
experiment 1, serum A contains no neu- 
tralizing poliovirus antibody. Whcn 
placed on filter paper, it did not pre-
vent the rise of virus: all of the ten 
spaces which became wet rverc shor\ 11to 
contain t~irus when placed in tissue cul- 
ture. In  contrast, no virus could be de- 
tected above space 4 on the paper that 
had been treated with seruni B, rvhich 
had a neutralizing antibody titer of 1/64. 
Experiment 2 shows that the "blocking" 
action is still present when serum B is 
diluted. Experiment 4 shorvs that the 
"blocking" action Tvas demonstrable rvith 
as little as 0.025 ml of serum B, a quan- 
tity readily obtainable by finger punc-
ture. 

For practical parposes, the placing of 
a single paper space into a single tissue- 
culture tube gave corrrct inform.. -tlon re-' 

garding the presence or absrrice of polio- 
virus antibody. This is true of space 7, 
for example, in each of the 52 successive 
tests performed. When a pool of typrs 
1, 2, and 3 polioviruses is tested agsinsl 
a serum, only that typc against rvhich 
there is no specific antibody in the serum 
(.;in be detected high on the paper. 

This lnrthod require.: only one tissue- 
culture tube and a qurlntity of blood 
\\-hich is small enough to be obtained 
readily by finger puncture. T h e  mcthod 
may be, therefore, a valuable screening 
test for distinguishing immune from non- 
inlntune persons in a poliomyelitis vac-
cination program. 

HORACEL. HODES,HELEND. ZEPP, 
ALTER L. I~ENLEY, BERGEKR C J T I ~  

Mount Sinai Hospital, New York ,  
N e w  York  
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Concurrent Schedules of 

Reinforcement in the Chimpanzee 

This report ( I )  describes a technique 
for establishing two behavioral reper-
toires simultaneously in a sinsle animal 
subject. This was done by training chim- 
panzees that had been reduced to about 
80 percent of their normal xveight to 
press either or both of trvo keys that were 
mounted 6 inches apart. Thc  animals 
pressed the keys because occasional 
presses operated a food magazine that 
delivered 40-kcal. portions of food (rc- 
inforcerr~ent). Tlle schedule by which thc 
key presses are reinforced determines the 
rate at  which the animal presses the key. 
Different rates of pressing were cstab-
lished on thc two keys by using t ~ v o  
schedules of operation of the food niaga- 
zine (schedule of reinforcement). T h e  

schedule of reinforcement on the right 
key was desqncd to generate a hig-11, 
sustained rate of pressing, ~vhereas the 
schedule on the lcft kcy \ \as  designcd to 
generate a low, rate. Thc amount of inde- 
pendence betrveen the prrformances on 
the trvo keys could be assessed beca~tse of 
the contrasting rates of key pressing. .Any 
"confusion" betxveen the trvo Itcys would 
result in high rates of prescing on the 
key normally producing l o ~ v  rates, and 
vice versa. 

The chimpanzee, ~v i th  its semierect 
posture and good hand dexterity, Tvas of 
special interest for this type of experi-
ment because it  could operate the two 
keys simultaneously. hlost sttbprimatcs 
would have to alternate l,etw,een the two 
keys. The time spent changing back and 
forth bet~veen the keys lvould interfere 
with the characteristic perforrna~lce ~111.- 
der the single scheclulc of reinforcement. 

T h e  specific experimental conditions 
!<.ere sirr~ilar to those already described 
for the pigeon ( 2 ) .  T h e  experiment be- 
gan rvith only one key and a schcdule in 
11-hich the maga~ine operated after a 
fixed number of responses. This is called 
a fixed-ratio schedule: "ratio" refers to 
the ratio of presses to reinforcements 
(3) .This schedule generates a high, ~11s- 
tained rate of responding except when 
the number of responses required for re- 
inforcement is large. Then, a pause de- 

'A 


velops follor~ing each reinforcenient-
but 11hcn the anirnal again starts presslng 
the key, it besins immediately at the prc- 
vailing high rate In  general, moderate 
rates or smooth transitions from one 
rate to another are absent t~nder  this 
schedule If the animal operates the key 
at all, it tends to do so at the prevaillng 
high rate. 

