
synthesis. Eventually, it should be possible to classify
water type in terms of the depth of the euphotic zone,
and the quantity and quality of light as a function of
depth. This classification would permit the develop-
ment of mathematical models for simulating the
radiation environment, i.e., the nature and distribu-
tion of radiation made available for photosynthesis.

Although it is necessary to know the vertical dis-
tribution of the radiation within the water, the effort
during Eltanin Cruise 51 was directed toward de-
termining the amount and quality of light made
available to the water. The approach (Franceschini,
1971) employed two similar sets of four hemispheric
sensors (Eppley precision spectroradiometers) to
measure continuously the radiation fluxes, in four
wavebands (280-500, 500-630, 630-700, 700-2800
nanometers), a short distance above the surface. One
set measured the downwelling stream; the other, the
upwelling flux, which consisted of surface-reflected
radiation as well as losses due to internal backscat-
tering by the water. Differences in quantities mea-
sured by corresponding instruments of each set per-
mit determination of the net energy made available
to the biosphere in each spectral band. Simultaneous
monitoring also permits study of the influence of
clouds, surface condition, solar altitude, and atmo-
spheric water vapor. The latter quantity was ob-
tained from radiosonde observations made by the
expert Australian team, Dingle and Scott.

Results of measurements of the downwelling radi-
ation show a percentage (percent of total) increase
in the blue component and a decrease in the red and
infrared with increasing solar altitude. A percentage
decrease in the infrared was associated with over-
cast stratocumulus clouds. When compared to the
incident flux, the upwelling radiation was found to
be richer in the visible bands but poorer in the infra-
red. This phenomenon was found over ice-free as
well as ice-covered water. The ratio of upwelling to
downwelling components decreased in each wave-
band with increasing solar altitude. However, the
ratio was smaller for the longer wavelength bands.
Sea ice appreciably increased the reflectivity in all
bands, but more so in the blue. Hence the quality of
the energy made available for photosynthesis differs
from that of the incident light.

Preliminary efforts to measure subsurface fluxes
were aimed at determining the depth of the euphotic
zone, i.e., the depth at which the light is 1 percent
of that at the surface. In the future, attempts will
be made to measure the spectral distribution of the
upwelling and downwelling radiation as a function
of depth within the water.

This effort was sponsored under National Science
Foundation grant GV-24968. Field assistant in the
program was Mr. David Brunson.
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Physiology of antarctic zooplankton
with special reference to crustaceans

M. A. MCWHINNIE and R. J . KIRCHENBERG
Department of Biological Sciences

De Paul University

During Eltanin Cruise 51 respirometric study of
pelagic invertebrates in south circumpolar waters
was continued. Species studied included crustacean
euphausiids Euphausia superba, E. crystallorophias,
and E. triacantha; amphipods Parathemisto gaudi-
chaudii and Phronirna sp., the copepod Calanoides
acutus, the chaetognath Eukrohnia sp., and tunicates
Salpa sp. and Pyrosoma sp. Euphausia superba was
found consistently at stations 7 to 13 while E. crystal-
lorophias was collected from stations 10 to 19.
Swarming by krill was not observed during the cruise,
but a dense patch of unidentified decapod larvae was
encountered at the surface on station 12. E. crystal-
lorophias appeared to be at all depths to 400 meters
along the Ross Ice Shelf with a possible tendency to
concentrate at the 300-meter depth.

Collections were usually made with a 1-meter
plankton net (mesh 200 micrometers) set in the
deep-scattering layer. Animals were studied as soon
as possible after collection; they were transferred
immediately to sea water at +1°c. , and respiration
was measured at that temperature. A Gilson dif-
ferential respirometer, equipped with reaction flasks
selected to accommodate animals of various sizes,
was used to measure respiration rates under con-
ditions as close to normal as possible. Oxygen con-
sumption values for most animals were generally
equivalent to those obtained during Eltanin Cruise
46 in the southern Indian Ocean. More than 400
animals were measured; data are expressed as micro-
liters of oxygen per milligram protein per hour. Cor-
relating results with other marine biological studies,
these values when converted ranged from 1 to 4
milligram atoms of oxygen per gram protein per day.
The estimated energy expenditure for maintenance
of zooplanktonic animals, derived from respiration
data, ranges from 2 to 9 gram-calories per gram pro-
tein per hour.

