
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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All swabs were returned to the laboratory and immedi-
ately streaked onto tryptone lactose yeast extract (TLY) agar
plates and incubated for up to 24 hours (h) at 37°C. Colonies
were picked from the agar with a sterile loop and restreaked
on TLY incubated at 37°C for 12 h. Isolated colonies were
placed onto TLY slants and transported to Montana State
University.

Fish were collected in the McMurdo Station sewage
plume, as well as at pristine locations, and returned to the lab-
oratory. The animals were killed, and for each the skin, gills,
kidney, liver, stomach, and intestine were tested for the pres-
ence of bacteria by placing approximately 2 grams (g) of each
tissue type in TLY broth and incubating at 37°C for 24 h. Fol-
lowing incubation, a loop of broth was streaked onto TLY agar
plates to isolate colonies. Isolated colonies were placed onto
TLY slants to be transported to Montana State University.

Sea water samples contaminated with sewage were col-
lected at a depth of 17 meters (m), approximately 1 m above
the end of the outfall pipe, using a Niskin ® bottle, and placed
into sterile 1-liter (L) polyethylene bottles. The bottles were
transported to the laboratory and 10 milliliters (mL) of sample
was filtered through 0.45-micrometer (gm) filters (Millipore,
Corp.) then placed on Tergitol 7 agar (Difco) supplemented
with TTC. The filters were incubated for 24 h at 35°C. Typical
isolated colonies were picked from the agar with a sterile loop
and streaked onto TLY incubated at 37°C for 12 h to isolate
bacteria that may have formed a mixed colony. Isolated
colonies were placed onto TLY slants to be transported to
Montana State University.

Upon returning to Montana State University, antimicro-
bial resistance patterns were determined using the antimicro-
bic susceptibility test system (Difco). Cultures were streaked
and incubated at 37°C for 12 h to isolate colonies; four to five
isolated colonies from each culture were suspended in 5 mL
of Mueller Hinton Medium (Difco) and mixed for 10 seconds
(s). The resulting culture suspensions were used to inoculate
the entire surface of Mueller Hinton Agar (Difco) plates; two

plates were used for each isolate. The plates were allowed to
dry 5 to 10 minutes (mm), and the following antibiotic sus-
ceptibility disks were placed on the agar surface to determine
the animicrobiotic resistance patterns: tetracycline (Te 30),
streptomycin (S 10), penicillin G (P 10), nitrofurantoin (Fd
300), nalidixic acid (Na 30), kanamycin (K 30), gentamicin
(GM 10), chioramphenicol (C 30), cephalothin (Cr 30), and
ampidihin (Am 10). Plates were incubated 12 h, and the inhi-
bition patterns were determined.

A total of 100 samples, in addition to several coliforms
isolated from the outfall, was collected and screened for
antibiotic resistance. Of the bacterial isolates tested, none of
those from the indigenous animal population showed antibi-
otic resistance, and many showed extreme sensitivity to
antibiotics. Resistance bacteria were isolated from the sewage
outfall in large numbers, as anticipated. Comparison of the
antibiotic-resistant data collected from the animal popula-
tions present in McMurdo Sound to the resistance patterns of
coliforms isolated from the outfall over the three field seasons
(1990, 1991, and 1992) indicate no colonization of indigenous
fauna with human intestinal bacteria.

The technical and logistical assistance of S. Kottmeier, L.
Shervie, K. Larsen, and A. Brown as well as numerous others
with Antarctic Support Associates and the National Science
Foundation is gratefully acknowledged. This study was sup-
ported by National Science Foundation grant OPP 90-19059.
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Survival and recoverability of enteric bacteria exposed
to the antarctic marine environment

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

elease of untreated sewage into the marine environment
rom antarctic bases presents several unique conditions

that may allow the entrained human enteric bacteria to per-
sist for extended periods. Cold temperatures are known to
extend the survival of enteric bacteria (Lessard and Sieburth
1983). In addition, marine predation rates of indigenous het-
erotrophic nanofiagellates, as well as activity in general,
appear lower at reduced temperatures (Anderson, Rhodes,

and Kator 1983; Putt, Stoeker, and Altstatt 1991). Enteric bac-
teria exposed to environmental stress may also sustain sub-
lethal injury, precluding colony formation and detection on
standard laboratory media used for enumeration while
remaining viable in the environment. These bacteria also
enter a "viable, but non-recoverable" state in aquatic systems,
where they focus available energy on environmental adapta-
tion and survival (Roszak and Colwell 1987). We report the
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