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Two field teams' during the 1973-1974 austral
summer continued research begun the previous year
to describe the ecosystem of Lake Bonney (Taylor
Valley, southern Victoria Land). During the 1972-
1973 field season biological and chemical data were
obtained from detailed analyses of the water column
at several sites in both the east and west lobes of
Lake Bonney (Parker et al., 1973). This past season,
however, studies were limited to the east lobe and
were expanded to include investigations of benthic
algal mats discovered at the close of the previous
season. Sediments were collected for analysis from
the west lobe and detailed investigations were con-
ducted of glacial melt streams, particularly from
Sollas and LaCroix glaciers, in an attempt to quanti-
tate flow rates and some chemical constituents.

The 1973-1974 field teams included, in addition to
biologists and chemists, civil engineering students who
surveyed the lake to accurately locate sampling sites
and to construct weirs and measure melt stream flows.

Sampling sites. Two transects of the lake were
established along both axes of the east lobe. Five
sampling sites along the east-west transect and eleven
along the north-south transect were selected at meas-
ured distances with a surveying chain (figure 1).
Flags were fixed in the ice at these sites to facilitate

' Field team 1 (October through mid-December 1973)
James Craft, Richard Fortner (team leader), Paige Geering,
Daniel Graber, Dr. Hoehn (principal investigator, in the
field November 1 to 16), Vincent Howard, Mary Olson, and
Jeffrey Whitehurst (co-team leader). Field team II (mid-
December 1973 to mid-February 1974): Gary Crouch, Larry
Lane, Dr. Parker (principal investigator, in the field January
3 to February 8), Julie Petruska, Robert Stavros, Hal Sugg
(co-team leader), Alexis Taylor, and Barron Weand (team
leader). William Markley and James Borchers arrived at
McMurdo in early September 1973 to prepare field equip-
ment and supplies.

future identification. Holes 23 centimeters in diameter
were drilled through the lake ice to the water below,
and samples were collected in Kemmerer bottles for
in situ analysis and for later analyses (at Virginia
Polytechnic Institute and State University) of such
constituents as heavy metals and total organic carbon.
Various in situ measurements, such as pH, tempera-
ture, conductivity, and light also were made.

Chemical studies. All previous chemical analyses
of the water column were repeated twice this season
to verify the 19724973 data. More analyses of nitro-
gen and phosphorus also were conducted because of
the probable importance of these elements as nutri-
ents. Laboratory work prior to this field season was
intensified to develop more reliable analytical tech-
niques for phosphorus and nitrogen, notedly not sub-
ject to interferences by Lake Bonney's high salt con-
centrations below the cheisiocline (i.e., about 12.5
meters below ice surface). Previous data, although
imperfect in some respects because of interferences,
had shown that phosphorus was low and nitrogen was
high in the water column. These results were verified
during 1973-1974 by proven analytical methods. The
method of standard additions (Gelach, 1925) was
employed to compensate for interferences (figure 2);
a statistical regression analysis of the data provided
confidence limits for the concentrations of nutrient
determined by this method.

Nutrients analyzed and the procedures used were:
orthophosphorus, by the ascorbic acid technique
(Murphy and Riley, 1962) ; nitrates, by the cadmium
reduction method (American Public Health Asso-
ciation, 1971) ; nitrites, by the diazotization method
(American Public Health Association, 1971)
ainiiionia, by the phenolhypochlorite method (Mar-
tin, 1972). Our data for the lake's water column,
sampled at site l-W (figure 1), showed seasonal
ranges of 0.058 to 2.42 milligrams nitrate-nitrogen
per liter; 1.85 to 593 micrograms nitrite-nitrogen per
liter; 0.006 to 12.8 milligrams ammonia-nitrogen per
liter; and 0 to 205 micrograms orthophosphate-
phosphorus per liter. Such wide ranging values testify
to the need for seasonal studies of Lake Bonney.
Especially significant among our data is the large
concentration of ammonia, which has not been re-
ported previously. Only Angino et al. (1964) reported
its presence, and then only in trace amounts. Our
summer-long investigations also permitted the corre-
lation of observed changes in various chemical, physi-
cal, and biological parameters. The first of these data
was reported at the 3rd Scientific Committee on
Antarctic Research/ International Union of Biological
Sciences (sCAR/JUBs) Symposium on Antarctic
Biology (August 1974).

The greatest disparity in data on Lake Bonney
water has been in phosphorus values. Angino et al.
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Figure 1. Lake Bonney
diagram showing weir and

sampling sites along an
east-west transact. A north-

south transact established at
site 1-W is net shown.

(1964) reported a range that included high values
(0 to 1.5 milligrams per liter'), whereas Yamagata
et al. (1967) reported extremely low values (less than
1 microgram per liter). Our analyses showed levels
consistently below 25 micrograms per liter in water
above the chemocline: concentrations below the
chemocline seldom were greater than 200 micrograms

X	Xt50	XtIOO	Xt150	Xt200	Xt250
CONCENTRATION Mg/1

Figure 2. Example of graph obtained from spectrophotometric
analysis of a substance by the method of standard additions.

