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Variation in light
attenuation by the permanent

ice cap of Lake Bonney
during spring and summer

JOHN C. PRISCU

Department of Biological Sciences
Montana State University
Bozeman, Montana 59717

Photosynthetic organisms living in the antarctic lakes of the
McMurdo dry valleys experience a unique light regime because
of the large variation in incident irradiance and because of the
characteristics of the permanent ice cap. Although numerous
records of incident irradiance exist at the latitude of these lakes
(about 77S), there have been few reports of continuous under-
water irradiance in them. My field team has observed large
differences in opacity of the Lake Bonney ice cap, differences
that might influence water-column photosynthesis, prompting
us to make continuous, concomittant measurements of indicent
and underwater irradiance.

This article presents quantitative data on changes in ice opac-
ity of the ice cap on the east lobe of Lake Bonney during the
1989-1990 austral summer.

Incident irradiance was measured with a LICOR cosine cor-
rected quantum sensor connected to a Campbell data logger
set at a 10-minute logging interval. When the quantum sensor
was not available, incident irradiance was measured with a
LICOR pyranometer sensor. Regression analysis on data col-
lected concurrently with both air sensors (r2 = 0.99; degrees of
freedom = 2351) was used to estimate incident quantum flux
during periods when the latter was not measured directly. Un-
derwater quantum flux was measured with a LICOR spherical
sensor connected to a LICOR LI-1000 data logger (10-minute
logging interval). The underwater sensor was set at 10 meters
beneath the piezometric water level (about 6 meters beneath
the top of the 4.2-meter-thick ice cap). Irradiance immediately
beneath the ice cap was computed using an exponential equa-
tion (i.e., Beer's Law) in conjunction with underwater extinc-
tion coefficients measured at approximately weekly intervals.

Integrated daily incident and underwater irradiance (imme-
diately beneath the ice) between 16 November 1989 and 20
January 1990 are shown in figure 1. Incident irradiance gradu-
ally increased until mid-December and then decreased whereas
underwater irradiance declined sharply during the first week
in December and remained relatively constant to the end of the
study period. A scatter plot of under-ice irradiance versus in-
cident irradiance revealed two trends (figure 2). Early season
data (29 November to 3 December 1989) had a higher slope
(slope= 0. 032; r 2 =0.95) than data logged between 4 December
1989 an 8 January 1990 (slope = 0.017; r' = 0.96). Based on these
slopes, light transmission through the ice decreased from 3.2
percent to 1.7 percent during the first week in December, a
period when casual observations noted a significant increase
in ice fractures near the surface of the ice cap. The attenuation
coefficient of the ice cap increased from about 0.81 per meter
to about 0.98 per meter over the same period.

Embedded within these seasonal trends is a daily trend in
the percentage of light transmission through the ice. Figure 3

shows daily traces of the percentage of transmission through
the Lake Bonney ice cap between 15 November and 24 Decem-
ber 1989. Before the ice cap became more opaque, the daily
variation in the percentage of light transmission varied from
about 3.2 to 6.0 percent. The highest transmission always oc-
curred near local midnight (when direct solar radiation is
shielded by local mountains) and the lowest when the Sun was
at its highest angle to the ice surface. This variation is presum-
ably related to the degree to which incident irradiance is re-
flected from the surface of the ice; direct solar radiation which
impinges directly upon the ice surface near local noon is re-
flected to a relatively greater extent than the more diffuse ra-
diation which occurs near local midnight. This contention is
supported by the fact that light transmission was greatest on
cloudless days. (Compare the variation for the cloudless days
between 18 and 23 December with the previous few days when
there was almost total cloud cover.) The amplitude of daily light
transmission also changed considerably after the ice became
less transparent. The percentage of transmittance at local mid-
night was about 75 percent greater than at local noon before 4
December; this factor dropped to about 38 percent when the
ice became more opaque after 4 December.

The variability in underwater light transmission caused by
the permanent ice cap of Lake Bonney can influence the pho-
tophysiology of phytoplankton existing in the water column.
Because of the lack of turbulence in Lake Bonney (Spigel, Shep-
pard, and Priscu 1990; Spigel et al., Antarctic Journal, this issue),
one might hypothesize that the light regime of a particular
phytoplankton population is regulated completely by changes
in solar angle and local meteorological conditions. This data set
shows that the permanent ice cap on this lake can induce sec-
ond-order variations in the underwater light field that should
also be considered when examining primary production in ice-
covered lakes.
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Figure 1. Variation in daily integrated incident and underwater (im-
mediately below the 4.2-meter ice cap) irradiance (moles quanta
per meter squared per day) in the east lobe of Lake Bonney be-
tween 16 November 1989 and 20 January 1990.
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Figure 2. Scatter plot of underwater irradiance (immediately beneath the ice cap) against incident irradiance (micromoles quanta per meter
squared per second). "X" denotes data between 20 November 1989 and 3 December 1989; "0" denotes data between 4 December 1989
and 8 January 1990.
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Figure 3. The percentage of transmission of incident solar radiation through the ice cap on Lake bonney between 15 November 1989 and
24 December 1990. The peaks always occur near local midnight whereas the valleys always occur near local noon. Data were logged at
10-minute intervals.
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