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Ozone-dependent ultraviolet effects vs. ultraviolet-B specific
effects on primary productivity in the southern oceans:

How and when to consider
a spectral correction of direct field measurements

NIcoLAs P. BOUCHER and BARBARA B. PREzELIN, Department of Biological Sciences and Marine Science Institute,
University of California, Santa Barbara, California 93106

I
n this article, we describe how a spectral weighting function
for ultraviolet (UV) (A+B) inhibition of phytoplankton pri-

mary productivity might be applied as a spectral correction
for direct measurements of UV-B inhibition in field incuba-
tors with imperfect UV-A optics. We use the Icecolors'90
experimental setup to illustrate the following:

in our calculations (and in those of others), some UV-A
radiation is responsible for some apparent UV-B inhibi-
tion;
use of recently published biological weighting functions
suggests that a small portion of the photosynthetic inhibi-
tion attributed to UV-B radiation actually may be due to
UV-A radiation;
the magnitude of the possible correction for LTV-A inhibi-
tion inside UV-B incubators will depend on the spectral
properties of the incubator and the spectral balance of
UV(A+B) radiation in the external light field; and, most
important,
application of these possible corrections to our Icecol-
ors'90 database does not change the overall conclusion
that, during the austral spring of 1990, atmospheric ozone
(03) depletion and associated increases in UV-B radiation
over the southern oceans resulted in at least a 6-12 percent
loss of primary productivity in the marginal ice zone
(Smith et al. 1992; Prézelin, Boucher, and Smith 1993, in
press; Prézelin, Boucher, and Schofield in press). One

caveat of the presentation is whether the action spectra
used in these analyses are universally applicable to field
communities. Another is that this correction is valid only if
one wants to quantify UV-B effects alone. Because 03 mol-
ecules absorb strongly in the UV-B and weakly in the UV-
A, it may be valid not to correct for minor amounts of stray
UV-A.

Figure 1A compares the transmittance spectra of the Ice-
colors'90 UV-B transparent incubator with the incubator that
attempted to eliminate UV-B radiation [280-320 nanometers
(nm)]; whereas both incubators retained transparency to UV -
A radiation (320-400 nm) and photosynthetically available
radiation (PAR, 400-700 nm). Phytoplankton samples, sealed
in nontoxic polyethylene bags (Prézelin and Smith 1993),
were incubated in these chambers to determine the rates of
carbon fixation in the presence and absence of UV-B radia-
tion.

Productivity in the absence of UV-B radiation is generally
greater than in the presence of UV-B radiation, and the differ-
ence is attributed to IJV-B photoinhibition. This experimental
design is common to UV field studies in Antarctica (Stephens
1989; Helbling et al. 1992), although the spectral properties of
the various incubators differ significantly (Prézelin et al. in
press). Figure lB illustrates the spectral composition of light
which might be deemed UV-B exposure (Ejflc,uB). The spec-
trum results from multiplying the difference spectrum on fig-

Figure 1. A. Transmittance spectra of the UV-B and UV-A incubator used during Icecolors'90. In the UV-B container (solid line), samples were
incubated in a polyethylene bag in ultraviolet transparent (UVT) plexiglas [0.64 centimeters (cm)]. In the UV-A container (dashed line), samples
were incubated in a polyethylene bag in UVT plexiglas (0.32 cm) layered with a mylar sheet (0.125 mm). B. Difference spectra between: the
irradiance in the UV-B and the UV-A incubator [E 10 uv, microwatts per square centimeter ([LW cm- 2)] C. The relative weighted irradiance (or
relative inhibition) for the difference spectra between the UV-B and the UV-A incubator (Fl jflc uv B). Fljncuvo was obtained by multiplying Ejncuve
by the biological weighting function for phytoplankton photosynthesis (Cullen et al. 1992) for Phaeodactylum sp. (solid line) or Prorocentrum
micans (dashed line). The action spectra were normalized to 1 at 286 nm for purposes of comparison. Irradiance at the surface was measured
using a light and ultraviolet submersible (LUVSS) spectroradiometer (see Smith et al. 1992) on 10 November 1990 at 1200 local ship time (1500
Greenwich mean time). The overhead 03 concentration was 200 DU.
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Estimates of the fractional inhibition of UV-B radiation on primary production inside and outside the antarctic ozone
hole. Spectral corrections for possible UV-A "leakage" into the UV-B calculations were either ignored (none) or based on
the biological weighting functions (Cullen et aL 1992) determined for laboratory cultures of the diatom Phaeodactylum
sp. (Ps) or the dinoflagell.ate Pro rocentrum micans (Pm).

Spectral
calculation

p
Low 03
(195 DU)

High 03
(360 DU)

Change

none	 (Ps)

0.35	 0.49

(0.165)	(0.081)

13.4	 10.0

8.4	 4.8

5.3	 5.2

(Pm)	 none

0.47	 0.47

(0.089)	(0.001)

11.2	 39.3

5.5	 20.0

5.7	 19.3

(Ps)
	 (Pm)

0.75	 0.75

(0.001)	 (0.001)

25.2	 29.8

11.6	 13.9

13.6	 15.8

ure 1A by the spectral irradiance of sunlight inside the 0 3 hole
(not shown, see Smith et al. 1992). It is evident that the dam-
aging light attributed solely to UV-B does, in fact, contain a
minor amount of UV-A radiation. This is also true of all other
known field UV-B incubation systems. This "stray" UV-A radi-
ation may have a photoinhibitory effect that is falsely attrib-
uted to UV-B radiation. The percentage of UV-B radiation
within Ejflc,uB will covary with the EUIJB to ETOtaI ratio and
will, therefore, be inversely proportional to atmospheric 03
concentration, zenith angle, and depth in the water column.
As a consequence, overestimation of UV-, B inhibition (and
subsequent underestimation of UV-A inhibition) will be more
pronounced inside the 03 hole than outside, at the surface
than at depth, and at the beginning of the day than at midday.
Any algorithm attempting to correct for this light "leakage"
must take into account the spectral shape of the irradiance at
the depth of incubation and over the incubation period.

