
inhibitory neurons. If a strong in- 
hibitory process synchronized with vo- 
calization lasts for a long time, echo 
detection may not necessarily be im- 

proved, so that inhibition should have 
a short duration. We often noticed that 
the large LL was evoked by an echo 
coming back about 4 msec after vocal- 

ization, despite the small N1 evoked 

by this echo. We guess that the dura- 
tion of the inhibitory period is very 
short. 
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With respect to their receptor input, 
ganglion cells found in the retina are 
of three types: one type receiving a 

pure cone input, a second type receiv- 

ing a pure rod input, and a third type 
receiving a mixed rod and cone input. 
In duplex retinas, the second type is 

generally absent and the third type is 
the most common. If the cones contain 

pigments having different spectral ab- 

sorption characteristics, ganglion cells 

usually show an opponent color be- 
havior (1). 

In certain ganglion cells a color op- 
ponent mechanism is found to be 

present, both in the center and in 
the periphery of the receptive field of 
the ganglion cells. Such cells are com- 
mon in the goldfish retina (2). An in- 

teresting question arises regarding the 

type of connection that the rod input 
has on such cells. For example, in a 

ganglion cell showing in the center of 
its receptive field a red-green opponent 
mechanism, where the red light pro- 

84 

With respect to their receptor input, 
ganglion cells found in the retina are 
of three types: one type receiving a 

pure cone input, a second type receiv- 

ing a pure rod input, and a third type 
receiving a mixed rod and cone input. 
In duplex retinas, the second type is 

generally absent and the third type is 
the most common. If the cones contain 

pigments having different spectral ab- 

sorption characteristics, ganglion cells 

usually show an opponent color be- 
havior (1). 

In certain ganglion cells a color op- 
ponent mechanism is found to be 

present, both in the center and in 
the periphery of the receptive field of 
the ganglion cells. Such cells are com- 
mon in the goldfish retina (2). An in- 

teresting question arises regarding the 

type of connection that the rod input 
has on such cells. For example, in a 

ganglion cell showing in the center of 
its receptive field a red-green opponent 
mechanism, where the red light pro- 

84 

3. A. D. Grinnell, J. Physiol. London 167, 67 
(1963). 

4. N. Suga, ibid. 203, 707 (1969). 
5. 0. W. Henson, Jr., in Biology of Bats, W. A. 

Wimstatt, Ed. (Academic Press, New York, 
1970), vol. 2, pp. 181-263. 

6. ---- J. Physiol. London 180, 871 (1965). 
7. G. Neuweiler, Z. Vergl. Physiol. 67, 273 

(1970); G. Pollak, O. W. Henson, Jr., A. 
Novick, Science 176, 66 (1972). 

8. N. Suga and P. Schlegel, in preparation. 
9. Since the fourth positive evoked potential 

recorded with an electrode placed on the 
dorsal surface of the inferior colliculus was 
named N, [A. D. Grinnell, J. Physiol. London 
167, 38 (1963)], it has been erroneously called 
the collicular evoked potential, although it 
mainly orginates from the lateral lemniscus 
(4). Thus, if we call N4 the evoked potential 
of the lateral lemniscus, it may cause con- 
fusion. In our experiments, the evoked po- 
tential of the lateral lemniscus was recorded 
with an electrode inserted into its nucleus, 
so that its waveform and polarity were not 
necessarily the same as those of N4. Because 
of these two reasons, the potential we meas- 
ured is called LL rather than N4. 

10. Electric stimuli to certain parts of a brain 
reduce ascending sensory signals [D. J. Mayer, 
T. L. Wolfle, H. Akil, B. Carder, J. C. 
Liebeskind, Science 174, 1351 (1971)]. 

11. Supported by NSF research grant GB-13904 
Al and PHS health science advancement 
award FR-504 and biomedical sciences sup- 
port grant FR-07054. We thank R. R. Pfeif- 
fer and R. M. Arthur for reading this 
manuscript. 

6 March 1972 * 

3. A. D. Grinnell, J. Physiol. London 167, 67 
(1963). 

4. N. Suga, ibid. 203, 707 (1969). 
5. 0. W. Henson, Jr., in Biology of Bats, W. A. 

Wimstatt, Ed. (Academic Press, New York, 
1970), vol. 2, pp. 181-263. 

