
plicable by the conduction rate of the 
triggering potential. 

The macroflash exhibits rigid cou- 
pling to the action potential (1). This 
apparently is also true of the micro- 
flash, which, in photometric recordings 
from individual microsources, occurred 
in a strictly one-to-one response to each 
invading action potential. Asynchronous 
spontaneous flashing of microsources 
was visually noted in some deteriorating 
specimens, but never in fresh material. 
Occasionally, however, large regions of 
the cell irreversibly failed to luminesce 
(7), and attenuation of the macro- 
flash resulted. This was due, pre- 
sumably, to failure of invasion of those 
areas by the action potential, an oc- 
currence occasionally seen in electrical 
recordings. 

Reversible graded alterations in am- 
plitude of the macroflash (that is, sum- 
mation, potentiation, fatigue) com- 
monly occur as a function of temporal 
stimulus sequence (1). This could oc- 
cur in at least two ways. (i) Grada- 
tions in macroflash intensity could arise 
from changes in the proportion of 
sources responding to the triggering 
potential, and could have their basis in 
statistical changes in the triggering 
threshold of the microsource popula- 
tion. This does not, however, appear 
to be the case, for as noted above, in- 
dividual luminescent sources flash in a 
rigid one-to-one response to invading 
action potentials. Microsources possess 
little or no triggering lability. (ii) Mac- 
roflash gradations could result from 
summation of gradations in the inten- 
sity of the microflashes. This is sup- 
ported by results of simultaneous re- 
cordings of micro- and macroflashes: 
temporal summation of two closely 
spaced responses occurs similarly in 
each. Likewise, macroflash fatigue with 
repeated stimulation was paralleled 
by a similar decline in microflash in- 
tensity. Thus, the macroflash parallels 
events at the level of the microsource 
and can serve as a reliable indicator of 
microflash kinetics. 

Since the triggering potential is all- 
or-none (1, 2), gradations in micro- 
flash intensity must result either from 
changes occurring in the luminescent 
system itself (for example, as a result 
of substrate depletion) or at the "con- 
trol" or "coupling" steps linking the 
luminescent chemistry to changes in 
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summation, potentiation, and fatigue 
of luminescence must have their physi- 
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cal basis within or adjacent to the 
microsources. 

These data indicate the following. 
(i) Fluorescent luminescent organelles, 
1.5 a iand less in diameter, emit flashes 
with intensities proportional to their 
physical size and appear to be the sole 
origin of light contained in the flash 
emitted by the organism. (ii) Time 
courses of microflashes resemble those 
of macroflashes, but typically show 
somewhat shorter time constants. (iii) 
Flashes from different microsources 
show only minor differences in time 
course. (iv) Measurable differences in la- 
tency between micro- and macroflashes 
can be explained by the transcellular 
conduction time (5 to 10 msec) of 
the action potential. (v) Each source 
flashes in unison with its immediate 
neighbors in response to each invading 
action potential. (vi) Reversible graded 
changes in intensity of macroflash 
result from graded changes in ampli- 
tudes of microflash. (vii) The kinetics 
of both flashes are parallel and can 
be used to investigate fundamental sub- 
cellular events in studies on excitation- 
flash coupling. 
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Enhanced Distress Vocalization 

through Selective Reinforcement 

Abstract. Eighteen Peking duck- 
lings were imprinted and tested for 
their tendency to emit distress calls 
during the presentation and withdrawal 
of the imprinted stimulus. A subsequent 
arrangement in which each distress 
vocalization led to a 5-second presen- 
tation of the imprinted stimulus re- 
sulted in an enhanced tendency to 
emit distress calls. 

When young ducklings (like the in- 
fants of many species) are separated 
from their mother, they typically emit 
a stream of loud distress-like vocaliza- 
tions. Several researchers have noted 
that these calls influence the mother 
in that they increase her tendency to 
return to the young (1, 2). In this 
study we sought to examine the com- 
plement to this process by determining 
how the duckling's tendency to emit 
distress calls is influenced by the 
mother's return. More specifically, we 
wished to assess the effects of an 
arrangement whereby the mother 
appears each time a distress call is 
emitted. 

The problem is complicated by sev- 
eral factors. If the distress call is solely 
a reflection of emotionality produced 
by the mother's absence, then the 
constant availability of the mother by 
means of a distress call should mini- 
mize emotionality and thereby reduce 
distress calls. If, however, the mother's 
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distress calls is influenced by the 
mother's return. More specifically, we 
wished to assess the effects of an 
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appears each time a distress call is 
emitted. 

The problem is complicated by sev- 
eral factors. If the distress call is solely 
a reflection of emotionality produced 
by the mother's absence, then the 
constant availability of the mother by 
means of a distress call should mini- 
mize emotionality and thereby reduce 
distress calls. If, however, the mother's 
return serves to strengthen the be- 
havior which precedes it, these arrange- 
ments should lead to the reinforcement 
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of distress calls. As a result, the rate 
of distress calls should increase. 

