
Aspects of nutrient behavior in
Lake Vanda

DONALD E. CANFIELD* and WILLIAM J. GREEN

School of Interdisciplinary Studies
Miami University

Oxford, Ohio 45056

Lake Vanda, located in Wright Valley, Antarctica, has been the
subject of considerable limnological attention over the past 20
years. The major ion chemistry and physical limnology of the
lake have been discussed by numerous authors including (An-
gino, Armitage, and Tash (1965); Green and Canfield (in prepa-
ration-a); Ragotzkie and Likens (1964); Toni and Yamagata
(1981); and Wilson (1964). The origin of the lake's salts continues
to be a somewhat perplexing issue and has been debated by
several of the above authors, as well as by Cartwright and Harris
(1981). Notably absent from the literature, however, is a detailed
discussion of the dynamics of nutrient behavior within the
Vanda-Onyx system. This paper serves as a continuing report
on the activities of our field party during the 1980-1981 field
season, with an emphasis on the nutrient chemistry of Lake
Vanda and the Onyx River.

Lake Vanda has been classified as an ultra -oligotrophic lake
(Goldman, Mason, and Hobbie 1967) and is recognized as being
one of the least biologically productive and clearest lakes in the
world. Goldman and others (1967) observed that the highest
rates of productivity occurred in the warm middle regions of the
lake's monimolimnion and postulated that Lake Vanda's low
mixolimnetic water temperature could be responsible for this
low productivity. They also noted enhanced biological activity
when lake littoral waters were spiked with a solution containing
the nutrient nitrate, suggesting that nitrate limitation might also
be a factor in the low productivity. Unfortunately, no water
column nutrient data were available at the time to lend support
to either of these hypotheses. In an effort to determine what role
nutrient limitation might play in controlling the lake's biological
productivity and to consider, in general, the dynamics of nu-
trient behavior within the Vanda-Onyx system, a study was
undertaken in which lake waters were analyzed for nitrate,
nitrite, ammonia, total phosphorus, and dissolved orthophos-
phate. The Onyx River, Lake Vanda's major input stream, was
sampled 23 times throughout the flow season and was also
analyzed for the same nutrients, as well as for condensed phos-
phate. These data were used, along with 12 years of Onyx River
flow data collected by the New Zealand Ministry of Works
(Chinn personal communication), to calculate residence times
for various nutrient species in the region above the chemocline.

Figures 1 and 2 show the seasonal variations in nutrient
concentrations for the Onyx River. During initial flow, con-
centrations of phosphorus and nitrogen were high but dropped
markedly after a few days. Concentrations became relatively
constant after the first week. The initially high nutrient levels
could be a result of the long contact time that the first flowing
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Figure 1. Phosphorus concentration vs. time for the Onyx River.
["p. gil" denotes micrograms per liter; "P" denotes phosphorus;
"PO4-P" is a standard oceanographic (and limnologic) unit where
the weight of the nutrient species (i.e., phosphorus and nitrogen) is
expressed per unit volume and the prescript PO 4, NH3 , NO3, expres-
ses the form of the nutrient species.]
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Figure 2. Concentrations of nitrate-nitrogen vs. time for the Onyx
River. ("Vg/1" denotes micrograms per liter.)

waters have with the valley soils (1-2 weeks) on their course
from the Wright Lower Glacier to the lake. Also, evidence pre-
sented by Green and Canfield (1981) suggests that Bull Lake
(located just upstream from Lake Vanda) acts as a trap for
nutrients, which are incorporated into biological material, and
then released during the winter months. The flushing of these
regenerated nutrients during early flow could contribute to the
first summer pulse of nitrogen and phosphorus. Given the flow
rate of the Onyx River early in the season (50 liters per second)
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and the size of Bull Lake (approximately 100 meters by 200
meters by 2 meters deep), it takes 4 to 5 days for this small
waterbody to be flushed by the Onyx. During the first few days
of Onyx flow, the composition of the river entering Lake Vanda
may represent, to a large extent, the composition of Bull Lake.

