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THE EFFECT OF ELEVATED TEMPERATURE ON COPPER TOXICITY
TO THE THERMOPHILIC ALGA SYNECHOCOCCUS LIVIDUS (CYANOPHYCEAE)
L. E. Riley'

and M. L. Ostrofsky'

.\bstract.— The hypothesis that temperature influences the toxicity of copper to thermophiHc Cyanophyceae was
was tested at copper concentrations from
to 200 ug/1, and temperatures from 40.0 to 50.0 C. It was found that an interaction between increased copper and
temperature significantly decreased the rate of carbon assimilation, chlorophyll content, and photosviithetic
tested in a laboratory studv with Synechococcus lividtis. This thermophile

efficiency.

Geothermal springs represent a remarkably
unique and stable environment with respect
to a large number of physical and chemical
parameters. The temperatures of these
springs rarely vary more than 2 C throughout
the seasons. A constant flow rate with laminar flow characteristics exists which, among
other things, minimizes the forces of erosion.
Light intensity is high. The area around hot
springs is usually devoid of trees and the water column is shallow. Nutrient replenishment is continuous in the flowing water system, so that nutrient deficiencies probably do
not develop (Brock 1970).
Even in these seemingly ideal conditions,
only a restricted flora

exists.

Due

to the ele-

vated temperatures of the thermal spring environment—approximately 50 C to well

above the boiling point in fumaroles— prokaryotes are usually the sole inhabitants
(Brock

1967a).

The Cyanophyceae present

have an upper temperature limit of 73-75 C.
These algae are not merely subsisting, but are
actually growing and thriving at a given location

(Brock

1967b).

This heat

tolerance

seems to be due to a number of factors, including the thermal stability of their photosynthetic membrane systems, the low Qk, value
of
respiratory
rates
preventing
acceleration to lethal catabolism, the heat

protoplasmic structures
endure
high temperatures without denaturation, and
the lack of competition in the environment
stability of the algal

and the capacity of

their proteins to

(Brock 1974, Lewin 1962). Luxuriant growth
is to be expected in these locations.

However, visible degradation of the algal
mats has occurred in many thermal springs of
Yellowstone National Park. This deterioration

is

particularly noticeable in those areas

which are heavily frequented by visitors.
Changes in water temperature, nutrient
concentration, flow rate, etc., may be eliminated as possible mechanisms for degradation
due to the stability of the environment. An
external factor exists as the remaining possi-

bility— i.e., the introduction of copper coin-

age to the thermal springs (R. A. Hutchinson,
Yellowstone National Park Geologist, pers.
comm.).
Copper has long been widely used as an algicide. The recommended dose for algal control in alkaline water ranges from 0.2 to 2.0
mg/1 (Trainor 1978), but can be as low as 50
jug/l for Chhrella (Bartlett et al. 1974). The
chemical analysis of some of the major thermal springs of Yellowstone National Park indicates the copper concentration ranges from
1 to 9 jug/l (Brock, 1978), which appears to
be much too low for the demonstrated algicidal effects. However, this does not preclude
the possibility of increased toxicity at the ele-

vated temperatures found in the thermal
springs. These temperatures approach the
critical

The

maximum

for life itself.

even
low copper concentration in a thermal environment produce a detrimental effect on
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possibility, therefore, exists that

Great Basin Naturalist

256
algal mats— i.e., an
between copper and

interactive effect exists
heat.

Methods
Axenic cultures of Synecococcus lividus

(R.

Castenholz, Department of Biology, Univer-
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were 0, 50, 100, 150, and 200 /xg Cu/1. Aliquots were then incubated a further 24 hours
after which each treatment was dispensed
into triplicate 125 ml glass bottles for measurement of carbon assimilation, and an

amount was

To each

filtered for chlorophyll analysis.

of the replicate bottles,

we added

Oregon, pers. comm.) were maintained
in a general growth medium (Miller et al.
1978) with a 12-hour light:dark cycle. Cultures were frequently diluted to maintain
cells in exponential growth phase.
Batch cultures were acclimated to a temperature (±0.01 C) for one week prior to
each experiment. Following this acclimation

hours, then membrane filtered and washed
with distilled water. Filters were dried,
placed in omnifluor, and activity measured
by liquid scintillation. Because each treatment was handled in the same manner, radioactive counts per minute (CPM) were di-

period the culture volume was subdivided,
and to each aliquot an amount of copper was
added as CuSO .5H,0. Final concentrations

comparable among treatments.
Chlorophyll-a was estimated from the optical
density of ethanol extracts.

sity of

Table

1.

Relative carbon

assimilation

(counts

5 u Ci of 14-C bicarbonate (New England
Nuclear). Cells were incubated for three

rectly

per minute)

at

jug /I

Cu

concentrations.

Degrees

C

experimental

temperatures and copper
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This procedure was repeated at each of

the chlorophyll concentration of aliquot cul-

growth temperatures: 40.0, 42.5, 45.0,
47.5, and 50.0 C. To facilitate statistical manipulation, all CPM and chlorophyll data
were normalized with respect to the control
treatment (0 /xg/l Cu) to eliminate differences among treatments due to variations in

tures after only 24 hours of incubation in the
presence of copper. Again, at all experimental temperatures there is a significant decrease in chlorophyll with increased copper.
There was also significant interaction
(Fi6 25 = 8.56, p<0.01) between temperature
and copper.
Photosynthetic efficiency as measured by
carbon assimilation per unit chlorophyll similarly decreased with increasing copper concentration (Table 3). Further, there was a sig-

five

starting population density.

Results and Discussion
terms of CPM
experimental
temperatures increased copper concentration
led to decreased carbon assimilation so that,
at 200 jUg, Cu/1 assimilation was less than 5
percent of the control value. Using analysis
of variance for two-way classification (Mendenhall et al. 1977) we found a significant interaction (F,6 125 = 3.31, p<0.01) between
temperature and copper concentration.
Two possible causes for decreased carbon
assimilation include decreased chlorophyll
content per cell and depressed photosynthetic efficiency measured as carbon assimilation per unit chlorophyll. Table 2 shows

Carbon assimilation data
shown in Table 1. At

are

Table

2.

in

all

Chlorophvll-a concentrations

concentrations.

(jug/l)

nificant

interaction (Fig 125= 12.44,

p<0.01)

between temperature and copper.

From

these data

it

appears that copper

in-

teracting with temperature can cause signifi-

cant depression of the photosynthetic activity
of Synechococcus lividus. This appears to be
caused by a decrease in chlorophyll content
of the cell, and a lowered photosynthetic efficiency. It is possible that at temperatures
higher than those examined only minute concentrations of copper may prove to be toxic
to S. lividus. If this is so, and if our results
may be extended to other thermophilic
cyanophytes, this is a possible mechanism to

of aliquot cultures following 24-hour incubation with various

copper
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explain

mats

in

deterioration

current

the

many thermal

of

algal

1967b. Micro-organisms adapted to high temper-
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ecology and systematics 1:191-220.

atures.

springs.

1970.
of

1974. Biology of microorganisms. Prentice-Hall,
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