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One of the objectives of our work in the Taylor Valley during
the 1982-1983 field season was to study the chemistry of nu-
trient species (total and dissolved phosphorus, nitrate, nitrite,
and ammonia) in Lakes Fryxell and Hoare and in the overland
glacial meltwater streams that feed them. The nutrient chemis-
try of Lake Fryxell has received some attention in the literature
(Parker et al. 1982a; Parker et al. 1982b; Toni et al. 1975; Vincent
1981) but Lake Hoare and the meltstreams that feed each lake
have received virtually none. The present study was under-
taken as part of a systethatic effort to characterize nutrient
behavior in Lakes Fryxell and Hoare to determine (1) the depth
vs. concentration profiles for nutrients in both lakes; (2) the
annual loading of each nutrient to the lakes from the meltwater
streams and from direct glacial runoff; (3) the residence time
(the average time in years an element spends in the water
column) for each nutrient; and finally, to attempt (4) to explain
why these two nearby lakes (on the east and west edges of the
Canada glacier) exhibit such marked productivity differences.

This paper should be read as a preliminary report on nutrient
distributions in these two systems.

Materials and Methods. Lake Hoare was sampled for nutrients
from a dive hole located over the deepest area on 19 November
1982. An acid-washed 3 liter plastic Kemmerer sampler was
used to collect water at 3-meter intervals from the ice surface
down to 29 meters. Samples were taken in acid-washed 1 liter
Nalgene bottles. Partitioning of phosphorus into dissolved and
total fractions was accomplished by pressure filtration through
acid-washed 0.45 micron pore size Millipore filters in a polycar-
bonate filtration apparatus. The samples were stored frozen in
the dark until analysis.

Lake Fryxell was sampled in December 1982. This time, sam-
ples were collected using a Barnant centrifugal pump. Filtration
was accomplished with the placement of a 0.45 micron pore size
Millipore filter (in an appropriate Millipore casing) in the
flowstream of the pump. The samples were frozen in the dark to
- 20°C upon return to the Eklund Laboratory. Water from the
meltstreams was collected in identical bottles, with only a sur-
face grab sample taken. Filtration, when attempted, was accom-
plished on site.

Total and dissolved phosphorus was determined using the
method of Strickland and Parsons (1972). Standard methods of
analysis (APHA 1975) were used to determine nitrite, nitrate
(cadmium reduction method), and ammonia (phenate method).

Lakes Hoare and Fryxell are shown in the figure.
Lake Hoare. Table 1 presents data from Lake Hoare and se-

lected data from the two streams feeding the lake. In the lake,
dissolved ortho-phosphate (the fraction available to producers)
remains relatively low until the anoxic zone is reached at 27

Location of streams in the Lake Hoare and Lake Fryxell systems.
(Adapted from Elston and Bressler 1981.)

meters. At 27 and 29 meters, increasingly reducing conditions
apparently promote the resolubilization and release of phos-
phorus from its solid phases; the concentration of dissolved
ortho-phosphate, as well as its percentage of the total fraction
increase at these depths. Total phosphorus also remains rela-
tively constant in the water column, displaying a large change in
concentration only at 27 meters.

Table 1 also presents the atomic ratios of nitrogen to phos-
phorus (NIP) in the water column. Vollenweider (1968) reports
an atomic N/P ratio of 10:1 in algal cells, and this can be taken as a
rough index of algal nutrient requirements. Ratios of available
water column nutrients greater than about 10:1 suggest that
phosphorus maybe limiting, whereas ratios less than 10:1 indi-
cate growth limitation by nitrogen. In the upper-waters of Lake
Hoare, nitrogen is limiting down to at least 9 meters, but below
this depth atomic nitrogen greatly exceeds atomic phosphorus
and phosphorus becomes (by the above criterion) limiting to 27
meters. With the resolubilization of phosphorus in the reducing
zone, however, phosphorus is released and nitrogen again be-
comes limiting.

