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T
he lakes in the dry valleys of Victoria Land have diverse
assemblages of phytoplankton and bacterioplankton

beneath the permanent ice caps (Vincent 1981; Priscu et al.
1987); we are unaware of reports on microbial communities
living within the ice cap itself. During previous studies on
planktonic microorganisms in Lake Bonney, we observed a
discolored layer of ice occurring at approximately mid-depth
within the ice cap (Priscu unpublished data). This study pre-
sents results from an investigation of the components in that
discolored ice layer, including chlorophyll-a, gravel weight,
nutrient concentration, primary productivity, and bacterial
activity.

Ice cores were analyzed from Lake Bonney, a meromictic
lake with a 3.5- to 4-meter (m) permanent ice cap. Samples
were collected in the center of the east lobe (station E30) and
in the center of the west lobe (station W20) during the austral
summer of 1992-1993 (see Spigel, Fourne, and Sheppard 1991
for precise site locations). The east lobe station was sampled
three times from 17 November through 17 December, with
approximately 7 days separating each sample run; the west
lobe was sampled twice from 20 December through 1 Janu-
ary. Replicate coring holes were within 1 meter of the original
hole. Cores were obtained using a SIPRE hand-coring device
[diameter 10 centimeters (cm)]. Cores were sectioned into
14-16-cm lengths before being placed in acid washed, screw-
cap glass jars to melt. Specific core depths mentioned here-
after indicate the depth at the core end nearest to the ice sur-
face; for example, a core named "260 cm" would encompass
14 cm of ice from depths of 260 to 274 cm. Sample jars were
kept dark and melted slowly so that the ice/water sample
never exceeded 5°C. Immediately after complete ice melt,
gravel content, chlorophyll-a, nitrate (NO3), nitrite (NO2),
ammonium (NH4), Soluble Reactive Phosphate (SRP), prima -
ry productivity, and bacterial activity were measured. Pre-
served samples of microalgae and bacteria were also collect-
ed for later examination. Except for nutrient analyses, all
work was conducted in a cold (10 to 15°C) and dark environ-
ment.

Chlorophyll-a was detected only below 200 cm in the ice
cap of the east lobe (figure, block B). The shallowest core con-
taining measurable chlorophyll-a [0.03 milligram per cubic
meter (Mg/M3)] came from 190 cm and the highest levels
were found in cores from 200 to 240 cm from the ice surface.
Primary productivity rates (PPR), measured with the 14-car-
bon method, showed no trend with depth, nor did bacterial
activity, measured by monitoring the rate of 3H-thymidine
incorporation into bacterial cells (TDR) (table). Linear regres-

sions showed no significant relationship between chloro-
phyll-a levels and either NO 3 or NH4 (r2<0.50).

Gravel was present in shallow cores (130 to 180 cm)
where no chlorophyll-a existed, as well as in the deeper cores
(figure, block A). A linear regression of data from the third east
lobe run, which sampled only from 200 to 310 cm, revealed a
positive relationship between gravel weight and chlorophyll-a
concentration (r2=0.93). Neither of the other two east lobe
cores showed linear gravel vs. chlorophyll-a relationships, nor
did a regression of all east lobe core runs produce a signifi-
cant gravel to chlorophyll-a relationship (r2<0.50).

East lobe NO 3 was markedly higher above 200 cm,
although it was measurable through the entire ice column
(3.5 m) at levels less than 1 millimole per cubic meter
(mmol/m3) (figure, block Q. NO2 showed no clear trend with
depth and was always less than 0.04 mmol/m 3 (figure, block
D). NH4 was also first detected at 200 cm and was present in
most samples below that depth to the bottom of the ice cap
(figure, block F). East lobe SRP (figure, block F) was detected
at an average of 0.18 millimole per m 3 in the shallower cores
and only rarely appeared below 200 cm. A t-test between
overall NO 2 and NH 4 above and below 200 cm (t=5.26,
P<0.001) in the east lobe indicated that these nutrients were
in significantly greater amounts below 200 cm.

No linear relationship was evident between gravel or any
of the nutrients and chlorophyll-a in the west lobe (r2<0.50).
PPR measurements in this lobe showed a slight increase with
decreasing depth, whereas TDR showed no clear trend with
depth (table). West lobe nitrate became detectable at 200 cm
(figure, block C) as in the east lobe, but both the gravel and
chlorophyll-a peaks were slightly above this depth, at 179-180
cm. The west lobe contained nitrite and SRP throughout most
of the ice column at concentrations generally less than 0.5
mmol/m3 (figure, blocks D and F). NH 4 was present in all
west lobe samples but showed no clear trend with depth (fig-
ure, block F). A t-test comparing combined nitrogenous nutri-
ents (NO3 plus NO2 plus NH4) above and below 200 cm in the
west lobe showed no significant differences (P>0.05).

All data indicate significant biological activity near the
middle of the ice cap in association with the gravel layer. The
coexistence of gravel and microorganisms presumably relates
to the fact that liquid water exists within the region of the grav-
el. We have noticed distinct liquid water layers associated with
gravel when coring the ice. It seems that the liquid water pock-
ets within the lake ice are corollaries to the brine channels
within sea ice, which harbor a marine microbial assemblage.
We currently have thermistors anchored within the ice cap of
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Lake Bonney to determine the vertical and temporal extent of
potential regions of liquid water within the ice column.

Microscopic examination of preserved samples from the
ice cores revealed a preponderance of filamentous
cyanobacteria morphologically similar to the genera Oscilla-
toria and Phormidium. Our studies within the liquid water
column of Lake Bonney have shown Oscillatoria to be a
minor component of the photosynthetic planktonic commu-
nity. The lake ice microalgae may be derived from the plank-
ton within the lake or may originate from surrounding ter-
restrial communities which are dominated by filamentous
cyanobacteria of the genus Phormidium. Precise identifica-
tion of these species using both morphological and molecu-
lar characteristics is required before the question of origin is
resolved. We plan to continue our work on lake-ice microor-
ganisms in an attempt to answer the question regarding the
seed population and to determine their role in total ecosys-
tem dynamics.

