
and bacteria occur in relatively low numbers in Lake
Bonney, based on spread plate counts, but their num-
bers and species increase dramatically in the east lobe
during glacial melt stream inflow. Our data document
that many of the bacteria, the yeasts, and the algae
appearing seasonally in the lake during melt stream
inflow essentially are tychoplankton (they are washed
into the lake and constitute onl y transient residents).

Bent hic mat. Large quantities of mat, both at-
tached and floating, were collected during 1973-1974.
Studies were begun to identify some major structural
and compositional features of the mats. Mats measure
up to 5 centimeters in thickness and are commonly
yellow-orange on the top grading to deep green below
one centimeter. Thicker mats show up to 8 to 10
lamellae, suggesting possible annual growth. The chief
matrix of the mats includes several oscillatoriaceous
blue-green algae (Schizothrix spp., Phormidium sp.,
etc.) in which Chiorella, Chlamydomonas, Nostoc,
and several other algae occur in lesser quantities.
These attached algal mats also appear to he the
primary, if not the exclusive, habitat for what con-
sumer level of any food chain may exist in Lake
Bonney. Ciliate protozoa, nematodes. rotifers. and
tardigrades occur in the mats, although not in the
plankton. Mats trap gas, dislodge from their sub-
stratum, and float to the surface during the peak of
the austral summer. Many details such as the identity
of the gas, and numbers of bacteria and fungi present,
are yet to be determined for these mats. Our observa-
tions of their distribution in the east lobe of Lake
Bonney and rough estimates of their biomass, how-
ever, suggest that the mat community probably is
more important to the d ynamics of the ecosystem than
the plankton community.

Primary productivity studies. Details of our pri-
mary productivity data were reported at the 1974
SCAR/IUBS biology symposium. While far from final -
izing our conclusions after only two field seasons of
study, particularly of the primary productivity of
phytoplankton using the carbon-14 method, we an-
ticipate several important breakthroughs, as follows:

(1) Nonbiological fixation of carbon-14 possibly
as absorbed-exchanged and/or precipitated carbon-
ates, occurs during light and dark bottle experiments.

(2) High percentages of carbon-14 labeled extra-
cellular products, heretofore unreported, are a com-
mon feature of plankton and apparently of mat com-
munities.

(3) Probably the mat community is many times
more productive, on a surface area basis, than the
water column. These conclusions, often based on
laboratory experiments, must be regarded as tentative.

This research was supported by National Science
Foundation grant GV-351711.
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Genetic variability in antarctic krill

FRANCISCO J . AYALA, JAMES W. VALENTINE, and
GARY S. ZUMWALT

Departments of Geology and Genetics
University of California
Davis, California 95616

The extent to which environmental regimes in-
fluence the development of genetic variability is an
important problem in evolution. To gather evidence
on this question we are investigating the genetic
variabilities of marine invertebrate populations in a
variety of environments. Here we report on a study
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of the antarctic krill, Euphausia superba. This is the
fint record of genetic variability in a planktonic
organism.

The 130 individuals we studied were collected in
February 1974 from aboard R/V Hero off Anvers
Island (near 64°S. 64°W.). An Issacs-Kidd mnidwater
trawl was used at a depth of about 50 meters. The
sanple was frozen until thawed for analysis in our
laboratory. We used procedures of gel electrophoresis,
which have been described elsewhere (Ayala et al.,
1c72, 1974, in press). A total of 37 zones of activity
could be scored reliably in the gels; one zone is dis-
carded because two zones evidently are controlled
b) a single locus. Each of the remaining 36 zones we
assume is controlled by a single gene locus. Experience
indicates that this assumption is not likely to lead to
substantial error. A list of the enzymes assayed and the
alleles detected (including their frequencies) is being
published elsewhere (Ayala et al., in press) ; these
data and details of the assay techniques are available
fmm Dr. Ayala.

E. superba is not very genetically variable when
compared to other marine invertebrates. There is
little variation at 27 of the loci studied, although at
one locus nearly half of the individuals are hetero-
zygotes. There is good agreement of observed gene
frequencies with those expected at Hardy-Weinberg
equilibria. Further, the distribution of individuals with
respect to the number of heterozygous loci does not
depart significantly from a Poisson distribution. We
probably are dealing with a single, randomly mating
population. The best single measure of genetic vari-
ability for such populations is the average hetero-
zygosity. In our sample of E. superba, an average
individual is heterozygous at 5.8 ± 0.4 percent of the
loci studied.

Since the genetic variability of other planktonic
forms is unknown, we must compare F. superba with
benthic invertebrates. Species from high latitudes or
from highly seasonal environments have low average
heterozygosities (about I to 4 percent), those from
intermediate regimes are intermediate (about 7 to
12 percent), while those from stable environments
(the tropics and the deep sea) have high average
heterozygosi ties (about 17 to 22 percent; see refer-
ences in Ayala et al., in press). Thus F. superba falls
between the high side of the low group and the low
side of the intermediate group.

Antarctic forms for which estimates of the genetic
variability are available include the benthic brachio-
pod Liothyrella notorcadensis (Ayala et al., in press:
Valentine et al., 1974), the elephant seal Mirounga
leonina (about 3 percent: McDermid et al., 1972)
nd small samples of several fish populations (about

to 3 percent: Somero and Soule', 1974). F. superba
ias an estimated heterozygositv that is slightly higher

than these.

The trend of genetic variabilities among benthic
invertebrates suggests that they are highest in environ-
ments where resource regimes are most stable, and
lowest where resource regimes are most seasonal or
otherwise exhibit the most fluctuation. This trend
counters the prediction of many workers who expect
low genetic variability to correlate with high environ-
mental stability. E. superba, inhabiting the relatively
stable Circumpolar Water Mass and ranging north
to the Antarctic Convergence (Mauchline and
Fisher, 1969), has a genetic variability that agrees
well with the findings on benthic invertebrates. It re-
mains to investigate allied species from low latitudes
for a sample of trends among planktonic forms.

Collection and transportation of the sample was
supported by National Science Foundation grant
(;v-31162. Electrophoretic analysis in Dr. Ayala's
laboratory was supported by National Science Founda-
tion grant GB-30895 and by Atomic Energy Commis-
sion contract AT(04-3) 34. Dr. Jere Lipps arranged
for sampling; Dr. Edward Brinton verified the iden-
tification of E. superba.
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