
567 May 26, 1950, Vol. 111 SCIENCE 

most of them being on the vast island of New Guinea, 
which coinpriscs 330,000 of the 371,000 square miles 
of land in the conlorence area. 

Financial support fo r  the comnlission cornos from 
thc meinbcr governments, ror~tributions being fixed by 
the agreement which created the commission. Contri-
butions to the annual budget are rr~ade as  follows: 
Australia, 30 percent ; France, 1 2 t  percaent ; the 
Netherlands, 1 5  percent ; New Zedand, 1 6  percent ; 
the United Kingdom, 1 5  percer~t ;  the United States, 
124 perccnt. The budget f o r  1950 is slightly in  ex-
cess of 144,000 pounds sterling. 

Terhr~ical assistanec to the various territories in  its 
area is of vital concern to  the corrimission. Altl~ough 
the organization is entirely separate from thc United 
Nations, liaison is rtrair~tained with the UN arid such 
of its affiliated and subsidiary hodies a s  will have 
corrirrlorl corlcern in  the South Pacicc. This is particu- 

larly true in regard to the World Health Organization, 
the Food and Agriculture Organization, and thc Indo-
Pacific Fisheries Couneil. The S.P.C. is patterned 
after its successful prototype in the Wcsterr~ Hemi- 
sphrre, the Caribbean C'orr~rriission, several of the 
salllcl rnernl.)er governnlcnts being aonc.errled. 

Now that thc South Pacific. Commission has gone 
through its organizational period and has cstablishcd 
a ronerete program of activity, it (.an be cxpcctcd 
that there will be a n  accelerated allnek on the prob- 
lems of the peoples of thc South I'aeifi e. Within the 
prcsent year results should be incrcasingly evident, 
although rrlariy of the problerns of the a res  are of 
snd i  a rialure that solving t11clri will rcquirc cumu-
lative effort over a period 01 years rather than months. 
'I'he significant fact  is that six nations nre workillg 
cooperatively to meet thc common needs of the island 
peoples ill t,hc trrritories of the South Pacific i n  w1liel.1 
they hold pol;lical responqil~ilitics. 
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Thc action r)otentinls of the auditory ncrve as re-
corded frorr~ the round window of the cochlcn in the 
anestl~ctiacd cat or guinea pig are subjcet to masking 
by other sounds. This is most casily demonstrated in 
tlre resporise to cliclrs of low intensity, where the action 
potentials are well developed aiid suEcicntly separai,rtl 
in time fro111 the aural microphonic for the two compo- 
nents to be readily distinguisllcd. T n  the presence of a 
tone or noise of suitable irrterrsity the neural component 
is immediately reduced in amplitude, whereas the micro- 
phonic renlains unaffected. 

Masking has been explained I J ~Stevens and Davis 
(6) :is a necessary consequence of the properties of ill(. 
auditory nerve: the lnaskiiig sound excites tlre rrerve 
fibers and keeps them refractory, so that they are 1111-

able to respond syncl~ronously to the cliclis. Tlle au-
tllors qualify this explanation, however, by stating that 
such a L'line-busy" effect is not necessarily the only 
nrechxnis~lr irlvolved in  masking. 

We have recently observed that when a brief noise or 
tone is sourrded during stimulation of tlre ear by a train 
of clicks, the action potentials of the click response, 
wllicll must represent the slirrr of the activity in many 
fibers, recover their full amplitude orlly after 0.1 sec or 
more, a pcriod far  in excess of thc rrlasimum possible 
duratloll of the refractory period of the nerve fibers. 
Here, then, is a phenomenon which must represent a con- 

tinunti011 of thc maslring process, but which cannot be 
explained on the basis of the refrnetory state alone. I n  

-

I SEC. 

I . I .  Photol~ymogragh records of rccovcry of action 
;)ntrntinlu of click response Ti.om round ~vindow alter mask-
ing hy tlicrtxial noise for 1.3 scc. Al)ovr, noise at 50 dl) 
relative to 0.0002 dync/cm2; below, noisc at TO db. Clicks 
:~Ronl:30 db above lhreshold for action potenlial. Cat, pento- 
hsrhitnl anesthesia. 