6. ---- J. Physiol. London 180, 871 (1965). 
7. G. Neuweiler, Z. Vergl. Physiol. 67, 273 

(1970); G. Pollak, O. W. Henson, Jr., A. 
Novick, Science 176, 66 (1972). 

8. N. Suga and P. Schlegel, in preparation. 
9. Since the fourth positive evoked potential 

recorded with an electrode placed on the 
dorsal surface of the inferior colliculus was 
named N, [A. D. Grinnell, J. Physiol. London 
167, 38 (1963)], it has been erroneously called 
the collicular evoked potential, although it 
mainly orginates from the lateral lemniscus 
(4). Thus, if we call N4 the evoked potential 
of the lateral lemniscus, it may cause con- 
fusion. In our experiments, the evoked po- 
tential of the lateral lemniscus was recorded 
with an electrode inserted into its nucleus, 
so that its waveform and polarity were not 
necessarily the same as those of N4. Because 
of these two reasons, the potential we meas- 
ured is called LL rather than N4. 

10. Electric stimuli to certain parts of a brain 
reduce ascending sensory signals [D. J. Mayer, 
T. L. Wolfle, H. Akil, B. Carder, J. C. 
Liebeskind, Science 174, 1351 (1971)]. 

11. Supported by NSF research grant GB-13904 
Al and PHS health science advancement 
award FR-504 and biomedical sciences sup- 
port grant FR-07054. We thank R. R. Pfeif- 
fer and R. M. Arthur for reading this 
manuscript. 

6 March 1972 * 

duces an ON response and the green 
light an OFF response, there exist two 
distinct possibilities: the rod input can, 
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Fig. 1. Average spectral sensitivity of a 
few dark-adapted cells. Triangles pointing 
up represent on-center cells, and triangles 
pointing down, off-center cells. The solid 
line was generated from a nomogram for 
a pigment with its maximum at 522 nm. 
The shift of the experimental curve toward 
the long wavelengths could be attributed 
to a contamination from the red cone 
input. 
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either an ON response as do the red 
cones or an OFF response as do the 

green cones. Of course, the same possi- 
bilities exist in the surround. Neglecting 
the blue cones, one could predict for 
such a cell equal probability for the 
rod input to be excitatory like the red 
cones, or inhibitory like the green 
cones. 

To provide an answer to this ques- 
tion, a series of experiments was un- 
dertaken on the isolated retina (3) of 
the Comet goldfish (Carassius auratus). 
Single-unit activity from ganglion cells 
was recorded extracellularly with 

tungsten microelectrodes. In order to 
maximize the probability of a complete 
characterization, both in the dark- 

adapted state and after light adaptation, 
I chose only cells having a spike ampli- 
tude greater than 100 ,/v for study. 
Since regeneration of the rod pigment 
is very limited in an isolated retina, I 
had to study the dark-adapted charac- 
teristics first and then proceed to the 

light-adapted retina. This limited the 

study to one cell per retina. 
Recordings from 20 cells (12 on- 

center, 8 off-center), which lasted more 
than 1 hour each, provide the follow- 

ing picture. All cells have a center- 
surround organization in the dark- 

adapted state, with the center either ON 
or OFF to all wavelengths and the sur- 
round with an antagonistic effect to the 
center. The evidence for a rod input in 
the dark-adapted state is from (i) the 
low threshold required to elicit a re- 

sponse (less than 106 quanta cm-2 
sec-1, (ii) the required light adaptation 
period before the opponent color re- 

sponses can be observed at an intensity 
3 log units above the rod threshold, and 

(iii) the spectral sensitivity measure- 

ments, as shown in Fig. 1. The shift 
of the experimental points toward the 
red is probably due to a red cone con- 
tamination because of the high cone/ 
rod ratio (7/32) in Carassius (4). In 
terms of the center response only, all 
cells that are ON in the dark-adapted 
state became ON to red and OFF to green 
after light adaptation. Similarly, all OFF 
cells became OFF to red and ON to 

green. In the light-adapted state, these 
cells are all of the type described by 
Daw (2), having a color opponent or- 

ganization both in the center and in the 
surround and a neutral point around 
560 nm, indicating a red-green oppo- 
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the rod input. 
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Goldfish Retina: Sign of the Rod Input 
in Opponent Color Ganglion Cells 