This phenomenon of phosphorus limitation at mid-depth is
possibly due to the nitrification of diffusional ammonia from the
anoxic zone in the presence of oxygenated water and certain

Table 1. Nutrient concentrations for the Lake Hoare systema

Sample Total Dissolved	
(N 

\b

PO4-P P-PO4-P NO3-N NO2-N NH3-N

	

Lake Hoare 3	5.0	2.5	2.5	 0.6	2.8

	

6	60	2.5	3.0	 1.8	4.2

	

9	67	1.5	1.0	 1.1	3.3

	

12	85	1.8	 0.4

	

15	71	4.8	45	 0.2 21

	

18	65	1.8	36	 0.1	44

	

21	56	2.1	48	 1.4	51

	

24	46	 87	 1.4

	

27	198	116	n.d.c	270	5.2
29 516	440	nd.	579	2.9

	

Creek 1, 12121	44	 36	 1.8

	

Creek 1, 12/31	40	 29	 1.6

	

Creek 2, 12/22	6.3	 6.8	 2.4

a In micrograms per liter.
b Ratio of ug-at. dissolved nitrogen to ug-atoms dissolved O-PO4-P

"nd." denotes not detectable.
"-" denotes no data.
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nitrifying bacteria. This process makes nitrogen more available
in the 12-24-meter zone where Parker et al. (1982-a) have re-
ported higher chlorophyll a concentrations. Thus, in the depths
of greatest potential productivity, phosphorus is the limiting
nutrient in Lake Hoare. This phosphorus limitation is in con-
trast to the Lake Hoare inflow streams (table 1) which, based on
limited dissolved phosphorus data, appear to be strongly nitro-
gen limited. Total phosphorus concentrations in the oxic upper
lake are reflective of the concentrations found in the streams.

Lake Hoare streams. Nutrient fluxes to the lakes were deter-
mined from estimated yearly stream-flows and measured con-
centrations. Two overland streams make significant contribu-
tions to the Lake Hoare water and nutrient budgets, and each
was sampled intermittently throughout the flow season. The
instantaneous and total yearly flow of these streams were esti-
mated using a weir on the larger of the two streams (creek 1) and
a pygmy flow meter on the smaller (creek 2). Table 2 sum-
marizes the annual input of nutrients from these streams and
from the Canada glacier, based on average concentrations and
total flow. Annual loadings (in grams of nutrient per square
meter of lake surface) are very low for all nutrients. Indeed, in
comparing total phosphorus and nitrogen areal loading in these
lakes to the over 200 lakes reported by Rast and Lee (1978), the
Lake Hoare system exhibits lower loadings for phosphorus and
nitrogen than any of these. This is reflected in the system's very
low productivity-among dry valley lakes, only Lake Vanda in
Wright Valley exhibits lower productivity (Simmons et al. 1980).
Unlike Lake Vanda, however, the inflow streams to Lake Hoare
and a large fraction of the lake's water column are N-limited.

Lake Fryxell streams. Table 3 shows the annual contribution of
nutrients to Lake Fryxeliby each of its inflows. Areal loading for
each nutrient is again extremely low in comparison to the lakes
studied by Rast and Lee (1978).

Total phosphorus loading (in grams per square meter) for
Lake Fryxell is higher than it is for Lake Hoare (0.012 grams per
square meter in Fryxell vs. 0.005 grams per square meter in
Hoare). In contrast, nitrate-nitrogen loading per square meter is
lower in Lake Fryxell (0.003 grams per square meter in Fryxell
vs. 0.006 in Hoare). This low nitrogen loading appears to have
significantly influenced the lakes' nutrient chemistry, since
Lake Fryxell is strongly nitrogen limited at all depths. Nitrogen
also appears to be the limiting nutrient in all of the Fryxell
streams.

Lake Fryxell. Nitrate in Lake Fryxell was observed at
piezometric 3 meters but was not detectable below that depth.
Nitrite was not detectable until 9 meters. Total and dissolved

Table 2. Summary of nutrient inputs to Lake Hoare
1982-1983 Flow Season

Total annual Total phosphorus	NO3-N loading
flow	loading	(in kilograms

(in kilograms	per year)(in liters)	per year)

Creek 1	1.1 x 108	6.5	 4.6
Creek 2	5.5 x 107	0.69	 0.25
Canada Glacier	3.4 x 1011	3.3	 6.4

Total loading	5.05 x 108	10.5	 11.3
Areal loading

(in grams per
square meter)	 0.005	0.0069

Table 3. Summary of annual nutrient inputs' to Lake Fryxell'

Annualnnual
Annual total	

dissolved	Annual
Creek	flow	 ortho-phosphate	nitrate

phosphorus(in liters)	loading	
phosphorus	loading

loading

3	4.2 x 108	38.7	10.9	9.8
4	4.0 x 108	3.4	 0.7	2.8
5	2.5 x 108	15.7	 3.7	0.2
6	 1.4 x 108	7.1	 1.7	8.8
7	 1.4 x 108	12.2	 2.3	0.0
8	0.8 x 108	1.76	0.5	0.2
9	0.6 x 108	2.0	 1.3	0.4

