
and microelectrodes were inserted into 
single retinular (photoreceptor) cells 
in accordance with procedures which 
are described in detail elsewhere (7). 
These receptor cells produce graded 
depolarizations (reductions of mem- 
brane potential) in response to light. 
Optic nerve discharges (or spike fre- 
quencies) are linearly related to the 
depolarizations induced in the receptor 
cell (8). The receptor cells were kept 
in a constant state of dark adaptation 
by regularly applying a constant test 
stimulus. The response to the test stim- 
ulus provided a control against possible 
changes in the viability of the receptor 
during the experiment. 

The results of a representative ex- 
periment are shown in Fig. 2. Each 
group of graphically superimposed 
traces represents responses to light 
flashes of a given intensity but of dif- 
ferent durations. The intensities are 
indicated in relative log units in the 
figure; we also obtained responses to 
other intermediate intensities. Four dif- 
ferent durations, namely, 10, 40, 160, 
and 640 msec, are illustrated; we ob- 
tained responses to intermediate dura- 
tions as well. The responses to the 
different durations can be easily iden- 
tified since longer durations always 
gave more prolonged responses. Each 
trace in the figure begins at the begin- 
ning of the light flash and each trace 
is a plot of the instantaneous re- 
sponse as a function of time after 
stimulus onset for a given stimulus. 
Each group of superimposed traces 
illustrates the totality of the responses 
as a function of stimulus duration for 
a given intensity. 

The range of intensities employed 
begins below the level at which a clear- 
cut neural transient occurs (compare 
0.0 log units). These responses to the 
weakest stimuli are quite irregular; this 
is characteristic of the response to weak 
stimulation in dark-adapted visual sys- 
tems. Despite these irregularities, it is 
fairly clear that no appreciable transi- 
ent occurs at the lowest intensity; 
progressive increases in intensity elicit 
a progressively clearer transient. More- 
over, the longest duration produces a 
clear-cut plateau except at the very 
highest intensity where the cell has not 
yet equilibrated after the transient 
(compare 3.6 log units). Thus these 
data cover the entire range of stimuli 
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produce responses whose peak height 
(and hence whose associated maximum 
spike frequency) is greater than or 
equal to that produced by shorter stim- 
uli. Second, longer stimuli always pro- 
duce responses whose total area (and 
hence whose associated total number 
of spikes) is greater than that produced 
by shorter stimuli. Thus, the neural 
response to lights of varying durations 
is always monotonically related to 
stimulus duration. There is no corre- 
late in these data of the psychophysical 
phenomenon of brightness enhancement 
even though we have clearly elicited 
neural transients and even though we 
have covered the entire range of ap- 
propriate stimuli. We have seen no 
exception to this generalization in any 
of our experiments. Although we have 
discussed only two features of the total 
response, namely, peak height and 
area, no other feature appears to vio- 
late this generalization (9). Latency 
appears to be independent of stimulus 
duration. 

These data do not demonstrate that 
some other single-cell response might 
not be isomorphic with brightness en- 
hancement although we are not pres- 
ently aware of any nonillusory single- 
cell correlate of the Broca-Sulzer effect. 
But the mere presence of a neural 
transient at any level of the nervous 
system cannot be presumed to be re- 
lated to the Broca-Sulzer effect. The 
search for the correlate of brightness 
enhancement cannot benefit from the 
assumption that stimulus duration is in 
any simple way related to time in the 
nervous system. 

Such an assumption is likely to have 
frequently occurred in the analysis of 
other substantive problems because of 
certain differences in the methods em- 
ployed in the two types of research: 
Psychophysical experiments manipulate 
duration because there is no reliable 
way of obtaining a continuous numeri- 
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Adcock et al. (1) devised an in- 
genious theory of fetal protection based 
on the proposition that human cho- 
rionic gonadotrophin (hCG) is a con- 
stituent of the trophoblast surface and 
that it can inhibit maternal lymphocytic 
responses. They tested the latter part of 
the proposal by attempting to stimulate 
lymphocytes with phytohemagglutinin 
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cal description from a subject of the 
temporal course of perceptual events. 
On the other hand, physiologic experi- 
ments automatically provide a measure 
of activity as a function of time. A 
substantial additional investment has to 
be made to manipulate stimulus dura- 
tion as a separate parameter. Other 
postulated psychophysiologic isomor- 
phisms involving temporal factors 
might therefore be examined for the 
possible presence of an illusory corre- 
lation by exactly replicating the psy- 
chophysical procedure with the physio- 
logic material. 

GERALD S. WASSERMAN 

KING-LEUNG KONG 
Department of Psychology, 
University of Wisconsin, 
Madison 53706 
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(PHA) in the presence of hCG. Since 
they observed apparent inhibition, they 
concluded that their original theory re- 
mains tenable. 

There might be another explanation 
for their findings. That is, hCG, a 
protein that contains 31.3 percent car- 
bohydrate, has little or no effect on 
the cells, but acts by combining with 
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and neutralizing the effect of the PHA. 
There is considerable information to 
support this alternative. First, PHA is 
known to form complexes with glyco- 
proteins (2) and, second, the degree of 
stimulation by PHA is known to be de- 
pendent on the amount of serum pres- 
ent in the medium. This may well be 
due to the glycoprotein content (3). 
In my experience, I have found that, 
in the same culture system used by 
Adcock et al., lymphocyte stimulation 
'by 1: 200 dilutions of PHA is much 
more sensitive to differences in plasmas 
than lymphocyte stimulation by dilu- 
tions of 1 : 40. Using concanavalin A 
as a mitogen, a molecule having bio- 
logical properties very like those of 
PHA, Tomford and I (4) found that 
0.25 ,/g of concanavalin A induce maxi- 
mal incorporation of 3H-labeled thymi- 
dine in 4 million lymph node cells in 
medium containing 1 percent crystalline 
bovine serum albumin as the protein 
source, but 10 to 15 ,ug are required in 
the presence of 15 percent homologous 
serum. Nevertheless, the total amount 
of thymidine incorporated at maximal 
response was the same for ,the two 
systems. This is evidence that the ef- 
fects of the inhibitor can be overcome 
through saturation quantities of the 
lectin. If the effects of an inhibitory 
system were on the cells, inhibition 
could not be overcome by such means. 
In the concanavalin A system, inhibi- 
tion similar to that observed by Adcock 
et al. was achieved with methyl-a-D- 
mannoside, a sugar with a high bind- 
ing affinity for concanavalin A but 
which has no discernible effects on 
lymphocytes at isosmotic concentrations 
(5). 