After a stable performance had devel- 
oped on the first key, a second kry was 
added 6 inches to the left P r e ~ ss of the 
second key ne re  reinforced on thr  basis 
of elapsed time rather than number of 
presses. The  first press after a given in- 
terval operated the magazine; but the 
interval varied from reinforcement to re- 
inforcement, ranging from 3 seconds to 
8 minutes, ~v i th  a mean value of 4 min-
utes. This schedule, which is called !,aria- 
ble-inten~al reinforcement, produces a 
moderate rate of responding (3).  T h e  
random spacing of thr  reinforcements 
produces a constant rate of responding 
and prevents pauses from clcveloping 
after reinforcements. Changes in rate, 
when they do occur, seldont are abrupt, 
as they are in the fixed-ratio schedule. 
The  variable-interval performance stabil- 
ized quickly. The  number of responses 
required for reinforcement on the right 
(fixed-ratio) key was then increased to 
120 over 27 experimental sessions. T h e  
larger number of responses required for 

10 MINUTES 

Fig. 1. Cumulative curves of responses on the two keys. Record A, responses on the right- 
hand key; reinforcement was on a fixed-ratio schedule. Record B, responses on the left- 
hand key; reinforcement was on a variable-interval schedule. 
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reinforcement on the fixed-ratio key pro- 
vided a longer period of time in which 
sinlultaneous presses of the variable-in- 
terval key could occur. 

Figure 1 is a graphic record of a corn- 
plete daily performance. Responses cu-
mulated against time givc a curve whose 
slope depicts the moment-to-moment 

used its left hand 011 the left key its 
right hand on the right key. In many in- 
stances, it pressed both keys simultane- 
ously, despite the large difference in t l ~ e  
rate of piessinq on the two keys. Ap- 
proximately one-third of the responses 
on the variable-interval key coincided 
~vit!l press~s of the fixed-ratio key. Food 

Table 1. Comparison of subcutaneous fat 
thiclinesses in adult males and females. 
The sex difference in fat thicliness is sig- 
nificant beyond fi = 0.01 except for the 
deltoid pocket and iliac crest. 

Median values Fat 

Fat (mm) ratio 
measure- fe-

ment lo7fe- 81 male/ 
males males male 

changes in the rate of pressing the key. that rvas recei~~edfrom reinforcement 
Presses of the right key are recorded in of responses on the left key !\as taken 

Lateral arm 
Medial arm 
Deltoid pocliet 
Iliac crest 
Trochanteric 
Lateral leg 
Medial leg 
Anterior leg 
Posterior leg 
Stature (cm) 
Weight (kg)  

the top curve (record A ) ,  and presses of 
the left key are recorded in the bottom 
curve (record B ) .  The discontinuities it1 
the top curve represent the resetting of 
the recorder pen when it reached the 
limit of its excursion. In  ordcr to give 
more compact presentation, the parts of 
the curve in record A are not picced to- 
gether. Because both records were taken 
simultaneously, a given distance along 
the abscissa represents the same point in 
time for both curves. The  insert in the 
loner right-hand corner of the figure 
shows the coordinates and scale of the 
curves. The four slope lines in the insert 

from the mapalme and eaten whlle the 
animal continued to operate the right 
key in the characirrirtic manner. The ex- 
tent of thc disturbance can be seen by 
examlnlnq the top curve in the v~cinity 
of the small arrows, which indicate the 
exact point of food delivery occurling 
because of reinforcement of responses on 
the other key. 

The  technique used in this experiment 
demonstrates a method \thich could be 
used for studying bilateral independence 
(as, for example, the hand independence 
exhibited by a pianist when his left and 
right handy play at different tempos) in 

indicate reference values for various rates 
of responding in responses per second. 
Reinforcements are marked by the short 
marks oblique to the curL7e. The lower- 
case letters a b o ~ ~ c  the curL7es are used to 
refer to details of the curve. 