The absolute value of the negative X-intercept is the
concentration of the unknown, X.

per liter. Our phosphorus data are more consistent
with those of Goldman (1964), who also used tech-
niques for analysis of saline waters. These data are
being examined to determine if seasonal variations
in phosphorous concentrations can be correlated with
variations in numbers of bacteria, yeasts, and algae.

Additional data were obtained during 1973-1974 to
verify our previous finding that high concentrations
and dramatic seasonal changes in dissolved organic
matter occur in Lake Bonney with concentrations as
high as 32 milligrams of carbon per liter (Parker
et al., 1974).

Sediment studies. Our 19734974 field studies were
modified to include sediments because benthic algal
mats were observed late in the 1972-1973 season. A
gravity core sampler weighing approximately 70 kilo-
grams was used to obtain sediments, preserved by
freezing, for later anal ysis. The sampling program was
not as successful as we had hoped because of difficulties
in handling the coring equipment (moving from site to
site, raising and lowering the sampler, and retaining
cores in sampling tubes during ascent to the surface).
Sediment and benthic mat samples also were grab
sampled with an Eckman dredge; these samples were
obtained only from shallower, ice-free areas of the
lake (nearshore). Laboratory analyses of the sedi-
ments are underway but insufficient data are available
to permit conclusions.

The sediment sampling program discovered numer-
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ous large crystals of halite (sodium chloride) at ap-
pr9ximateiy 33 meters in depth in the east lobe of
Lae Bonney. After confiniiing the crystals' identity.
at McMurdo's Thiel Earth Sciences Laboratory,.
sai iples were refrigerated for later study. Results of
th se studies (Craig et al., 197-L revealed a new form
of antarctic halite: hvdrohalite (NaC12IL()), pres-
en with comnion halite. Detailed studies of this rare
cr stalline fouli are planned for the 1974-1975 field
se son.

cit stream studies. \'Veirs wei c constructed on a
m It stream that flows into Lake Bonney froin Solias
and LaCroix glaciers and on one flowing from Matter-
h rn Glacier. The latter gathered silt so rapidly that
lit le data could be collected: the Sollas-LaCroix weir
fu ctioned for several weeks, however, until the flow
b came so great that the weir washed away.

Figure 3 shows a flow pattern for the Sollas-LaCroix
gi cial melt stream over several days. It is evident
that there were diurnal variations in flow, which
al)arently were caused by variations in the intensity
of sunlight on the glaciers. The peak flow rates also
increased with timmie. Parshall flumes are being in-
stalled on several melt streams during the 1971-1975
field season to obtain more reliable data than that
obtained with weirs. Meltwater volume in 1973-1974
was sufficient to raise the lake about one meter, as
measured by survey at the close of the field season.
Measurements in early 1974-1975 will permit us to
calculate the lake ice sublimation rate (believed to
approximate 0.5 meters per year).

The melt stream waters were chemicall y analyzed
for several constituents. Of interest was the observa-
tion of high phosphate-phosphorus concentrations

(about 100 micrograms per liter) at the start of the
flow with decreasing concentrations as the flow in-
creased. These data indicate that I)llosl)IIorus may
enter Lake Bouncy annually from weathered apatites
or basaltic flows, with glacial melt streams serving as
solvent and vector for phosphorus transport to the
lake. We are examninine our data for correlations be-
tween phosphorus input, lakewater phosphorus con-
centrations. and peaks in biological productivity.

Biological data. Plankton algae. We presently have
axenic. clonal cultures of a domiminant plankton alga
(Clilorella sl) . ), anti unialgal and mixed cultures of
several other algae. including Clilarnydomonas sp.,
various diatoms, and blue-green algae associated with
the bentluic mats. Counts of plankton algae reveal
cneI'll 11v very low densities (i.e., less than 101 per

milliliter) throughout the water column, although
variations with depth and season are considerable.
For example, the east lobe exhibits dramatic increases
in algal and bacterial cell numbers and species diver-
sitv during glacial melt stream inflow. One important
result of our 1973-1974 effort is detection of apparent
absence of delicate naked flagellates so common to
arctic lakes. Enumeration of algae from Lake Bonney
—for the first time using the procedure of concen-
tration l)\ setting of Lugols fixed water samples in
parallel with a millipore membrane counting tech-
nique (Vollenweider, 1969) , the latter similar to that
used by Koob and Lester (1972') —revealed essentially
no differences in algal cell concentrations.

Bacteria and yeast. Numerous axenic cultures of
yeasts and bacteria have been Prepared. While isolates
have not yet been identified, a number of them prob-
ably are new to Antarctica. As with the algae, yeasts

Figure 3. Graph of the flow
rate of the Sollas-LaCroix

melt stream from December
27, 1973, to January 1, 1974.
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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
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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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