Fig. 1 tlre action potcnti:.ils return to full size approxi- 
matirly 0.3 scc after a thermal rroisel of 50 db (as nreas- 
ured at  tlre cat's ear by tlre General Radio sound level 
meter) has I~ccn turned off, and approximately 1 sel: 
after a nvise of 70 db. The rs.te of recovery after mask- 
ing a t  50 dh  is independent of the duratio~l of the r~oisc 
and is unaffected by repetition. When the intensity of 
the masking sound is ineres.sed reoovery bccomes slower, 

17'11at is, 11oise of wide frecluorrc.y spectrum, ofl.nn callccl 
"wl~ite" noise. 



568 	 SCIENCE May 26, 1950, Vol. 111 

R E C O V E R Y  OF CLICK RESPONSE FROM R W  AFTER MASKING ... 

T R E R M ~ LNOlSE FOR I SECOND 

TIME AFTER MASKING SECOND5 

1 . .  2 .  1Lcr.ovi.ry ol action potentials or cllcli response 
from ronnrt w in t lo~  afler masking by t11crrn:~l noise at  levrls 
irtdirale(1 to1 1 her The points arc ~)lolletl from measurr- 
rncnls of series of 2 to 5 records sirn~lar to those in Pla. 1 
Avcragc height of resporlscs immediately before masking taken 
as controls. Cat, perrtobarbital anesthesia. 

ns i l l~lstrated ill F i g  2. Above 70 dh there i s  a eunlula-
tive irnpa~rlnent of the response, arld an  increase in  the 
cll~ralioil. of Lhc nlasl,ing fulther delayti 1ccoveI.y. After 
expos~~reto  11o1sc a t  93 dh f n ~  1 nlin the neural corn-
1'011cnL is teuiporarllg elimin:rted and cvcrl the mlcro-
phonic is  sliglitly red11rc.d ill arr~yhtudc. 111 3 to 4 mill, 

however, both rnrnyoncnts rccovcr completely. 
Tonal stinmlation wit11 frequencies in tile virirlily of 

4000 cjclcs pcr see is  partica1:irly rffcclive, both in  
maslimg the click response and ill ea~rtiinji delayed recov- 
ery after m:tqking. This l r~ay rrleaii only tha t  the click 
activ;rtes predon~innntly tllose nerve fibcrs whicll respond 
to such hi@ freqnencieti; on l l ~ e  other hand, it i s  in ac-
cord with the 1~uorn11 seusitivity of lhc human ear to the 
in juriol~s effects of this pol tion of thc audible spectrum. 
After exposure to  4000 c a1 112.5 db for  1mill, the micro- 
phonic is  redaced I.>y .~pp~ox i l r~a t e ly  ant1 the actioli 30% 
potentials are nholishecl fol s t  lvaqt 3 h r  

Slncc thc refractory period of the auditory nerve ii-
bcrs, wllicll is  esiirnaLeti by Davis (6) as  approxi~iiately 
1msec, is  far. too s h o ~ t  1 0  aceonnt for  thcs slow recovery 
of the action potentials after ~ncrskirlg, we we1 e :it Ill s t  
ir~clincd to a t t ~ i h u l e  this tlelay to thc tirnc rcquircd for  
relamtion of the intra-a111 :%lmawles, wllicll we qnppoqerl 
to  I.>c reflexly coiitraelctl in rcsponsc to thc masking 
sound Thiq exl>lanatioii is  inconeet, however, for two 
reasons: 1) A t  moderate levels of maslri~lg only the ac- 
tion poicniials rccovc! slowly, whe~eas  the rrlieropho~lic 
rcmair~s a t  full size throughout; I.>oth compoiicnts should 
b r  affceled in the sarrle way hy a c l~ange in tension of 
thc intm-aural musclcs. 3) Whcn thc gui~lca pig gives 
a bric3f eontr:retion of these 111use1cs during stirrlulation 
with a low to~ lc  a ~ l d  a t m i ~ l  of clicks, tllc micropho~lic 
respouse to the toll(. is te r r lpn~a~i ly  supyrcssed but the 
response? to clicks show little if any change in ampli-
tude. This is  illustrated jn Fig.  3, where tlie effect of 
a sponti~r~eouscontraction is  eorrtpared wit11 tlle masking 
action of lioiqe a1 70 rlb. From thls onc may eolielurle 
tha t  the intr:t-aural reflex causes little or no loss in the 
transmission of Lhc clicli stimolus across thc middle 

