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Nitrogen Fixation in Lakes 

Abstract. Incorporation of N1" into the 
fixed nitrogen fraction of natural lake 
waters has been studied for the purpose 
of estimating rates of primary nitrogen 
fixation. Experiments in Pymatuning Res- 
ervoir, Pennsylvania, in Lake Mendota, 
Wisconsin, and in two lakes in Alaska in- 
dicate that fixation occurs at measurable, 
sometimes high, rates. 

Our understanding of the nature of 
soil fertility and the availablity of nitro- 
gen under natural conditions expanded 
greatly upon the discovery and subse- 
quent investigation of symbiotic nitro- 
gen fixation in leguminous plants and 
nonsymbiotic fixation by soil microor- 
ganisms. Whether biological fixation of 
nitrogen in situ is a quantitatively im- 
portant feature of the nitrogen metabo- 
lism also of bodies of water is not yet 
known, although marine and fresh- 
water biologists have sometimes tacitly 
assumed that this is the case (1). The 
list of organisms known to be capable 
of fixing free nitrogen is long; included 
on it are species of blue-green algae 
(particularly of the genera Nostoc and 
Anabaena, but also of Tolypothrix, 
Calothrix, and others), common and 
often abundant constituents of fresh- 
water plankton, as well as Azoto- 
bacter and photosynthetic bacteria, in- 
cluding some that have been isolated 
from the water and mud of Lake Men- 
dota, Wisconsin (2). Organisms capable 
of fixing nitrogen are therefore known 
to occur in the aquatic environment; it 
remains only to show that they con- 
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tribute significantly to the supply of 
fixed nitrogen there. 

We have used uptake of the stable 
isotope N"5 as a measure of nitrogen fix- 
ation in lake water. Our method em- 
ploys preliminary removal of dissolved 
atmospheric nitrogen from water sam- 
ples contained in special 1000-ml 
closed vessels by aeration with an 80:20 
helium-oxygen mixture at a pressure of 
0.8 atm. Sufficient N2 containing 95 
atom percent N15 is then added to bring 
the pressure within the vessel to ap- 
proximately 1 atm, and the system is 
equilibrated by shaking. Samples are 
incubated either in the lake at the 
depth from which the water was 
originally collected or under specified 
laboratory conditions. Subsequent treat- 
ment is essentially the same as that 
applied by Rittenberg, Keston, Rose- 
burg, and Schoenheimer (3) and by 
Burris, Eppling, Wahlin, and Wilson 
(4) in their studies (5). 

Preliminary measurements were 
made on the following lakes in 1958 
(samples were incubated in the lake): 
(i) Little Kitoi and Upper Jennifer 
lakes, Afognak Island (Kodiak region), 
Alaska; (ii) Pymatuning Reservoir 
(Sanctuary Lake), Pennsylvania; (iii) 
Lake Mendota, Wisconsin. 

The amount of N" incorporated into 
the fixed-nitrogen fraction was esti- 
mated in all of these instances by sub- 
tracting the measured atom percent N"1 
of laboratory air from that of the fixed- 
nitrogen fractions of the samples after 
incubation. It has become obvious that 
this method overestimates the excess 
of Nl" for two reasons. (i) Air is not 
an adequate standard because it gives 
a value about 0.002 atom percent lower 
than N2 from ammonium sulfate which 
has gone through the conversion pro- 
cedure. The latter, therefore, provides a 
standard more comparable to the actual 
samples. (ii) Lake-water blanks ster- 
ilized and carried through the entire 
experimental procedure appear to be 
enriched by about 0.004 atom percent 
N"', as compared with ammonium sul- 
fate. We have, therefore, applied a cor- 
rection of -0.006 atom percent to 
these data, not having used adequate 

blanks at the time the measurements 
were made. Rates computed in this 
way are obviously not particularly re- 
liable but may be used as preliminary 
estimates. Seven measurements made in 
the Alaskan lakes during July and Au- 
gust yielded rates of fixation ranging 
from 0 to 0.0047 isg of nitrogen per 
liter per day. Fixation was not detectable 
in a single experimental series from 
Lake Mendota in late October. A single 
series from Pymatuning Reservoir on 
4 October yielded rates of incorpora- 
tion far too high to be canceled by the 
most conservative corrections for the 
blank, of the order of 0.8 ~ig of nitro- 
gen per liter per day. This figure is based 
on duplicate samples, the results of 
which agreed within 1 percent. There is 
no reason to doubt that here nitrogen 
was fixed at a high rate. For all experi- 
ments in 1958, incubation periods 
ranged from 4 to 6 days. 

In more recent experimental series 
from Pymatuning Reservoir (beginning 
20 April 1959) use has been made of 
certain technical refinements: (i) re- 
agent-grade ammonium sulfate (instead 
of laboratory air) was used as a pri- 
mary standard for isotope ratio; (ii) 
lake-water blanks were carried through 
the entire procedure after initial auto- 
claving within the experimental vessels; 
and (iii) all experimental vessels were 
autoclaved prior to the introduction of 
the sample, sterile procedure being 
observed subsequently. Water for these 
experiments was collected at Pymatun- 
ing, transported to Pittsburgh, and 
treated as described above about 8 
hours after collection; samples were 
incubated under constant illumination 
at 15?C (approximately the temperature 
of the water when it was collected) for 
varying lengths of time. The results are 
given in Fig. 1 as atom percent N15 
(excess over ammonium sulfate and 
sterile lake-water blank) plotted against 
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Fig. 1. Incorporation of N15 by surface 
water taken from Sanctuary Lake, Pyma- 
tuning Reservoir, Pennsylvania, on 20 
Apr. 1959, incubated under constant il- 
lumination at 15?C. 
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time of incubation. The curve appears 
to be characterized by two rates of 
fixation, one of about 0.021 rig of 
nitrogen per liter per day during the 
first 58 hours, the other of about 0.068 
~g of nitrogen per liter per day during 
the rest of the experiment (6). 
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Sensory Deprivation and Visual 
Speed: An Analysis 