10	0.6 x 108	2.3	 0.4	0.7
11	 0.3 x 108	1.9	 -	0.1

Total loading	1.6 x 108	84.0	21.5	23.0

Areal loading
(in grams
per square
meter)	 (0.012)	(0.003)	(0.003)

a Based on estimated annual discharge and on average nutrient
concentrations.

phosphorus increased with depth, with total phosphorus in-
creasing rapidly after 9 meters. The values are presented in
table 4 and agree with those reported by Toni et al. (1975).
Possible factors contributing to nitrogen limitation in Lake Fryx-
ell are the low quantity of nitrate in the inflowing streams and
the importance of nitrogen removal by escaping algal mats.
According to Parker et al. (1982-b) escaping algal mats remove
55 kilograms of nitrogen per year and only 31 kilograms of
phosphorus.

Present and future work. We are currently estimating the total
amount (in kilograms) of each nutrient species in the lakes by

Table 4. Nutrient concentrations in the Lake Fryxell system'

Total DissolvedSample	PO4-P O-PO 4-P NO3-N NO2-N NH3-N ()

Lake Fryxell 3	3.1	2.3	3.1	n.d.c	1.8 4.90
6	26.6	6.0	nd.	nd.	7.0 2.60
9	169.0	170.0	nd.	1.2	487.0 6.60

12	521.0	515.0	nd.	2.3	1,439.0 6.40
15	1,960.0	700.0	nd.	5.4	3,079.0 3.60

Stream 3, 1/13d	132.0	26.0	26.0	_e	-	2.30
Stream 4, 12/3	10.0	2.3	1.6	-	-	1.60
Stream 5, 12/22	85.7	14.7	nd.	-	-	0.00
Stream 6, 12/3	31.0	12.2	36.7	-	-	6.90
Stream 7, 12/22	83.0	16.7	nd.	-	-	0.00
Stream 8, 1/13	23.6	8.9	nd.	-	-	1.20
Stream 9, 1/13	34.8	21.3	nd.	-	-	0.78
Stream 10, 12/22	49.4	6.9	3.0	-	-	2.30

a In micrograms per liter.
b Ratio of J.g-at. dissolved nitrogen to p.g-at. dissolved phosphorus.

"nd." denotes not detected.
Stream concentrations represent single measurements on the data
indicated.

denotes no analysis performed.
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combining our raw concentration data with depth adjusted
estimates of water body volume. In conjunction with loading
estimates, we will then estimate nutrient residence times, to
gain some sense of nitrogen and phosphorus dynamics in these
lakes.

Work in the future will center on modeling of diffusion pro-
cesses for nutrients within the lakes. Specifically, we will be
looking at the rate of diffusion of ammonia into the upper waters
of Lake Fryxell and its conversion to available (and limiting)
nitrate. This will permit comparison of internal versus external
loading and will further aid in determining why this lake is
more productive than its oligotrophic neighbor, Lake Hoare.

We wish to thank George Simmons and his students for their
assistance and companionship in the field; and VXE-6 for effi-
cient logistics support. We gratefully acknowledge the support
of National Science Foundation grant DPP 81-17644.

References

APHA. 1975. Standard methods for the examination of water and wastewater.
(14th ed.) Washington, D.C.: American Public Health Association.

Elston, D.P., and S. L. Bressler. 1981. Magnetic stratigraphy of DVDP drill
cores and late Cenozoic history of Taylor Valley, Trans-Antarctic
Mountains, Antarctica. In L.D. McGinnis (Ed.), Dry Valley Drilling
Project. Washington, D.C.: American Geophysical Union.

Parker, B. C., G. M. Simmons, Jr., K. G. Seabung, D. D. Cathey, and F.C.T.

Allnutt. 1982-a. Comparative ecology of plankton communities in
seven Antarctic oasis lakes. Journal of Plankton Research, 4(2), 271-286.

Parker, B.C., G.M. Simmons, Jr., R.A. Wharton, Jr., K.G. Seaburg, and
F.G. Love. 1982-b. Removal of organic and inorganic matter from
Antarctic lakes by aerial escape of blue-green algal mats. Journal of
Phycology, 18, 72-78.

Rast, W., and G.F. Lee. 1978. Summary analysis of the North American
(U.S. Portion) OFCD eutrophication project: Nutrient loading—lake response
relationships and trophic state indices. (U.S. EPA. EPA-G0013-78-008.)
Corvallis, Oregon: Corvallis Environmental Research Laboratory.

