
Analysis of the material/data related to phytoplankton and
krill studies is still under way; preliminary results suggest the
following:

1. There was little change in the chlorophyll a content
between latitude 67S and 61°S, but north of 61°S there was a
steady chlorophyll increase which reached a maximum at
about 52°S (near the Antarctic Convergence); thereafter, it
decreased slightly.

2. The depth of the chlorophyll maximum layer usually was
located at or near the bottom of the euphotic zone (about 70
meters) and often was associated with the pycnocline. The
bulk of the phytoplankton gathered by net were Nitzschia ker-
quelensis, Corethron crio phi/urn, Rhizosolenia spp., Chaetoceros
spp., or Coscinodiscus spp. Further, species distribution
reflected the three different water masses traversed during this
cruise, namely sub-antarctic waters, the Polar Front Zone, and
antarctic waters.

3. The dissolved in vivo fluorescence accounted for 15 to 75
percent of the total in vivo fluorescence. The "correction" of in
vivo fluorescence for the dissolved fraction may prove useful
in the calibration of continuous fluorescence measurements
with particulate samples.

4. Euphausia superba was widely distributed, but a marked
degree of patchiness was evident. There was no obvious trend
in abundance either from north to south or from east to west.
Gross distribution features probably will become evident only
when our data are combined with those from adjacent areas
studied by French, Japanese, and Australian scientists.

5. The krill almost always were found in well-defined
swarms; sound-scattering layers were encountered only rarely.
Swarms were often small (less than 50 meters across) but dense.
During the day, the swarms were almost always found
between 20 and 100 meters, and they tended to concentrate
between 40 and 50 meters. There appears to be a relationship

between the maximum depth of the swarms and the vertical
extent of the well-oxygenated antarctic winter water, but this
hypothesis will have to be examined statistically before any
valid conclusion can be reached.

6. There was consistent vertical migration of krill swarm to
the surface at night. This makes nighttime acoustic records
questionable since they cannot detect surface concentrations.
On the one occasion when a surface swarm was sampled dur-
ing the day it was found to consist predominantly of juvenile
animals; this agrees with last year's findings (El-Sayed and
Hampton 1980). There appears to be little relationship between
the state of digestion of krill and the depth at which they are
caught or the local abundance of phytoplankton. In mixed
catches, the guts of juvenile and subadult animals .often were
empty while the adults showed evidence of recent feeding.

Analysis of the 1981 data should give us a better understand-
ing of the relationship between krill abundance and the con-
centrations of their food supply.
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Biochemical and ultrastructural
aspects of vision in Euphausia

superba
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An organism's visual perception of its environment is a
function of several factors, including the wavelength of max-
imum absorbance (A max) of its visual pigment (rhodopsin),
the spectral absorbance of the screening pigments, and the
morphology of the eye in which these pigments are located.
The vision of Euphausia superba is of particular interest since

it has a bearing on such behaviors as vertical migration and
swarming, which are of ecological importance to both the
species itself and to its numerous predators. My colleagues
and I have been studying the vision of E. superba. The results
reported in this article are based on work done at Palmer
Station during the 1979-80 field season (see Denys, Poleck,
and O'Leary 1980) and at Harvard University in the laboratory
of P. K. Brown during 1980.

The rhodopsin extracted in digitonin from the rhabdoms of
E. superba has a 485-nanometer A max (figure 1). Unlike the
rhodopsins of most other invertebrates, it is unstable at room
temperature and bleaches in the dark to retinal and opsin. At
10°C it is stable, and irradiation causes the formation of a
stable, photoconvertible metarhodopsin with a 495-nanometer
A max. In addition to being thermally labile, the rhodopsin of
E. superba exhibits a unique sensitivity to pH. With increas-
ingly alkaline pH, the absorbance decreases at 485 nanometers
and rises at 370 nanometers. The spectral change can be
reversed by decreasing the pH of the extract. There is no other
rhodopsin known to have this property.
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Previous studies of euphausiid visual pigments (Fisher 1967;
Fisher and Goldie 1959, 1961; Kampa 1955) had indicated that
euphausiid rhodopsins absorbed maximally at about 465
nanometers. The disparity between the 485-nanometer X max
of E. superba rhodopsm and the shorter wavelength absorb-
ance maxima reported for other euphausiid rhodopsins can be
attributed to screening pigment contamination of extracts used
in previous studies. The eyes of E. superba contain ommo-
chrome screening pigments of both ommin and xanthomma-
tin-type (Denys in press). The ommin is red (A max = 515
nanometers in digitonin, pH 6.5) and the xanthommatin-like
pigment is yellow (A max = 450 nanometers in digitonin, pH
6.5). The latter pigment is photosensitive and bleaches maxi-
mally at about 440 nanometers. It is the xanthommatin-like
pigment that contributes to erroneous determinations of rho-
dopsin absorbance maxima. When a digitonin extract of E.
superba rhodopsin containing the yellow pigment is bleached
at room temperature, the difference spectrum has a 465-nano-
meter A max like that reported for other euphausiids instead
of the 485-nanometer A max of the purified rhodopsin. The
role of xanthommatin contamination was further confirmed
by measuring the bleaching of the rhodopsin of the North
Atlantic euphausiid Megan yctiphanes norvegica in the rhab-
dom membrane by microspectrophotometry. The M. norvegica
rhodopsin has a 488-nanometer A max rather than the 465-
nanometer A max reported in earlier studies (Fisher 1967;
Fisher and Goldie 1959). Since M. norvegica and E. superba
have similar depth distributions, the similarity of their rho-
dopsins may reflect an adaptation to the prevailing wave-
lengths in their photic environment. The similarity may also
reflect an adaptation to the color of their own bioluminescence,
if the latter plays a role in intraspecific behavior.