Abstract. Speeds of moving objects were 
markedly underestimated by human ob- 
servers after prolonged patternless visual 
stimulation. Even greater underestimation 
followed exposure to a "noisy" visual field; 
on the other hand, exposure to a hyper- 
stable field caused overestimation. The ef- 
fects of external visual noise simulate 
those of deprivation; this finding suggests 
that similarly disordered but spontaneous 
neural discharge dominates the visual 
nervous system in deprivation. 

Experiments in sensory deprivation 
have been made to explore the conse- 
quences of prolonged exposure to visual 
fields in which normal spatiotemporal 
variation is sharply reduced. Results of 
experiments performed at McGill Uni- 
versity (1) suggest that the apparent 
speed of a moving line markedly 
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Sensory Deprivation and Visual 
Speed: An Analysis 

Abstract. Speeds of moving objects were 
markedly underestimated by human ob- 
servers after prolonged patternless visual 
stimulation. Even greater underestimation 
followed exposure to a "noisy" visual field; 
on the other hand, exposure to a hyper- 
stable field caused overestimation. The ef- 
fects of external visual noise simulate 
those of deprivation; this finding suggests 
that similarly disordered but spontaneous 
neural discharge dominates the visual 
nervous system in deprivation. 

Experiments in sensory deprivation 
have been made to explore the conse- 
quences of prolonged exposure to visual 
fields in which normal spatiotemporal 
variation is sharply reduced. Results of 
experiments performed at McGill Uni- 
versity (1) suggest that the apparent 
speed of a moving line markedly 
changes as one consequence of long- 
term exposure to an illuminated but 
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patternless visual field. After such dep- 
rivation, observers reported that a 
straight black line slowly rotating 
against a dimly lit screen looked S- 
shaped. This distortion was attributed 
to an induced "perceptual lag": the 
ends of the line lag behind the center. 

In preliminary investigations we 
found no evidence for a perceived dis- 
tortion of the line. Instead, the apparent 
speed of the entire line was clearly 
reduced. Consequently, in further in- 
vestigations we have used an apparatus 
(Fig. 1) designed to measure and thus 
quantify changes in apparent speed (2). 
The observer was instructed to fixate 
a black dot 1 m distant at eye level. 
He then saw a black bar (Fig. 1, A) 
sweep, like the second hand of a 
clock, through 90 deg from a horizontal 
to a vertical position, at a rate of 60 
deg/sec. At the vertical, the bar dis- 
appeared from the observer's sight be- 
hind a screen. His task was to judge 
when the now-hidden bar would reach 
a fixed marker (Fig. 1, B) 10 deg 
beyond. This judgment was based on 
the observer's estimate of the speed of 
the bar during its visible 90 deg of 
travel. When he judged that the hidden 
bar had traversed the 10 deg to reach 
the marker, he stopped the coupled time 
clock (Fig. 1) which gave a measure of 
the apparent speed of the bar. The 
average of the initial judgments made 
by practiced observers was very close 
to the actual travel time. Twenty trials 
per observer were made before and 
after each experimental exposure. 

In a first test to evaluate our interpre- 
tation of the McGill results, seven ob- 
servers were deprived of patterned 
vision for 8 hours under conditions 
similar to those of the McGill study (3). 
The observers, lying on cots, were 
subjected to a masking acoustic noise 
at the maximum tolerable level; they 
wore tubes over their arms and hands 
and translucent goggles over their eyes. 
The goggles provided only a homogene- 
ously illuminated, nonpatterned field 
of vision. After deprivation, each of 
the seven observers judged the speed of 
the sweep to be less (by an average of 
16 percent) than he had initially judged 
it to be. The observers showed no ac- 
companying change in simple motor 
reaction time. Having demonstrated 
and measured this consequence of gen- 
eralized deprivation, we proceeded to 
further analyses. 

Each of 12 observers was instructed 
to fix his gaze on the center of a pat- 
ternless but illuminated circular field 
(intensity 0.2 ml) subtending 43 visual 
degrees in an otherwise dark field (pat- 
ternless exposure field). Although only 
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Table 1. Changes in apparent speed after 1/2 
hour of exposure. Exposure fields: H, 
hyperstable; D, dark; P, patternless; N, 
noisy. 
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* Significance levels derived from an analysis of 
variance. t Not significant. 

duced with only 1/ hour of exposure 
(Table 1). This test demonstrates that 
control of extravisual stimulation is 
not essential for obtaining the change 
in apparent speed. 

Comparable experimental situations 
were then used to explore the effects 
of exposing the same observers to three 
other test fields devised on the basis 
of the following speculation. In the 
absence of normal stimulation coming 
from patterned fields, there is reason 
to suspect that the visual nervous sys- 
tem exhibits spontaneous and pattern- 
less activity (4). Dominance of the 
visual system for long periods by such 
intrinsic noise may result in reduction of 

* Significance levels derived from an analysis of 
variance. t Not significant. 
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Fig. 1. Apparatus for measuring apparent 
speed. A, Rotating sweep; B, fixed marker. 
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