For the most part, the perfornlances 
of the animal on both keys are similar 
to those that would develop singly with- 
out interference from the behavior 011 

another key. Presses of the right liey 
(top curve) tend to be sustained at 3 to 
4 responses per second, while presses of 
the left key (bottom curve) occur at 
about 0.1 per second. The siml~ltaneous 
reinforcement on the two schedules of re- 
inforcement, however, produced devia-
tions from performances that \roulcl 
emerge if these schedules of reinforce-
ment were arranged singly. Major devia- 
tions froin a normal fixed-ratio perform- 
ance occur as IOTV rates of responding, as 
in the seqments marked a and 6.The rate 
of pressing accrlerates graduallv in the 
segments marked c and d ,  instead of the 
noimal abrupt shift from a pause to 
a high rate as in the segments marked 
h and k ;  and bursts of responding sepa- 
raicd by brief pauses occur, as in the 
segments marked g, i, and I ,  where high 
rates of pressing are sustained, reaching 
values as high as six presses per second 
for brief periods. These performances 
may be compared with the segments be- 
tween e and f, which show a normal 
fixed-ratio performance. Major dcvia-
tions from a normal performance on the 
variable-interval schedule occur as brief 
bursts of responding at hi2h rates, as at 
m ,  n,  o, p, and q .  These can be com-
pared with the low, constant rate of re-
sponding that prevailed for most of the 
session, as in the part of thc curL7e bc- 
tween o and p. 

For the most part, the chimpanzei. 

an animal subject. The ability to main- 
tain two different kinds of behavior si- 
multaneously could also have applica- 
tion in thc study of einot~onal side effects 
of some psychological bariables. For ex- 
ample, thc performance on one key 
could be used as a baselincl for the emo- 
tional side effects of a chanqe in the 
schedulc of reinforcement on a second 
key. 

C:. B. FKRSTER 
Yerkes Laboratories of Primate Biology, 
Orange Park, I'lorida 
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Fat Weight and 

Fat Placen~ent in the Female 

The  measurement of body fat relates 
to two distinct problems, the amount of 
fat (fat weight) and the distribution of 
fat (fat placement). Aithough consider- 
able information has been gathered on 
fat weight and fat placement in the male, 
comparable data on the female are 
meager. One set of estimates of body fat 
for adult females was of necessity based 
on skin-fold measurements of E n ~ l i s h  

0 

outpatients and extrapolations from 
body-fat determinat:ons made on guinea 
pigs ( I ) .  

Standardized soft tissuc x-rays were 
tdken on 107 healthy, adult, American- 
born m70nlen, aged 20 to 60 years, ~vi th  
a mean agc of 39. Comparable roent-

penograms were made on 81 clinically 
healthy adult males, of equal age range 
and of a mean age of 40 years. The two 
groups were drawn from the same popu- 
lation. Fat-shadow measurements were 
made at the following sites: lateral arm, 
medial arm, deltoid "pocket," iliac crest, 
mid-trochanteric, lateral leg, medial leg, 
anterior leg, and posterior leg ( 2 ) .  All 
distributions involving fat were highly 
skewed: median rather than mean val-
ues are therefore reported. 

The  women exceeded the men in 
seven out of nine fat-plus-skin measure- 
ments, with female/male ratios for sub- 
cutaneous fat up to 1.89. The actual dif- 
ferences, which were all significant at 
p = 0.01 or better, ranged up to 13.5 mm 
for trochanteric fat (see Table 1 ) . How-
ever, in ~ T V Othicknesses (deltoid "pocket" 
and iliac crest) sexual dimorphism was 
not complete; here male fat thicknesses 
were absolutely but not significantly 
greater. This confirms other evidence 
that for particular subcutaneous fat sites 
there may be a re~~ersalof the usual 
trend ( 3 ) .  

From the intercorrelation matrices, 
trochanteric fat emerged as the best sin- 
gle predictor of total fat for adult males, 
as previously reported ( 4 ) ;  iliac crest 
fat had the greatest communality with 
other fat sites for the female. The weight 
of fat, fat values, and constants appro- 
priate for each sex were then estimated, 
on an individual basis, using the prcdic- 
tion formula (5) 

The estimated median weight of fat for 
the females was 13.7 kg, not markedly 
greater than the median of 12.6 kg for 
the males. Estimates based on other ccn- 
tral fat sites were vrry similar. 