Table 1 shows the seasonal, flow-weighted, average con-
centrations for nutrients entering Lake Vanda. Approximately
80 percent of the Onyx River phosphorus is present in particu-
late form. Some of this particulate posphorus is likely to be
organic in nature. However, given the high levels of iron in the
river (approximately 300 micrograms per liter), and the affinity
of phosphorus for iron oxide surfaces (Stumm and Morgan
1970), it is plausible that a large fraction of this particulate
phosphorus may be inorganically bound to hydrous iron ox-
ides. We estimate that on average 22 kilograms of total phos-
phorus enters Lake Vanda each year. Given that the lake's sur-
face area is 5.4 x 100 square meters, this influx represents one of
the lowest areal phosphorus loadings in the world and clearly
suggests that Lake Vanda owes its oligotrophic state to the
dearth of incoming phosphorus.

The atomic ratio of NO 3-N to PO,-P(D) for Onyx River water
entering Lake Vanda is approximately 16, the ratio of nitrogen to
phosphorus reported by Redfield, Ketchum, and Richards
(1964) is aquatic algae. Based on this consideration alone, nei-
ther phosphorus nor nitrogen would appear to be limiting
because both are available in the inflow waters in just the ratio
required for biological uptake. The situation changes dras-
tically, however, in the lake itself.

Table 2 presents nutrient concentrations as a function of
depth in the water column, along with values for dissolved
oxygen and chloride. Oxygen is presented to map the oxic-
anoxic boundary, while chloride shows the location of the
chemocline and the underlying brine. The nutrient versus
depth profile reported here agrees reasonably well with that
reported recently by Vincent (1981) for the same field season.
Nitrate concentrations parallel those of chloride (and the other
major ions) down to a depth of 54 meters. At 54 meters, the
nitrate concentration is at a maximum and quickly falls to zero at
the oxic-anoxic interface. Nitrite behaves in a similar manner.
By contrast, the concentrations of phosphorus, both total and
dissolved, are relatively constant well into the lake's diffusional
zone. Total and dissolved phosphorus concentrations increase
rapidly, beginning a few meters above the oxic-anoxic interface,
and they continue to increase with depth to the lake bottom.
Ammonia, a product of anoxic, biological respiration, is present

at low levels throughout the upper lake but attains high con-
centrations below 60 meters.

The data in table 2 allow questions concerning nutrient limita-
tion and low productivity to be addressed. On the strength of
these values, Lake Vanda is not nitrogen-limited but rather is
phosphorus-limited at all depths. At 48 meters, for example,
there are 841 nitrate nitrogen atoms for every one of
orthophosphate phosphorus (compare this to the 16-to-1 ratio
found in marine plankton). Because the supply of nutrients to
Lake Vanda contains dissolved nitrogen and phosphorus in a
16-to-1 ratio, it is likely that the excess nitrogen required for high
water-column ratios of nitrogen and phosphorus is at least in
part explained by a diffusional input of nitrogen into the upper
lake from the brine. Details of nutrient distribution in the lake
are being developed for a separate paper.

If we consider the water column nutrient distributions and
the low phosphorus concentrations above the chemocline, the
greater biological activity observed by Goldman in the 57-60
meter region can now be attributed to the enhanced availability
of dissolved phosphorus at these depths, rather than to in-
creased temperature. The algae in the waters between 57 and 60
meters are exposed to an optimum combination of diffusionally
derived phosphorus from the anoxic zone below and to a still
sufficient input of sunlight from above.

Using data collected during the 1980-1981 field season, it is
possible to compute a true steady-state residence time for phos-
phorus in the upper lake and an apparent residence time for
nitrogen in the same region. Here residence time is defined as
the ratio of the total mass of an element in a reservoir to its
annual rate of input. The relatively low concentrations of phos-
phorus in the water column suggest that this element has proba-
bly attained a true steady state over the past 1,000 years, where-
as nitrogen may still be accumulating in the upper reservoir. For
nitrogen we therefore report an "apparent" residence time
value.