Morphologically, the compound eye of E. superba is of the
clear-zone type usually associated with dim-light vision. In
adult animals, the clear zone between the proximal tips of the
crystalline cones and the distal ends of the rhabdoms accounts
for approximately two-thirds of the length of each ommati-
dium. In addition to the usual optical and photoreceptive
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Figure 1. Bleaching of E. superba rhodopsin in 2 percent digitonin
In 1/15 molar phosphate buffer, pH 6.5, at room temperature: 1—
initial dark spectrum; 2—final bleached spectrum in the presence
of 0.04 molar hydroxylamine.

Figure 2. Electronmicrograph of an axial section through a rhab-
dom of E. superba. ORE, distal refractive element; PRE, proximal
refractive element. Scale = 10 micrometers. (Prepared by M. Ada-
mian of Harvard University, Cambridge, Massachusetts)
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elements, the eyes of E. superba contain several unusual mor-
phological features. The distal end of the rhabdom is capped
by a conical refractive structure (DRE) (figure 2), which is con-
tinuous with a refractile axial channel complex. The complex
extends through the clear zone to the proximal tip of the crys-
talline cone. The high refractivity of these structures suggests
an optical function, as first proposed by Kampa (1965), but
their actual role has not been determined. A similar conical
refractive element (PRE) is located at the proximal end of the
rhabdom. The rhabdom itself is fused and composed of alter-
nating layers of orthogonally oriented microvilli contributed
by the seven retinula cells of each ommatidium. This kind of
rhabdom structure has been associated with polarized light
sensitivity in other crustaceans (Waterman 1981) and may have
such a function in E. superba as well.

This work was supported by National Science Foundation
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M. Boyd of Dalhousie University, Halifax, Nova Scotia, pro-
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Euphausiid larval distribution in the
Scotia Sea, 1979-1980

larvae of these two species in samples from the western Scotia
Sea. Furthermore, various furcilia stages (figure 2) of the
euphausiid E. triacantha appear to show a significant abun-
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The rich material of euphausiid larvae from the 1979 Islas
Orcadas cruise in the Scotia Sea (1 March to 5 April) provided
the impetus for a careful analysis of the pattern of distribution
of larvae during the antarctic austral summer. Special effort
was made during the 1980-81 season to examine and identify
the euphausiid larvae in four locations in the western and
eastern sectors of the Scotia Sea (figure 1). Another objective
was to compare the euphausiid larval distribution north and
south of the Antarctic Convergence northwest of South Geor-
gia Island.

The samples were obtained at discrete depths down to 1,000
meters with the use of the Reeve plankton sampler containing
a 5-gallon cod-end capsule. The procedure followed—captur-
ing the larvae alive and then fixing them for taxonomic iden-
tifications—permitted healthy recovery of the minute
euphausiid larval forms (1-11 millimeters in length) without
any morphological mutilations.

The study revealed the dominance of calyptopis and furcilia
stages of Thysanoessa sp. in the western sector of the Scotia
Sea, which also contained furcilia larvae of Euphausia frigida.
Advanced furcilia larvae of these two euphausiid species also
were encountered in the eastern sector of the Scotia Sea. We
presume that these two species tend to breed in the Scotia Sea.
However, the larval abundance of the Thysanoessa sp. is several
orders of magnitude greater than that of E. frigida.

In the eastern Scotia Sea, larval forms of two other antarctic
euphausiid species, E. spinifera and E. triacantha, were found
in appreciable numbers. It is of interest that there were no
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Figure 1. Area map showing the four sampling stations in the
Scotia Sea.

50*W

1981 REVIEW	 141