When figure lB is further multiplied by the action spec-
trum for UV inhibition of photosynthesis in either the diatom
Phaeodactylum sp. or the dinoflagellate Prorocentrum micans
(Cullen, Neale, and Lesser 1992), a biologically weighted irra-
diance spectrum for UV photoinhibition of carbon fixation
rates is resolved (figure lCD. Fractional inhibition by any spec-
tral bandwidth is determined by portioning its area under the
curve to the total area. UV-B inhibition is calculated by sub-
tracting the contribution due to UV-A inhibition from the
total inhibition.

Using the spectral algorithm for both action spectra, we
calculated the fractional inhibition due to UV-B (FI 11 ) for
the Icecolors'90 in situ measurements. Figure 2 compares the
dose-response curves with and without the spectral correc-
tion for UV-A photoinhibitory effects. Estimates of 0 3-depen-
dent FIUVB for 03 concentrations representative of inside and
outside of the 03 hole, made with and without a spectral cor-

0.02	0.03	0.04	0.0

j0 QUVBdt (hours)
Qrordt

Figure 2. In situ fractional inhibition of PAR rates of photosynthesis
due to UV-B radiation (FI UVB) vs. the length of exposure multiplied
by the in situ UV-B radiation (Quv& integrated over the incubation
time and normalized to the integrated in situ total radiation (Q-roT)
for the same time period for surface (thin lines) and subsurface (bold
lines) samples. The FI UVB were calculated with no spectral
correction (dotted lines) or with spectral correction using the
biological weighting function for phytoplankton photosynthesis for
Phaeodactylum sp. (solid lines) or Prorocentrum micans (dashed
lines). Arrows represent typical exposure inside (195 DU) and
outside (360 DU) the 0 3 hole at the surface (solid arrows) and at 5 m
(dashed arrows).
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rection, are compared in the table. Results showed the follow-
ing:
• the background UV-B inhibition [outside the 0 3 hole, 360

Dobson units (DU)] during the springtime in the Bellings-
hausen Sea was 5 percent at the surface and 12 percent
below the surface [5 to 25 meters (m)];

• there was an additional 5-16 percent decrease in rates of
primary production in the upper part of the water column
due to 03 depletion from 360 to 190 DU; and

• these estimates are dependent upon the shape of the
action spectra and, therefore, when measuring an action
spectrum, as much attention should be placed on assess-
ing the effect of UV-A radiation as the effect of the highly
damaging UV-B radiation.

This work was supported by National Science Founda-
tion grant OPP 89-17076. We thank R.C. Smith and K. Waters
for making the irradiance data available to us. (This is Icecol-
ors contribution number 6.)
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Antibiotic resistance of intestinal bacteria from the
indigenous fauna of McMurdo Sound, Antarctica

JAMES HOWINGTON, BARBARA KELLY, JAMES J. SMITH, and GORDON A. MCFETERS, Department of Microbiology,
Montana State University, Bozeman, Montana 59717

B
ecause of the extensive use of antibiotics in health care,
most enteric bacteria shed in fecal material from the

human intestinal tract exhibit some resistance to antibiotics.
The digestive tracts of indigenous animal populations, unex-
posed to antibiotic treatment, can be colonized after ingest-
ing food or water contaminated with sewage that harbors
antibiotic-resistant bacteria (Rolland et al. 1985). The lack of
wastewater treatment at McMurdo Station, Antarctica, and
the extent of the resulting sewage plume (McFeters, Barry,
and Howington 1993; Howington et al. 1993), greatly increase
the exposure of indigenous animal populations, such as seals,
fish, skuas, and penguins, to enteric bacteria of human origin.
Such circumstances also present the potential for the colo-
nization of their intestinal tract by these bacteria. Screening
fecal samples from populations of indigenous animals, never
treated with antibiotics, for abnormally high numbers of
antibiotic-resistant bacteria would indicate possible coloniza-
tion by enteric bacteria of human origin. Based on the
hypothesis that indigenous fauna in contact with the waste-
water discharge at McMurdo Station are colonized by human

intestinal microflora, as has been shown to be the case in
baboon colonies exposed to human waste (Rolland et al.
1985), intestinal bacteria in fecal samples were collected from
the indigenous animal populations in McMurdo Sound and
tested for antibiotic-resistance markers. This information was
then compared to resistance patterns of coliform bacteria iso-
lated from the sewage outfall.

In collaboration with Ward Testa and Arthur DeVries, we
collected, for microbiological analysis, fecal isolates from
indigenous animals. By swabbing the rectal areas using sterile
cotton swabs, we collected samples from seals that had
hauled out in the immediate vicinity of the McMurdo Station
wastewater discharge. Swabs were then placed into sterile
Whirlpak® bags and immediately stored to prevent freezing.
Again using sterile cotton swabs, we collected freshly voided
penguin feces prior to its freezing. These samples were also
placed in sterile Whirlpak® bags and immediately stored to
prevent freezing. We also collected seal and penguin samples
at pristine locations such as Big Razorback Island, ice edge,
and Cape Washington.
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