The Onyx River is the only important input for phosphorus to
the upper lake, but for nitrogen, inputs from both the Onyx
River and diffusional inputs, from the lower lake, must be
considered. We calculate the upper lake residence time for
phosphorus to be 66 years; for nitrogen the apparent residence
time is 250 years. From these considerations it appears that
phosphorus is more rapidly removed from Lake Vanda's mix-
olimnetic waters than nitrogen. This conclusion agrees well
with observations regarding nitrogen to phosphorus ratios,
where the aforementioned dramatic increase in nitrogen/phos-

Table 1. Average concentrations of nutrients in the Onyx River during 1980-1981 flow seasona

PO4-P	 PO4-P	 PO4-P	 NO3-N
(dissolved)	 (total)	 (condensed)	nitrate nitrogen

Dissolved orthophosphate Total phosphorus	condensed phosphorus

1.2
	

6.2
	 1.7

	 8.2

NO2-N
nitrite nitrogen

after
17 December

1980 (see
figure 2)

NH,-N
ammonia nitrogen

nd.

a In micrograms per liter.
b "nd." denotes not detected.
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Table 2. Water column nutrient, chloride, and dissolved 0 2 concentrations in Lake Vandaa

Depth	PO4-P(T)	 POP(D)	 NO3-N	NO2-N	NH,-N
(in meters)	total phosphorus	dissolved orthophosphate	nitrate	nitrite	ammonia	Chloride	Dissolved

nitrogen	nitrogen	nitrogen	 oxygen

5
	

11.0
	

0.60
	

84.7
	

0.64
	

293
	

12.2
15
	 9.9	 0.78

	
80.7
	

0.60
	

6.0
	

356
	

15.9
25
	

7.3
	

0.87
	

63.9
	

0.44
	

493
	

14.8
35
	

7.0
	

0.73
	

62.9
	

0.38
	

0.0
	

510
	

15.6
45
	

7.0
	

0.40
	

96.0
	

0.42	 1,040
	

14.3
48
	

12.5
	

0.40
	

152
	

0.44	 3.2
	

1,550
	

13.1
51
	

7.4	 < 0.01
	

1,008
	

3.05
	

1.6
	

8,220
	

11.5
54
	

15.8
	

0.66
	

2,000
	

10.6
	

58
	

17,600
	

12.7
57
	

22.4
	

1.3
	

951
	

3.0
	

1,560
	

30,000
	

4.7
60
	

87.1
	

20.4
	

0.0
	

0.0
	

7,100
	

49,300
	

0.0
65
	

215
	

100
	

0.0
	

0.0
	

7,100
	

67,400
	

0.0

a All nutrients are micrograms per liter. Chloride is in milligrams per liter. Dissolved oxygen is in milliliters per liter.
TQrii and Yamagata (1981).

denotes no data taken.

phorus values occurred in going from the Onyx River to the lake
itself.

Phosphorus is not likely to be removed from the upper lake
entirely by biological particles (algae). The concentration of
chlorophyll a in this region is about 0.05 micrograms per liter
(Jones personal communication), corresponding to a biolog-
ically bound phosphorus concentration of only 0.03 micro-
grams per liter. This is roughly 200 times less than the actual
amount of particulate phosphorus in the lake, suggesting that
the remainder is inorganically bound. Knowing the strong af-
finity of dissolved ionic phosphate for iron oxide surfaces, such
an association with iron in Lake Vanda could reasonably ac-
count for significant phosphorus removal from the water
column.

Phosphorus and nitrogen behave quite differently in the Lake
Vanda-Onyx River system. Like the trace metals (Green and
Canfield in preparation-b), phosphorus shows little tendency to
accumulate in the water column, except in and just above the
anoxic zone. The major removal mechanisms for phosphorus
from the upper lake are likely to include sorption onto inorganic
surfaces and uptake by algae. Nitrogen, on the other hand, is
characterized by a much longer apparent residence time, sug-
gesting that it, like the major ions, tends to accumulate to some
extent in this closed-basin lake.

The results presented here suggest that productivity in Lake
Vanda is limited by low areal phosphorus loads from the Onyx
River and by the absence of phosphorus recycling within the
lake. The relative abundance of water column nitrogen can be
attributed to nitrogen "pumping" from the anoxic brine into the
water above. This latter phenomenon is dependent of course
upon the lake's history-upon the evaporation and filling cycles
discussed by Wilson-and it points out the need to link the
biological present of these systems with their geochemical past.
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