Goldfish Retina: Sign of the Rod Input 
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Abstract. After light adaptation, all "on-center" ganglion cells in the dark 
became "red on-center," and all "off-center" cells turned into "red off-center" 
cells. On a chance basis, this similitude of effect between the rods and the red 
cones in opponent color cells was not expected. These findings indicate that in 
the goldfish there is some similarity between the connections of the rods and of 
the long-wavelength cones. 
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characteristics of the rod and cone pig- 
ments in the goldfish [455, 530, and 
625 nm for the cones (5) and 522 nm 
for the rods (6)], this behavior is 
spectacular to observe experimentally. 
With the wavelength set at 520 nm and 
the spot of light covering the center of 
the receptive field, one can observe the 
response changing from ON to OFF, or 
from OFF to ON, as one changes from 
a dark-adapted condition to a light- 
adapted one. The phenomenon is so 
clear that a misclassification is impos- 
sible. 

This association of the rods with the 
red cones is not limited to the goldfish. 
The finding is in agreement with 
Purkinje-shift studies done at the single- 
unit level, but in most cases recordings 
involved noncolor opponent cells. This 
is true in the fish (7), the frog (8), 
the cat (9), and the monkey (10), 
where the rod input has the same sign 
as the long-wavelength cone input. 
However, care must be taken when two 
cone pigments are known to exist on 
the long-wavelength side of the rod 
pigment. Only data indicating a shift 
to the longest-wavelength peak should 
be considered as supporting evidence. 
For retinas that have opponent color 
cells the data are rare. It is interesting 
to note that the ground squirrel retina, 
which has no red cone, has no rod 
either (11). Three opponent color cells 
have been found in the lateral genicu- 
late of the cat (12). Two of them show 
rods with the same type of input as the 
blue cones; the third cell shows the rod 
input with the same sign as the long- 
wavelength cone input. In the monkey 
geniculate (13), 6 out of 25 cells were 
found to have a rod input. Four of 
them were type I cells, which are 
characterized by having a different 
spectral sensitivity in the center and 
in the surround. In one cell, the rod 
input had the same sign as the green 
cone input; the type of cone input in 
the three others was not mentioned. 
The last two cells that had a rod input 
were of type III, receiving inputs for 
possibly all three cones, and the rod 
input had the same sign as the cone 
input. 

The finding that, in double opponent 
cells in the goldfish, the sign of the 
rod input is similar to that of the red 
cone input can be considered an ex- 
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Fig. 2. Receptive field organization in the 
two states of light adaptation of the op- 
ponent color cells, which codes simul- 
taneous color contrast. Note that the rod 
response is always similar to the red cone 
response. 

tension of the Purkinje-shift rule to 
opponent color cells. However, the few 
cells that have been found to be excep- 
tions to the rule have to be considered 
as evidence against a universal generali- 
zation that the rod input always has the 
same sign as the long-wavelength cone 
input. 
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On Carpenter and Smith On Carpenter and Smith 

We recently published a report on 
the occurrence of plastic particles on 
the surface of the open ocean (1). We 
noted that since many plastics contained 
polychlorinated biphenyls (PCB's) as 
plasticizers, the plastics could be a 
source of some of the PCB's found in 
oceanic organisms. On the basis of new 
evidence, we wish to add to this state- 
ment. 

Infrared spectrophotometry of the 
white cylindrical pellets, the commonest 
form of plastic on the sea surface, 
shows that they are polyethylenes. Poly- 
ethylenes are not made with PCB's as 
plasticizers. Polyethylene often contains 
low concentrations of PCB's as con- 
taminants (one major American manu- 
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plasticizers. Polyethylene often contains 
low concentrations of PCB's as con- 
taminants (one major American manu- 

facturer's polyethylene contains 0.2 
part PCB's per million, apparently ab- 
sorbed from river water with which it 
comes into contact in its production), 
but these concentrations are so low that 
it is unlikely that these plastics are a 
significant source of the PCB's found 
in the open ocean. 
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comes into contact in its production), 
but these concentrations are so low that 
it is unlikely that these plastics are a 
significant source of the PCB's found 
in the open ocean. 
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