P I C .  3. rvcovvry or aclilrrr 1)otcnLi:ils or clickAl~ov~~,  m-
splrrrse from 3rd tnrn of cochlea after brief bnrsl ol' noisc ;rl  
7 0  dh. Eelow, effect of spontaneous contraction of inlr.3-
::urn1 rrruscles on responses to 500-cycle-per-see tone and train 
01' cliialis, holh I - ~ I I I  inilons Ihroirghont record. C: uirrea pig, 
pen1 oharhil a1 aneslhssia. 

car and thoroforc ca.11not be r c s~ )o~~s i l ) l e  for  the slow re- 
covery of tho n.ction pntcntia.1~ a.fter mwslring. 

Our observations, ~vhicll indicate tha t  maskii~g is  not 
a matter of ma.intnined refra.ctory stnte nlonc, unfortu- 
nately do not reveal tlie nxturc of tlie o t l~cr  factors eon- 
ccrrlcd in maslrirlg. Intraeoehloar i1111il)ition a.s doseril)c?d 
by Ga.la.mbos ( 3 )  m:i.y I.>e ii!oolvecl, but can scarccly ac-
connt for the prolonged efCcet of iliorc inlonsc sol~nils. 
The change need not reside in the nerve fibcrs, but may 

rcprcsent a 1cnll)ora.ry doplotiorl or "e:~nilibr:rtioii7' (d) 
of the n~cchaiiisrrl which Lra.nsrr~its exait:~.tion froir~ t,he 
hair cells to the fiber terminals, so tha t  cvcilaliorl be-
eorrlcs ina.ilc~ln:rte for most of the tihers previously re.  
spondirlg to i,11~ clickti. This mechanism appears f ~ o m  
other cvidcnce, sue11 as tllo rc?n~:i.rka.ljle serlsitivity of the 
auditory nerve lo a.noxia (6) ,  to he tlle v~llnershle link 
in an  otherwise ruggcd system, 

Thc more lasting rt?duction of tlle nearal response 
af ter  iiitciise sl.irr~ulatioii is  prob:thly the electrophysio- 
logical correlate of :tnditory fatigue or tenlpormy deaf- 
ncss in rrlan after exposure to loud SOUJ~~~S."Acoustic. 
injury 11:ts previously lnceii studied in aninralti ouly :rfi.cr 
exposures to inte~lsities suffic:ic?nt to  :rffect the nlicro-
pho~lic response or to ea.use structural c1am:~ge to the 
organ of Coyti (scc rcferenees 1,4, 5, 7 ,  ar~long others). 
Tn i t s  reversible forrn i t  uom appears to  be at1 extension 
i ~ ltirne a.td in degree of the process underlying nurlitory 
masking. 
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ZA more intensive study of Ihis nspcct of t t ~ r  ptrenomcnon 
has hscrl nlnilc by Rosc~rblith nncl Cnlarnbos following their 
indcl)crrder~t cliscovery of it at  the IIarvnrd l'syctro-Aconslic 
T,nbol':~lory. 7i!l11!i r and r* \vorc rcl>orLcYl a t  ill0 i indi~~gs C I ~ I  

November, 1040 (St. Idnuis) mcctim:: of 1he Aconst.ica1 Society 
of America. 


