
In January 1991, we resampled the soil using sterile tech-
niques. Soil temperatures were significantly higher inside the
chambers. Total densities of Scottnema, a bacterial-feeding ne-
matode, were significantly greater on all treatments after 1 year,
whereas the densities of the larger omnivore/predator, Eudory-
laimus, were unchanged. The most significant effect of treat-
ments was noted with the combination treatment of increased
temperature plus carbon plus water where the densities of
Scottnema males increased significantly over the control. This
may indicate that Scottnema, a dominant genus endemic to the
McMurdo Dry Valleys is a sensitive indicator of soil environ-
mental change.

This work was supported by National Science Foundation
grants DPP 88-18049 and DPP 89-14655. The authors acknowl-
edge the contributions of their technical assistant during the
1990 and 1991 seasons, John T Freckman.
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Microorganisms entrapped
in glacial ice
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We have been interested in reviving ancient microorganisms
entrapped in glacial ice. These organisms have potential for use
in studies on the mode and tempo of evolution. Our work has
been in two phases: first, to develop techniques for avoiding
recent external contamination and, second, to use these tech-
niques to isolate microbes from ice cores obtained from glaciers
in Greenland.

Protocol for isolating microorganism from ice. There are two major
problems associated with recovering microorganisms from gla-
cial ice. The first is to ensure that recent contaminants intro-
duced during drilling, handling, and transportation are de-
tected and avoided. The second is to find rare organisms
without damaging or killing them with the techniques used to
eliminate the recent contaminants.

Experiments with artificially manufactured ice-core sections
showed that liquid sterilants such as sodium hypochlorite, and
ethanol were either partially effective for exterior sterilization
or resulted in considerable death for microorganisms found in
the interior. We thus abandoned the use of liquids as a means
of eliminating exterior contaminants. The procedure we devel-
oped employs ultraviolet sterilization of the ends of the ice core
followed by aseptic mechanical extraction of an interior core in
a laminar flow hood at -20 °C. This results in an intact hollow
outer (contaminated) piece and a solid interior piece (containing
organisms of interest). Extraction is accomplished by wrapping
the core with black paper and holding the paper in place with
aluminum foil leaving 4-5 millimeters of ice on each end totally
exposed. This wrapped core is placed on a plastic petri dish
and the exposed end pieces are irradiated with 28,620 joules
per square meter of ultraviolet light. The incident beams of
ultraviolet light are perpendicular to long axis of the ice core
section to minimize ultraviolet exposure to the interior ice. The

dosage is in excess of what is necessary to provide a sterile
surface at both ends of the ice. This subsection of ice is placed
into a sterilized vise for the aseptic, mechanical extraction of
an inner core. From one of the sterile ends three to four 4
millimeter holes are drilled aseptically through the ice (parallel
to the long axis) exiting at the other sterile end. A sterile saw
blade is inserted into a hole and an interior piece cut out by
sawing from hole to hole. This inner piece is aseptically re-
moved. This method results in a 30-70 percent recovery (by
volume) of noncontaminated ice from the original core.

Melting is accomplished by moving the pieces into another
laminar flow hood at 25 °C. Meltwater is collected into chemi-
cally clean, sterile 1-liter Erlenmeyer flasks. The unfiltered
meltwater is used as a source for plating and inoculation of 10
different culture media (petri dishes and broth tubes). The re-
maining meltwater is filtered (millipore, 0.45 micrometers) un-
der low vacuum pressure (30-50 millimeters of mercury). The
filter paper is placed on a petri dish containing malt extract
agar (a complete medium for the growth of fungi). All inocu-
lated media, broth tubes and petri dishes with filters are in-
cubated at 8 CC and inspected for growth of microorganisms at
1, 3, and 6 weeks. The petri dishes and tubes are then moved
to a 15 °C growth chamber for 2 weeks, followed by 1 week at
20 °C. Media for the cultivation of algae are incubated under
constant light (full spectrum, 50-watt bulb at 8 °C).

Microbes isolated from glacial ice in Greenland. To date, 12 core
sections from GISP2 (cores B and D), Dye-3 1971 and Dye-3
1979 have been melted. Microorganisms were recovered from
all sections of ice we have studied (tables 1 and 2). Isolates
present on the most recently inoculated plates have not been
identified as yet. Table 1 summarizes the number of unique
species recovered from each subsection. Table 2 lists the species
recovered from each section. Species present in more than one
subsection of the same section are indicated by an asterisk
(table 2). Except for nonsporulating fungi, most of the filamen-
tous fungi have been identified to genus and several to species.
The identification of yeasts, bacteria, algae, and remaining fila-
mentous fungi is in progress.

Discussion. The results show that it is possible to obtain a
variety of microorganisms from the interior of ice cores. It is
also encouraging that some taxa were recovered from more
than one section and depth and thus multiple isolation of the
same taxon of progressively older age is feasible. The isolates
from the interior core and exterior shell basically fall into two
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Table 1. Results of ice core microorganism isolation.
The number of distinct isolates is listed for each subsection.