Simmons, G.M., Jr., B.C. Parker, F.C.T. Allnutt, D.P. Brown, D.D.
Cathey, and K.G. Seaburg. 1980. Ecosystem comparison of oasis
lakes and soils. Antarctic Journal of the U.S., 14(5), 181-183.

Strickland, J.D.H., and T.R. Parsons. 1972. A practical handbook of sea-
water analysis. (Bulletin 167 second edition.) Ottawa, Canada: Fish-
eries Research Board of Canada.

Toni, T., N. Yamagata, N. Shyu, S. Murata, T. Hashimoto, 0. Mat-
subaya, and H. Sakai. 1975. Geochemical Aspects of the McMurdo Saline
Lakes with special emphasis on the distribution of nutrient matters. In T.
Toni (Ed.), Geochemical and Geophysical Studies of Dry Valleys, Victoria
Land, Antarctica. (Mem. Spec. Issue 4.) Tokyo: National Institute of
Polar Research.

Vincent, W. 1981. Production strategies in Antarctic inland waters: PHG
to plankton eco-physiology in a permanently ice covered lake. Ecolo-
gy, 62(5), 1215-1224.

Vollenweider, R.A. 1968. Scientific fundamentals of the eutrophication of
lakes and flowing waters, with particular reference to nitrogen and phos-
phorus as factors in eutrophication. (Technical DAS/CSI/68.27.) Paris,
France: Organization for Economic Cooperation and Development.

Studies of plant communities of the
Antarctic Peninsula near Palmer

Station
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Field operations started on 14 December 1983 and were con-
cluded on 25 March 1984; Stan Scott and Miho Toi worked as
field assistants during the entire time. Arthur Harbor opera-
lions were again supported from Palmer Station and the Ant-
arctic Peninsula operations by RIv Hero. Two sites were visited
with the French yacht f'Murr (homeport, Brest).

The following sites were sampled during the 1983-1984 sum-
mer: Anchorage and Horseshoe Islands; Goudier Island; Minot
Point, Cape Claude, Metchnikoff Point, and Buls Bay on Bra-
bant Island; Melchior Islands; Spigot Peak on Danco Coast;
Keller Point, Point Thomas, Fildes Peninsula, Suffield Point,
Demay Point, and Point Durant on King George Island, and
Ardley Island, South Shetland Islands; Santos Peak, Leith Cove
and Spring Point on Danco Coast: Quinton and Giard Points,
Cape Monaco, Biscoe Point, point north of Biscoe Point, and
several islands and points in Arthur Harbor area on Anvers

Island; Dream Island; Gossler Islands; Joubin Islands; Argen-
tine Islands; Almirante Brown Station (Argentina); and Bryde
Island. Sampling of plant communities and their environment
including some climatic variables and disturbance continued at
each site; many plots were permanently marked or revisited.

Samples of vascular plants, mosses, and lichens from many
additional localities along the Antarctic Peninsula were ob-
tained from Sally and Jerome Poncet, owners of the French
yacht Damien II (homeport, La Rochelle) who discovered the
new southernmost locality of the two native antarctic vascular
plants Deschampsia antarctica Desv. and Colobanthus quitensis
(Kunth) Bard. on Terra Firma Islands at 62°42'S in Marguerite
Bay on 16 February 1984. Both plants were growing vigorously
and reproduced well there in 1984 so that they could probably
occur farther south if suitable habitats were available (cf. Smith
1982). Altogether, twenty-four new localities of vascular plants
(14 for D. antarctica, 2 for C. quitensis, and 8 for both species)
were reported (Komarkova, S. Poncet, and J . Poncet in prepara-
tion) which brings the list of known vascular plant localities in
the Antarctic Peninsula area to 116 (figure 1). Damien II, with six
seasons of experience in the waters of the Antarctic Pensinula,
proved very efficient at work requiring frequent landings in
shallow waters near shore such as studies of plant or bird
distributions; it is available for charter for research purposes.

The most complete environmental monitoring was carried
out on the Stepping Stcne Island, Arthur Harbor area (64°S).
Plant and soil temperatures, soil moisture, photosynthetically
active radiation, wind speed, and precipitation were recorded
by a Campbell Scientific model CR21 micrologger and air tem-
perature and relative humidity were recorded by a hygrother-
mograph. Plant and soil temperature and soil moisture probes
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