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Does iron inhibit cryptoendolithic
microbial communities?
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Photosynthetic activity of three cryptoendolithic microbial
communities was studied under controlled conditions in the
laboratory. In two of these communities, the dominant organ-
isms were lichens, collected from Linnaeus Terrace and from
Battleship Promontory. The third community, dominated by
cyanobacteria, was collected from Battleship Promontory. Both
sites are in the ice-free valleys of southern Victoria Land. Pre-
vious efforts have shown how physical conditions can influence

metabolic activity in endolithic communities (Kappen and
Friedmann 1983; Kappen, Friedmann, and Garty 1981; Vestal,
Federle, and Friedmann 1984). Biological activity can also be
strongly influenced by the chemical environment. Inorganic
nutrients such as nitrate, ammonia, and phosphate are often
limiting factors, so their effects on photosynthetic carbon-14
bicarbonate incorporation were investigated. Iron and man-
ganese are two metals present in Linnaeus Terrace and Bat-
tleship Promontory sandstones, and their effects on photo-
synthesis were also studied. The results may add to our
understanding of biogeochemical interactions within this
unique microbial community.

The biotic zones of colonized rocks were excised and crushed
to sand with mortar and pestle. This homogeneous material
was stored at -20°C and manipulated at 4°C. Glass vials were
filled with 1.5-gram aliquots of crushed rock and 0.38 milliliters
of cold (4°C) treatment solution. The treatment solution was
made up of 25 percent test solution and 75 percent bicarbonate
solution. The test solution contained the various inorganic nu-
trients over a concentration range of five logs or distilled de-
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The effects of ferric iron [Fe(lll)] additions on photosynthesis in three different cryptoendolithic communities. "Artificial rocks" are crushed
rock containing various endolithic communities. "LTL" is lichen community from Linnaeus Terrace; "BPL" is lichen community from
Battleship Promontory; and "BPC" is cyanobacterial community from Battleship Promontory. Photosynthesis is shown relative to a no-
nutrient-addition control. Only LTL was incubated with additions of 101 millimole ferric iron, and only BPC and BPL were incubated with additions
of 10 4 millimole ferric iron.
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ionized water in no-nutrient controls. The bicarbonate solution
was made up of 3 milliliters carbon-14 bicarbonate (5 microc-
uries per milliliter) and 12 milliliters bicarbonate (5 microcuries
per milliliter) and 12 milliliters bicarbonate buffer (10 milligrams
sodium bicarbonate per 100 milliliters carbon-dioxide-free dis-
tilled deionized water). The vials were capped with parafilm-
coated corks and incubated in a constant temperature (14°C)
constant light (115 micromoles per square meter per second)
water bath. The carbon-14 labeled lipids were extracted and
analyzed as previously described (Vestal 1985).

There was no significant enhancement of measured photo-
synthesis when nitrate, ammonia, phosphate, manganese or
iron was added in test solutions at concentrations between 10
and 100 millimolar. Phosphate significantly inhibited photo-
synthesis over the whole range of nutrient additions. Dissolved
iron both as ferrous iron and ferric iron had significant effects on
community photosynthesis. Dissolved ferric iron inhibited
photosynthesis at concentrations of 0.1 millimolar in the Lin-
naeus Terrace lichen community and in all three communities at
1 millimolar (see figure). Dissolved ferrous iron was inhibitory
at 1 millimolar in the Linnaeus Terrace community and at 10
millimolar in all three communities studied.

From these data, photosynthetic metabolism in the endolithic
lichen and cyanobacterial communities did not appear to be
limited by the usual limiting nutrients. Neither nitrogen as
ammonia and nitrate nor phosphorus additions had any
positive effect on light-driven carbon-14 bicarbonate incorpora-
tion. Incubations with added phosphate showed photo-
synthesis inhibition over the entire range of nutrient additions.
This inhibition of photosynthetic carbon fixation may be indica-
tive of phosphate limitation, because both nutrient uptake and
carbon fixation require reducing power and adenosine tn-
phosphate (Lean and Pick 1981).

To our surprise, dissolved iron as ferric iron inhibited photo-
synthesis at what may be within the natural concentration range
in the lichen communities. The concentration of iron oxide in

colonized Linnaeus Terrace sandstone is of the order of 1 to 10
millimoles per gram outside the lichen zone (Friedmann 1982).
Iron oxides could be a source of ferric iron possibly of ferrous
iron as well. Lichens produce lichen substances, which leach
metal compounds, leading to 100 times lower iron con-
centrations in the lichen zone than in the surrounding rock. The
results suggest a close coupling between the inorganic iron
geochemistry and photosynthetic activity in the endolithic li-
chen communities where significant iron concentrations occur.

The metabolism of the cyanobacterial community from Bat-
tleship Promontory may not be coupled to iron geochemistry as
in the lichen communities. In the rocks predominantly colo-
nized by cyanobacteria, iron oxides are not apparent. Despite
this lack of a natural source of reduced iron, the cyanobacterial
community responds as do the lichen communities, showing
inhibition of photosynthesis upon ferrous iron and ferric iron
addition.

The field research was supported by National Science Foun-
dation grant DPP 83-14180 to E. Imre Friedman of Florida State
University.
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Microbial populations and activity in
an antarctic freshwater pond

J.S. MAKI

Laboratory of Microbial Ecology
Division of Applied Sciences

Harvard University
Cambridge, Massachusetts 02138

R.P. HERWIG

Department of Microbiology and Immunology SC-42
University of Washington

Seattle, Washington 98195

Numerous lakes and ponds of varying size, salinity, and
trophic condition are found in Antarctica (Heywood 1984;

Smith 1985). However, despite their large numbers, investiga-
tions to determine the activities of microorganisms in these
antarctic waters have been limited (Heywood 1984). Freshwater
habitats ranging from meltwater pools to small lakes are abun-
dant in the area of Arthur Harbor, Anvers Island, and some of
their biological and physico-chemical characteristics have been
the subject of previous investigations (e.g., Parker, Samsel, and
Prescott 1972). To expand our understanding of the ecology of
antarctic ponds, we studied the microbial community and its
activity in a freshwater pond near Palmer Station on Anvers
Island.

Samples were collected from a shallow freshwater pond
(maximum depth 0.6 meter) near Palmer Station (64°46'S
64°05'W), Anvers Island, Antarctica. Water samples were col-
lected every 6 hours over a 24-hour period during February 1986
from both the surface microlayer (air/water interface) and a
subsurface depth of 20 centimeters. Surface microlayer samples
were collected using a glass plate sampler (Garrett and Duce
1980) while subsurface samples were collected by opening a
hand-held sterile 1-liter polypropylene bottle at the correct
depth. Air temperature was recorded from the weather station
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