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The considerable succcss attained with this techniquc 
in  so large a group allows fo r  similar and rclated uses in 
ficld partics of various kinds. Such applications can bc 
applied easily to almost any type of field invcstigation 
or construction opcration utilizing more than one man. 
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Longevity of the Tropical American 
Toad, Bufo nzarifzus E. 

Though toads arc  ltnown to livc fo r  many years, thcrc 
are few publishcd rccords detailing thc mcthods under 
which longevity tests have bcen conducted. In thc cx-
perimcnt described hcrc the toads wcrc confined in a cagc 
8 f t  long, 4 f t  wide, and 2 f t  high. It was covcred with 
strong, galvanized screen of 1/8-in. mcsh, attached to a 
heavy franleworlc of concrcte posts. Iron shccting, 1 f t  
wide, was imbedded vertically i n  the ground just insidc 
the walls to a dcpth of 6 in. This was to prevcnt any 
possibility of toads' burrowing out. A strong door, pro- 
vided with a padlock, was built i n  the top of the cage. 

To gct toads fo r  thc tcst, eggs wcrc collcctcd on May 
26, 1933, from a reservoir near Honolulu, where a fcmalc 
Bufo, attended by a male, had bccn observcd laying a n  
cgg string. Somc of thc cggs were placed in a pan of 
watcr and hatched on May 29. The larvae werc given 
grecn algae and boilcd rice, on which thcy thrived. Meta-
morphosis was complctcd by June 30 and thc toxdlcts, 
measuring about 6 mm in length, wcre placcd in the cage. 
Thc ground was kept wct, and the cage was partially 
shadcd. A small brick-lined retreat was eonstructcd in 
one corner. Quantities of ants wcrc supplicd for  food a t  
frcquent intervals. Within a few weeks the toads had 
grown sufficiently to takc largcr insccts, and by Octobcr 
1,when they wcre 3 months old, they wcre from 23 to 3 
in. long and ablc to swallow almost any insect givcn thcm. 

Thc expcriment started with 26 toads. By thc time 
thcy wcrc 6 months old, whcn many of them had rcachcd 
a lcngth of 4 in., the problcln of feeding thcm sufficient 
insects bccame acute. Thc population was thinned to 

ninc toads, consisting of live f cmalcs and four malcs. By 
setting appropriate traps, coclcroachcs wcrc caught to 
fecd thc toads. Many hundrcds of roaches wcrc placcd 
in  the cagc weclrly. A largc pan of water was also sup- 
plied, hut nonc of thc confined toads ever laid any cggs. 

This experiment continued until May 14, 1949, whcn 
the last  toad-a largc female-died, a f tcr  bcing undcr 
almost daily observation fo r  15  ycars, 10 months, and 13 
days. She had consumed during her lifetime, according 
to our estimate, about 72,000 cockroaches. The other 
cight toads in the tcst had lived from 83 to 14 ycnrs. 

or a t  least compcnsated for. A t  the Massachusetts Insti-
tute of Technology thc authors have been working on a 
mcthod of replacing hearing by tactile stimulation. I n  
this method a sound is earricd from a microphone to  a 
bank of Gltcrs. The output of caeh of thcse filtcrs, ex- 
rcpt possibly thc lorv f r eq~~cncy  stagc, is  rectificd and uscd 
to modulate a low frcquency carrier and the output of 
thesc carricrs as well as of thc possibly by-passcd low frc- 
clucncy stage, is  carried to a numbcr of stimulators, which 
may bc propcrly designcd electrodes or may be electro- 
rna:<nctic vibrators rcsting on suitablc points of the skin, 
such as  thc fivc fingers. This produces a pattern of stim- 
ulation which wc have alrcady provcd by cxpcrimcntation 
to possess a high degree of recognizability and which we 
hopc ultimately to embody in a portable apparatus by 
which wc expcct tlrat the totally dcaf can participate in 
active spccch. 

111 designing this apparatus wc bavc lirst had to con- 
vincc oursclves by thc theory of the Vocoder that  tllc 
amount of information which could bc transmittcd by 
this transmittcr, on thc basis of acoustical spccch, was of 
sufficient magnitude to furnish an  aclequatc basis for  the 
understanding of words. Wc thcn workcd on thc prin- 
ciple tha t  in using a n  inIcrior sensc, such as  touch, i t  was 
ncccssary to cut the inconling information to that  which 
is  semantically suffieicnt so as  not to overload thc rc-
ceptors of thc skin and prolong thc learning period. I n  
doing this wc have llad to transfcr part  of the cortical 
function of thc ordinary hearing mcchanism to an  elcc-
tric:d system outsirlc thc body. Thc severe limitation of 
thc amount of information which exists when onc trics t o  
transfcr onc of the cortical functioiis to an  cxternal ma-
chine should hc a guiding principle in othcr scnsory re-
placements, such as  those for  thc blind. 

It is  most inlportant in all such prosthetic apparatus 
tha t  the paticnt should not scparnte the problem of active 
communication, such :ts spceclr, from that  of passivc com- 
munication, such as  hcaring. I n  the normal individual, 
specch is maintainrd a t  a high level only by the continual 
monitoring of the speaking person in which, a t  no time, 
is hc unable to comparc his own spccch with tha t  of 
others. This is equally important, or even more im-
portant, in artificial mcthods of communication such as  
we arc devising. Thc portability of thc apparatus is  not 
an  ndvantagc, but i t  is a nccessity.1 Under these con-
ditions, as  we havc alrcady demonstrated experimcntally, 
the patient immcdiately bcgins to improvc the cluality of 
his speech by comparison and his voice bcgins to losc i ts  
dcaf-mutc deadness. 

We suggest thcse principles as a basis for  further work 
in sensory replacement. 
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Some Problems in Sensory Prosynthesis 

There is  a t  present a vcry considerable amount of 
intcrcst i n  devices by which lost scnscs can be replaced 
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lThe importance of feedback in the learning process is 
discussed a t  length in the book Ctjber~zetics by Norbert 
Wiener, published by John Wiley & Sons. The apparatus 
employed in the course of the research reported above is de- 
scribed in the December 15, 1948 Quurter ly  Progress  Repor t  
oC the Research I~aboratory of Electronics, Massachusetts 
Inslitutc of Technology. 