We sought to evaluate these possi- 
bilities by imprinting ducklings to a 
moving stimulus and then arranging 
that presentation of the imprinted 
stimulus was contingent upon the emis- 
sion of distress calls. 

The subjects were 18 Peking duck- 
lings (Anas platyrhynchos) that were 
hatched in isolation and maintained in 
individual brooder boxes with contin- 
uous access to food and water, and 
with a 40-watt light bulb for heat. 

Two units were used for imprinting 
and subsequent procedures. These were 
housed in individual sound-treated and 

temperature-controlled rooms. Each 
unit consisted of a plywood box 
(183 by 76 by 76 cm) divided length- 
wise by a fine-mesh brass screen into 
two approximately equal compart- 
ments, one for the duckling and the 
other for the imprinting stimulus. The 
imprinting stimulus consisted of a 
white plastic milk bottle mounted 
over the superstructure of a model 
train engine which ran the length of 
its compartment on HO-gauge track. 
The lighting was such that when the 
subject's runway was illuminated and 
the stimulus compartment darkened, 
reflections from the screen prevented 
the subject from viewing the stimulus. 
When, however, the lighting was re- 
versed, the imprinted stimulus became 
visible. Stimulus presentation consisted 
of illuminating the stimulus compart- 
ment and moving the stimulus at ap- 
proximately 30 cm/sec. 

Distress calls were detected with 
specially constructed voice keys 
which, through selective filtering, were 
sensitive only to those sounds in the 
frequency range within which distress 
vocalizations typically fall (approxi- 
mately 3000 to 4000 cy/sec) (3). A 
bank of relays, stepping switches, 
timers, and recorders was employed to 
program stimulus presentations and to 
document distress calls. 

All subjects were given four im- 
printing sessions during the first 48 
hours after hatch. Each session lasted 
45 minutes. The duckling was placed 
in the runway, the stimulus compart- 
ment was illuminated, and the stimu- 
lus was moved back and forth along 
its track for the entire session. 

On the two days following imprint- 
ing sessions (days 3 and 4), the sub- 
ject was returned to the apparatus for 
40 minutes and during this period the 
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Fig. 1. Sample record of distress calls as 
drawal of the imprinted stimulus. 

moving stimulus was presented and 
withdrawn in 1-minute intervals. 
Thus, each subject was given 20 per- 
iods of 1 minute each in which the 
imprinted stimulus was present and 
moving, and an equal number of peri- 
ods in which it was absent. Figure 1 
shows a sample record of one of the 
more proficient ducklings. It illustrates 
the sizeable performance differences 
associated with the presence and ab- 
sence of the imprinted stimulus. This 
record shows that the subject emits 
a high rate of distress calls following 
the removal of the imprinted stimulus 
and continues to do so until the stim- 
ulus is presented. Moreover, the re- 
turn of the imprinted stimulus is asso- 
ciated with a rather abrupt cessation 
of distress calls, and relatively few 
calls are emitted when the stimulus 
is present. 

For all subjects, the mean number of 
distress calls during stimulus presenta- 
tion was 210 and 163 on days 3 and 4, 
respectively, whereas 632 and 485 calls 
(average numbers) were emitted on 
these days during the periods when the 
stimulus was absent. The differences on 
both days are statistically reliable. 
Using a test for related measures t = 
5.14, df = 17, p<.005 for day 3; 
and t = 518, df = 17, p < .005 for 

day 4. These data corroborate the find- 
ings of Moltz (4) and others (1) which 
indicate that when subjects have been 
imprinted, the tendency to emit dis- 
tress calls is determined by the prox- 
imity of the imprinted stimulus. 

In order to assess individual differ- 
ences in the strength of the subjects' 
reactions to the imprinted stimulus, 
two measures were tabulated. The first, 
an alarm index, consisted of the num- 
ber of distress calls emitted by a given 
subject in the absence of the imprinted 
stimulus. The second, a relief quotient, 
consisted of the number of distress calls 
emitted by that subject in the presence 
of the imprinted stimulus divided by 
the sum of that subject's distress calls 
during presence and absence of the 
stimulus. Rank order correlations 

influenced by the presentation and with- 

across the two sessions of testing were 
relatively high (p = + 0.65 and p = 
+ 0.73 for the alarm index and relief 
quotients, respectively). Thus individ- 
ual differences in the strength of the 
subject's reactions to the imprinted 
stimulus were consistent from one day 
to the next. In order to assess the 
degree to which the two indices were 
related, rank order correlations were 
calculated for each of the two days. 
Neither day yielded a significant cor- 
relation coefficient (p = 0.10 on day 
3 and 0.02 on day 4). 