Inner core	Outer shell

	

Bac-	 Bac-
Core number  Depth (m)b teria Fungi Algae teria Fungi Algae

GB-63-1	62.000	2	5	 6
GB-63-2	62.155	2	 2
GB-63-3	62.225	 2
GB-63-4	62.300	1	2	 2
GD-131-1	130.000	1	1	 2
GD-131-2	130.102	1	5	 2
GD-131-3	130.185
GD-i 35-1	134.000
GD-i 35-2	134.203
GD-226-1	225.000	2	 5
GD-226-2	225.205	2	 2
GD-326-1	325.000	1	 1
GD-326-2	325.160	2	 2
D3/71-49-1	158.569	1	1
D3/71 -49-2	158.729
D3/71-49-3	158.794
D3/71-49-4	158.879

a Greenland ice core sections used in this study (GB-63-1 = GISP2-13
core, tube number 63, subsection 1; GD = GISP2-D core; D3!71 =
Dye-3 core, 1971).
Depth of core subsection (i.e., depth from glacier surface). Subsection
1 is at the top of core section. Subsection length varies from 0.160 to
0.330 meters.

NOTE: Blank cells = 0.

unique groups of species with little overlap within a subsec-
tion. These results in conjunction with our previous experi-
ments on artificially contaminated cores indicates that the me-
chanical subcore procedure and isolation protocol is effective
in preventing exterior contaminants from invading the inner
core.

The organisms we have isolated are among those isolated by
previous researchers that are tolerant of low temperatures (C/a-
dosporium sphaerospernum, Horak 1960, Sun, Huppert, and
Cameron 1978; Penicillium oariabile, Cooke and Lawrence, 1959;
Micrococcus spp. and Sarcinia spp., Johnson, Madden, and
Swafford 1978; Chrysophyta spp., Lavrenko, 1966), low oxygen
tensions (e.g., Leptothrix lopholea, Staley et al. 1989) and pro-
longed aerial transport (Cladosporium spp., Penicillium spp. and
Phorna hibernica, Sun et al. 1978; Micrococcus sp., Johnson et al.
1978; Crysophyta spp., Brown, Larson, and Bold 1964). Reports
of recovery of viable microorganisms from deep subsurface
environments have usually been restricted to those from mud
cores (Cross and Atwell 1974), deep aquifers and other subsur-
face sediments (BalkwiIl 1989, 1990; Beeman and Suflita 1990).
A number of studies on microorganisms from snow (Ling and
Seppelt 1990) and sea ice (Garrison, Sullivan, and Ackley 1986;
Vargo, Fanning, and Bell 1986; Kottmeier et al. 1987) have been
conducted; however, only a few attempts have been made to
recover viable microorganisms from deep glacial ice (Abyzov,
Bobin, and Kudriashov 1986). Our isolates from Greenland ice
cores are similar to those reported from deep ice cores in Ant-
arctica by Abyzov et al. (1986) and, thus, the prospect for ob-
taining the same taxon for evolutionary comparisons is prom-
ising.

This research was supported by National Science Foundation
grant DPP 90-01520.

Table 2A. Identifications of microorganisms isolated from Greenland ice core sections
(dry drilled)

NOTE: Bacteria are underlined. Filamentous fungi are given in italics. Yeasts are given in bold and algae are in plain text. The yeasts and algae are not
fully identified. An asterisk indicates that this species was isolated more than once from that section.

Inner core

Cladosporium sp.
sphaerospermum
Geotrichum sp.
Phoma sp. 1*
Exophiala sp. 1
white yeast sp. 1 *
Rhodotorula sp. 2
Rhodotorula sp. 3

Sarciniasp. 1*
Sarcinia sp. 2
Micrococcus sp. 1
Penicillium sp.1 *

Rhodotorula sp. 1*
white yeast sp. 1
white yeast sp. 3
Sarciniasp. 1*

Identification
Outer shell

Acremonium sp. 1
Auerobasidium pullalans*
Basipetospora sp. 1
Cladosporium herbarum

Penicillium sp. 1
Phoma sp. 1
dematiaceous, sterile sp 1*
dematiaceous, sterile sp 2

Rhodotorula sp. 1 *
mycelial yeast
Alternaria sp.
Cladosporium herbarum
Exophiala sp. 1

white yeast sp. 2
Chloromonas polyptera
Sarcinia sp. 1

Sampling depth
Core number'	 (in meters)

GISP2-B-63	 62.300

GISP2-D- 131	 130.185

a Number for identifying core in sequence.
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Table 2B. Identifications of microorganisms isolated from Greenland ice core sections
(wet or thermal drilled)

NOTE: Bacteria are underlined. Filamentous fungi are given in italics. Yeasts are given in bold and algae are in plain text. The yeasts and algae are not
fully identified. An asterisk indicates that this species was isolated more than once from that section.

Sampling depth
Core number 	 (in meters)

GISP2-D-135	 134.203

GISP2-D-226	 225.205

GISP2-D-326	 325.160

Dye 371491	 158.879

a Number for identifying core in sequence.
b Thermal drilled core.

Identification
Inner core	 Outer shell

Sarciniasp. 1*	 Phomasp. 1
Rhodotorula sp. 1
Chrysophyta sp. 1 (cyst)

Aspergillus sp. 2	 Acremonium sp. 1
Penicillium sp. 1	 Basipetospora sp. 1
Penicillium sp. 3	 Cladosporium herbarum

Penicillium sp. 1
Rhodotorula sp. 3*	 Penicillium so. 4

Phoma sp. 2
Chrysophyta sp. 1 (cyst)

Rhodotorula sp. 1
Rhodotorula sp. 3
Chrysophyta sp. 2 (cyst)

Aspergil/us sp. 2	 Exophiala sp. 3
Exophiala sp. 1 *	 Penicillium sp. 1
Penicillium variabile	 Penicillium sp. 2
Sarcinia sp. 1*	 Phoma sp. 1
Phoma sp. 2
Chrysophyta sp. 3 (cyst)
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