This alternative could be tested by 
measuring the inhibition of PHA stimu- 
lation by hCG, as a function of PHA 
concentration, or by stoichiometric 
characterization of any hCG-PHA in- 
teractions. 

ARNOLD E. POWELL 

Department of Surgery, 
Case Western Reserve University, 
Cleveland, Ohio 44106 
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We agree with Powell (1) that other 
possible theories could be proposed 
which would be equally tenable to ex- 
plain the effect of human chorionic 
gonadotropin (hCG) on the stimula- 
tion of lymphocytes with phytohemag- 
glutinin (PHA). It is certainly true 
that the evaluation of the hCG effect 
will be aided by characterizing the 
stoichiometric relation between hCG 
and PHA interactions. While such work 
is needed, we are inclined to think 
that Powell's explanation involving a 
direct effect of hCG on PHA is un- 
likely in the light of recent data, pub- 
lished from our own laboratory (2) as 
well as from other centers, that hCG 
also inhibits mixed lymphocyte cul- 
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tures. The latter involves stimulation of 
lymphocytes by foreign lymphocytes 
rather than by PHA. We believe the 
effect of hCG is likely to be a direct 
one upon the lymphocytes, although 
the data we presented in Science would 
certainly not permit us to make that 
distinction. 
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Pollution in Coastal Waters Pollution in Coastal Waters 

Some important considerations re- 
garding the dispersion of pollutants in 
the nearshore waters are outlined by In- 
man and Brush (1). However, their use 
of McClure and Barrett's data (2) on 
the distribution of DDT [1,1,1-trichlo- 
ro-2,2-bis (p-chlorophenyl) ethane] and 
DDE [1,1 -dichloro-2,2-bis(p-chlorophen- 
yl)ethylene] in zooplankton to demon- 
strate the "concentration gradient" ar- 
gument is inappropriate, because the 
selection of units (10-8 g of DDT and 
DDE per cubic meter of surface water) 
does not account for spatial variations 
in zooplankton biomass. Such biomass 
gradients in California coastal waters 
have been documented in the past (3). 
For the period 1955 through 1959 we 
estimate that the ratio of inshore to 
offshore zooplankton biomass (BI/Bo) 
fluctuated roughly between 4.0 and 0.1; 
these variations occurred both yearly 
and seasonally. BI and Bo correspond 
to the average zooplankton biomass 
,(grams per 1000 m3), all taxa com- 
bined, for the inshore and offshore 
regions, respectively. We used the 
100-km offshore line as a hypothetical 
separation zone between inshore and 
offshore waters from Monterey Bay to 
Point Dume. If we assume a similar 
variation of the ratio throughout the 

period 1959 to 1969, converting the 
data to units of (grams of DDT and 
DDE per gram of zooplankton, wet 

weight), and use 4.0 as an upper bound 
value of BI/Bo, then the reported "hot 
spots," corresponding to McClure and 
Barrett's isopleths of 5.0 X 10-8 g of 
DDT and DDE per cubic meter, are 

damped out, resulting in a nearly uni- 
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form inshore-offshore distribution. How- 
ever, if a lower bound B! Bo value of 
0.1 is used, an even larger inshore to 
offshore gradient is established. There- 
fore, any conclusive statements based 
on these data should contain values that 
have been normalized to the zooplank- 
ton biomass ratio measured in 1969. 

Since the major concern in assessing 
biological consequences of various toxic 

pollutants in the marine environment is 
an evaluation of their impact on the 

standing crop and the growth dynamics 
of the biological systems in question, 
concentration data should always be 
normalized to biomass-related parame- 
ters, so that meaningful interpretations 
can be made. 

Inman and Brush also state that "the 
effective rate of mixing [of pollutants in 
nearshore waters] depends both upon 
the mechanics of the [mixing] phenom- 
ena . . . and upon the concentration 
gradient of the pollutant that is being 
mixed," the latter being "dependent 
upon the nature of the substance and its 
past history of dispersion in the area." 
If physical dispersion or ambient con- 
centration is implied, the above state- 
ment is redundant, since the concentra- 
tion gradient is a function of the mixing 
process and cannot be considered inde- 

pendently. If "dispersion" connotes bio- 
logical accumulation, then "biological 
accumulation gradient" might be a 
more appropriate wording. 

S. P. PAVLOU 
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gradient of the pollutant that is being 
mixed," the latter being "dependent 
upon the nature of the substance and its 
past history of dispersion in the area." 
If physical dispersion or ambient con- 
centration is implied, the above state- 
ment is redundant, since the concentra- 
tion gradient is a function of the mixing 
process and cannot be considered inde- 

pendently. If "dispersion" connotes bio- 
logical accumulation, then "biological 
accumulation gradient" might be a 
more appropriate wording. 

S. P. PAVLOU 
J. R. CLAYTON, JR. 

Department of Oceanography, 
University of Washington, 
Seattle 98195 

SCIENCE, VOL. 184 