Soluble nutrient utilization by various members of
this ecological community continues to be studied.
We have previously reported that antarctic amphi-
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pods, studied in the Pacific sector during Eltanin
Cruises 17-19, utilize soluble nutrient (McWhinnie
and Johanneck, 1966) as do a number of species
studied in the Indian Ocean sector during Eltanin
Cruise 46 (McWhinnie and Urbanski, 1971).
Through study of more than 300 individual animals
belonging to the groups noted above, the data ob-
tained during Eltanin Cruise 51 support earlier in-
terpretations concerning a direct route of absorption
of soluble organic componds by zooplankton includ-
ing crustaceans. Treatment with antibiotic does not
decrease the amount of carbon-14 amino acid in-
corporated into the ethanol-insoluble fraction, or the
whole, of animal homogenates. Present indications
are that uptake occurs in increasing amounts in a
sequence as follows: Calanoides acutus, euphausiids
(three species), Parat hem isto gau dichau dii, P/i ronima
sp., Salpa sp.; uptake by saips is many orders of
magnitude greater than that of other species studied.
The uptake of leucine by crustaceans is the same or
greater than that reported for glycine by the tem-
perate brittle star Ophiactis arenosa (Stephens and
Virkar, 1966) and polychaete annelids (Southward
and Southward, 1972). The energy provided by this
route in metabolism of antarctic fauna will be de-
termined and will contribute to quantitative esti-
mations of energy transfer.

Zooplankton density was estimated by collecting
samples with quantitative closing "bongo" nets of 303-
micrometer mesh (McGowan and Brown, 1966) and
free-fall closing nets of 200-micrometer mesh (WP.,
net, UNESCO). Approximately 50 samples were col-
lected principally from the Ross Sea stations (9 to
19), and 77 measurements of respiration were made.
The respiration values for microzooplankton (same
as "net" plankton) ranged principally from 0.132 to
0.629 with a majority at 0.3 to 0.5 but a few values
as high as 1.167 microliters of oxygen per milligram
(dry weight) per hour. Biomass samples collected
with free-fall nets ranged from 1.67 to approximately
67 milligrams (dry weight) per cubic meter. Thus,
final respiration rates may be expected to range
from 1.0 to 43 microliters of oxygen per cubic meter
per hour. Converting to other units, an intermediate
value within this range would be about 0.054 milli-
gram-atoms of oxygen per cubic meter per day. This
value is considerably below a number of values re-
ported for ultraplankton concentrated from the upper
500 meters of western Atlantic and eastern Pacific
water (Pomeroy and Johannes, 1968). These sam-
ples will be analyzed further with microcalorimetry.
Energy requirements for maintenance and energy
content of these trophic levels should further clarify
the metabolic dynamics of the antarctic marine eco-
system.

The studies on this cruise could not have been so
comprehensive without the efficiency and assistance
of Christine A. Kirchenberg and Joseph E. Schwarz,
to whom our gratitude is extended. Financial sup-
port for this study was under National Science
Foundation grant GV-27109.
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Marine phycomycetes:
occurrence south of New Zealand

and in the Ross Sea
GfiNTHER BAHNWEG and FREDERICK K. SPARROW, JR.

Department of Botany
University of Michigan

During USNS Eltanin Cruise 51 (McWhinnie,
1972) the occurrence and distribution of marine
fungi south of New Zealand and in the Ross Sea
were studied. Primary emphasis was given marine
phycomycetes, although the occurrence of yeasts and
filamentous higher fungi (molds) also was recorded.
However, no attempt was made to identify the latter
or to maintain cultures for further study.

Fungi were recovered primarily from water sam-
ples collected at 17 stations by membrane and glass-
fiber filter techniques. In addition to water samples,
bottom sediment, floating algae (kelp), phytoplank-
ton, and zooplankton collected at selected stations
were examined for saprophytic fungi.

The phycomycetes collected during the cruise are
currently being studied at the University of Michigan
in Ann Arbor.

Preliminary results indicate that "molds" are
rather infrequent in oceanic waters, a finding that
correlates well with the results obtained during
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