On the day following the above tests, 
subjects were paired so as to opti- 
mize the match between subjects on 
both the alarm index and the relief 
quotient. One member of each pair 
was then randomly assigned to either 
the experimental or the control condi- 
tion. Thereafter, subjects were run 
with the same partners, and one sub- 
ject was in each of the isolated units. 
The programming arrangements for 
the experimental subject were such that 
its distress calls immediately produced 
the moving imprinted stimulus for 
5 seconds. The distress calls of its 
partner had no influence on the pres- 
ence or absence of the imprinted stim- 
ulus. Instead, a yoking procedure was 
used so that each time the experimental 
member of the pair emitted a distress 
call, it produced the imprinted stim- 
ulus in its own apparatus and in the 
apparatus of its partner. This arrange- 

DAY 5 DAY 6 

247 194 
REINFORCED 

YOKED 87 183 

Fig. 2. Mean number of distress calls for 
reinforced and yoked subjects on days 5 
and 6. The arrows indicate the sequence of 
conditions for subjects within a given 
group. 
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stimulus to both ducklings was determined by the distress vocalizations of the rein- 
forced subject. 
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ment insured that both members of 
each pair received exactly the same 
number of stimulus presentations in 
the same temporal sequence, but, for 
the experimental subject, presentation 
of the imprinted stimulus was contin- 
gent upon distress calls, whereas for 
its control (yoked) partner no response 
contingency existed. On day 5, sub- 

jects were run for a 40-minute session 
and the presence of the imprinted stim- 
ulus for both subjects was dependent 
upon whether or not the experimental 
subject emitted a distress call. On the 
following day (day 6), the contingency 
was reversed for each member of a 
pair, and now the presence of the im- 
printed stimulus for both subjects was 
determined by the emission of distress 
calls by the previously yoked subject. 

Figure 2 shows the mean number 
of distress calls under each of the sev- 
eral conditions. On day 5, reinforced 
subjects emitted a greater number of 
distress calls than their yoked 
partners. A similar effect is seen on 
day 6 when the conditions for the 
members of each pair were reversed, 
but the observed difference is small. 

A test for related measures of the 
difference in total number of distress 
calls emitted by the reinforced versus 
yoked subjects for days 5 and 6 
separately yielded a significant value 
for day 5 Tt = 6.21, df = 8, p < 
.005) but not for day 6 (t= 0.16, df 
= 8, p > .05). In addition, tests for 
related measures comparing the total 
number of distress calls emitted by 
each subject in each of the two con- 
ditions show that subjects who were 
initially yoked (day 5) and subsequently 
reinforced (day 6) exhibited a sig- 
nificant increase in the number of dis- 
tress calls emitted (t = 2.5, df = 8, 
p < .05). However, subjects going from 
the reinforced condition to the yoked 
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condition did not show a significant 
decrease in the number of emitted 
distress calls (t = 1.42, df = 8, p > 
.05). 

Figure 3 shows a sample record 
from day 5. It illustrates the details of 
the performance difference between re- 
inforced and yoked subjects and pro- 
vides a basis for interpreting the data 
in Fig. 2. For the reinforced duckling, 
the frequency of distress vocalization 
is relatively high. As a result, the im- 
printed stimulus seldom is absent: for 
more than a few seconds. When, how- 
ever, the yoked subject is exposed to 
the same sequence of stimulus presen- 
tations (by means of the distress calls 
of its reinforced partner) few distress 
calls are emitted. Apparently, as seen 
in the performance of the yoked sub- 
ject (and summarized in Fig. 2), when 
the imprinted stimulus is presented 
regularly without regard to subject's 
vocalization, few distress calls occur (5). 
If, however, stimulus presentations 
are equated, but stimulus presentation 
is contingent upon distress calls, the 
tendency to emit distress calls is en- 
hanced. Since response facilitation of 
this sort is the expected effect of rein- 
forcement, and since all other factors 
are equated, it is concluded that dis- 
tress vocalization is reinforced when 
the return of the imprinted stimulus is 
solely determined by the emission of 
distress calls. 
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tations (by means of the distress calls 
of its reinforced partner) few distress 
calls are emitted. Apparently, as seen 
in the performance of the yoked sub- 
ject (and summarized in Fig. 2), when 
the imprinted stimulus is presented 
regularly without regard to subject's 
vocalization, few distress calls occur (5). 
If, however, stimulus presentations 
are equated, but stimulus presentation 
is contingent upon distress calls, the 
tendency to emit distress calls is en- 
hanced. Since response facilitation of 
this sort is the expected effect of rein- 
forcement, and since all other factors 
are equated, it is concluded that dis- 
tress vocalization is reinforced when 
the return of the imprinted stimulus is 
solely determined by the emission of 
distress calls. 
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less complex patterns (1). It is not sur- 
prising then to find that this hypothe- 
sis has sometimes been used as a post 
hoc explanation for results in other 
studies. For example, when Stechler 

SCIENCE, VOL. 151 

Until recently, results of studies of 
infants' attention to visual patterns of 
different complexities seemed remark- 
ably consistent. In spite of the fact 
that the studies were not directly com- 
parable because they used different 
stimuli and infants were of different 
ages, they agreed in finding evidence 
for the hypothesis that infants prefer 
to look {at more complex rather than 
less complex patterns (1). It is not sur- 
prising then to find that this hypothe- 
sis has sometimes been used as a post 
hoc explanation for results in other 
studies. For example, when Stechler 

SCIENCE, VOL. 151 