This work was supported in part by National Science
Foundation grants OPP 88-20591 and OPP 91-17907 to John

Rates of primary productivity (PPR, micrograms carbon
per cubic meter per day and bacterial activity (TDR,
nanomole thymidine per cubic meter per day) from ice
cores collected from the east and west lobes of Lake
Bonney. All rates were determined on melted ice core
sections. Samples for PPR were incubated immediately
beneath the ice cap for 24 hours; TDR samples were
incubated between 1 and 2 degrees centigrade in the
dark for 24 hours. Depth (in centimeters) is distance
from the top of the ice cap.

49	2.42	0.019	630	0.00	0.000
137	5.28	0.211	203	3.37	0.314
205	2.16	0.247	259	0.04	0.000
225	62.50	0.067	266	12.20	0.220
265	2.81	0.698	311	131.00	0.461
321	0.51	0.150	365	425.00	2.390
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Potential hydrologic and geochemical consequences of the
1992 merging of Lake Chad with Lake Hoare in Taylor Valley

DIANE M. MCKNIGHT and EDMUND D. ANDREWS, U.S. Geological Survey, Boulder, Colorado 80303

L
ake levels have been increasing throughout the McMurdo
Dry Valleys since detailed records began in 1960 (Chinn

1993). Further, there is also evidence that the level of Lake
Bonney has been rising since the dry valley lakes were first
discovered by Scott's party in 1903 (Chinn 1993). Lakes in the
dry valleys are fed by glacial meltwater streams that flow for 6
to 9 weeks during the austral summer, typically during
December and January. The rising lake levels, therefore, are
caused by increased streamfiow associated with longer peri-
ods of temperatures above freezing and other climatic factors
(Chinn 1993). The ultimate cause of the warming trend in cli-
mate in the dry valleys is not known.

In addition to being the main source of water to the lakes,
glacial meltwater streams are also important sources of inor-
ganic solutes to the lakes (Green et al. 1989). Solutes in the
streams come from leaching of marine aerosols and calcite, as
well as from primary weathering reactions occurring within
the streambed alluvium (Green et al. 1989; McKnight and
Andrews in press). Calcite is abundant in the dry valleys
because of calcite deposition in Lake Washburn, which filled
most of the Taylor Valley until about 10,000 years before pre-
sent. The abundance of marine aerosol is dependent upon
the proximity to the coast. Therefore, the relative ratio of sodi-
um (Na) to calcium (Ca) as major cations is expected to
decrease with increasing distance from the coast.

Lake Hoare is a closed-basin lake located in Taylor Valley
with its eastern boundary determined by the Canada Glacier
(figure); it has been rising since records began in 1972 with a
net rise of 1.35 meters (m) (Wharton et al. 1992; Chinn 1993).
The major streams flowing into Lake Hoare receive drainage
from the Canada Glacier. Lake Chad is located west of Lake
Hoare and has a surface area about a tenth of that of Lake
Hoare. Lake Chad receives drainage from the Suess Glacier
and can, in turn, drain into Lake Hoare. Since 1956, flow from
Lake Chad to Lake Hoare has been seen on aerial pho-
tographs of the area, specifically on 5 December 1956, 1 Janu-
ary 1958, 12 January 1975, 18 January 1981, and 20 December
1982 (Wharton personal communication).

In late January 1992, we observed from a helicopter fly-
over that Lake Chad appeared to have merged with Lake
Hoare. On 30 January and 1 February 1992, we studied the
narrows area between the two lakes by making water-level
measurements and collecting samples for analysis of major
ions. A sample was also obtained above the lake bottom from
a slush zone at a depth of 6.5 m at a site near the center of
Lake Chad. The water samples were filtered through 0.4-
micrometer (p.m) Nuclepore filters using an Antlia filtration
unit; samples for cation analysis were acidified with Ultrex
nitric acid. Cations were analyzed by inductively coupled plas-
ma spectroscopy and anion analysis by ion chromatography.

On 30 January 1992, we surveyed the water level in the
moat areas from the north shore of both Lake Hoare and Lake
Chad relative to the New Zealand benchmark NZARPBMT15
(76.95 m above mean sea level) located between the two
lakes. The water level for both lakes was 74.21 m above mean
sea level. We interpret these measurements as showing that
Lake Hoare has risen sufficiently such that it is now at the
same level as Lake Chad. Depending on the inflow from melt-
water streams to either lake in the future, the hydrologic con-
nection between the two lakes could go in either direction.
Whereas, in the past when the surface of Lake Chad was high-
er than Lake Hoare, the hydrologic connection, when it
occurred, was always from Lake Chad to Lake Hoare.

The results of water sample analyses are presented in the
table. The results show significant variation in chemistry.
First, the sample of the bottom water of Lake Chad had rela-
tively high solute concentrations, with Na and sulfate (SO4)
much greater than Ca and chloride (Cl). The results for the
Lake Chad outlet and the two sites in the narrows are all sim-
ilar and had Ca:Na atomic ratios between 1.3 and 1.0. At the
Lake Hoare inlet, the Na concentrations were comparable to
those in the narrows, but the Ca concentration was about
half resulting in a lesser Ca:Na ratio of 0.6. The other major
divalent cations, magnesium (Mg) and strontium (Sr), and
the anions SO4 and Cl showed the same pattern as Ca, being
greater in the narrows than in the Lake Hoare inlet. The
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