum of food taken (size and composition) and the
rates of uptake by the benthic rhizopods examined (see the
figure for an example). While these investigations indicate that
some foraminifera are restricted to the consumption of small
particulates (bacteria, diatoms, and DOM), other species have
wider ranging diets.

Detailed studies were conducted on the foraminifer Astram-
mina rara, a large (up to 11-millimeter maximum dimension),
agglutinated species found in abundances of up to 1,800 indi-
viduals per square meter on both sides of the sound. This

species was found to consume all small particulates presented
including six species of bacteria and four species of diatoms at
typical environmental concentrations. It was also found to use
free amino acids at concentrations available in the sediment and
to kill and devour the larvae, juveniles, and adults of small
metazoan species commonly co-occuring with this species. The
list of metazoan prey taken by A. rara includes eleven species of
crustaceans, three species of molluscs, and four species of echi-
noderms. Polychaetes and nematodes were also consumed.
Some of the prey were up to six times larger than the for-
aminifera that captured them. Investigations in progress con-
centrate on methods of prey capture and digestion.

Field personnel including T.E. DeLaca, W.L. Stockton, and
J.M. Bernhard began studies adjacent to McMurdo Station dur-
ing winter fly-in (late August) and continued at New Harbor
and other study sites along the western side of the sound
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Variation In the rates of uptake of algal protein hydrolysate (Amersham Corp., Product CFB.25) and glucose between six species of foraminifera,
a testacean, and a xenophyophorlan. Experiments were conducted at 0°C in seawater. Amino acid concentration is 10 micrometers, glucose is
10 micrometers, and bacteria (1 x 4 micrometers Gram negative rods) is 106 per milliliter. All values extrapolated to micrograms of uptake per
gram of protoplasm per hour (DeLaca in press). Biomass estimates used to normalize data were made from adenosine triphosphate
measurements. ("ig/g/hr" denotes "micrograms per gram per hour?')

148	 ANTARCTIC JOURNAL



through the end of January. S.S. Bowser, K.A. Miller, and J.C.
Valencic joined the project during the austral summer. This
research was supported by National Science Foundation grant
DPP 83-05475.
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Biomass, distribution, and
trophodynamics of Salpa thompsoni

in the Scotia Sea
near the Antarctic Peninsula,
austral summer 1983 - 1984

M.E. HUNTLEY, P. SYKES, R. ROHAN, and V. MARIN

Scripps Institution of Oceanography, A-002
La Jolla, California 92093

The salp, Salpa thorn psoni, was a dominant component of the
zooplankton of the Scotia Sea/Antarctic Peninsula region in the
1983-1984 field season. We studied the biometry, biomass, dis-
tribution, feeding behavior, and trophic impact of this species
on two 6-week segments of the Protea Expedition (leg 4,
November and December 1983, and leg 6, February and March
1984), during which we made almost 200 plankton tows and
conducted several dozen feeding experiments using natural
particulate matter.

Both sexual and asexual forms occurred in the samples. The
sexual form was dominant, comprising more than 91 percent of
salps at every station. The size range of the sexual form, mea-
sured from oral to aboral apertures, was 5 to 70 millimeters.
Unimodal and bimodal size-frequency distributions were
found. In the latter, a high proportion of 5- to 10- millimeter
individuals accounted for the small peak.

Wet, dry, and ash-free weights of frozen individuals of the
sexual form were measured in the laboratory. In the size range 5
to 60 millimeters, the proportion of water (95.0 ± 1.3 percent)
and organic matter (1.25 ± 0.3 percent) were independent of
size. Regression analysis of the relationship between length and
weight showed that ash-free dry weight is proportional to the
square of the length (r2 = 0.93). This suggests that the mass of
the salp is concentrated in its surface area and not in its volume,
as is the case in most other zooplankton (Omori and Ikeda
184).

Feeding rates of sexual individuals were measured in 6- to 24-
hur experiments in which they were suspended in natural
pa ticulate matter contained in 10-liter carboys and rotated at 1
re olution per minute on a grazing wheel at 1°C; the rate of
di appearance of particulates calculated from chlorophyll mea-
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surements (Adams and Steele 1966). Clearance rate, F (in milli-
meters per salp per hour), was related to body dry weight, W (in
milligrams), by the power function: F = 2.27 W° 79 with regres-
sion coefficient of 0.51. This relationship agrees well with clear-
ance rates of boreal zooplankton predicted by the model of
Huntley and Boyd (1984). The clear implication is that, per unit
body weight, Salpa thorn psoni does not have inordinately higher
grazing rates than other boreal zooplankton.

We used the equation above, along with data on the biomass
and distribution, to calculate the trophic impact of salps on
primary production in the Scotia Sea/Antarctic Peninsula re-
gion. These data are summarized in the table and are compared
to similar calculations for Euphausia superba, based on biomass
data from the 1980 - 1981 field season (Brinton and Antezana
1984) and on the projected feeding rates of krill following Holm-
Hansen and Huntley (1984). We asked the following questions.
• What fraction of the primary production was consumed by

the average salp and krill biomasses?
• What fraction of the primary production was consumed by

the maximum salp and krill biomasses?
• Was the consumption of particulates by salps greater than

that by krill?
We calculated consumption rates of these populations by four

independent methods: (1) clearance rate, using the methods
described above; (2) respiration rate, based on the data of Ikeda
(1974); (3) maximum ingestion rate; and (4) maximum growth
rate. Both latter estimates were based on equations given by
Huntley and Boyd (1984). These values were then compared to
the primary production values for the Scotia Sea region given by
Holm-Hansen and Huntley (1984).

Using the results shown in the table, we can draw the follow-
ing conclusions. First, in terms of wet weight biomass, salps
were one order of magnitude more abundant than krill, but in
terms of carbon biomass the reverse was true. Second, the
average salp and krill biomasses appear to consume no more
than 10 percent, and perhaps as little as 1 percent, of the
primary production. Third, only the maximal krill biomass (i.e.,
the "superswarm" of 1981) might have been capable of cropping
the average primary production; even the maximal salp bio-
mass appears not to have been capable of this. Finally, con-
sumption by salps appears to be less than that by krill; prelimin-
ary data collected by Edward Brinton indicate that the
biomasses of dispersed krill in the study region in 1981 and 1984
were approximately equal. Thus, we conclude that in 1984 salps
probably did not effectively compete with krill for food
resources.

This research was supported by National Science Foundation
grant DPP 82-19147 to Mark Huntley and Edward Brinton.
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