
high temperatures employed in the flame-drying proc- 
ess in  the commercial xilanufacture of herring meals 
are  responsible fo r  the low folic acid content of these 
meals. 
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Reactions of the Porpoise to 
Ultrasonic Frequencies1 
W. N. Kellogg and Robert Kohler 
Oceanographic Institute, 

Florida State Universi ty ,  Tallahassee 


Tvhales and porpoises make many varieties of 
sounds under water (1-6). I n  the case of the bottle- 
nose dolphin, Tursiops trupzentzts (J lontagu) ,  these 
can range from a low growl and groanlike sound, in  
the general pitch range of the bark of a seal or sea 
lion, to  a shrill whistle which xilay go to several thou- 
sand cycles/sec (4, 5 ) .  Little is known of the way in 
which the porpoises themselves respond to such 
sounds, although they have been observed to react to  
artificial noises produced under water. Howell ( 7 )  and 
Fraser (2) report that the use of a supersonic depth 
finder by a vessel near a school of porpoises will iln- 
mediately drive them away. 

The acoustic receptor of the porpoise, moreover, is 
a highly de~eloped organ especially adapted to re-
ceive sounds in a inediunl as  dense as  water (8 ) )  yet 
the olfactory or chemical sense, which is present in  
most fishes, is absent altogether in  these cetaceans (5, 
8 ) .  This is no less than astonishing in view of the fact  
that porpoises obtain all their food under water. There 
aniinals must consequently locate food by some sense 
or senses other than olfaction; quit'e likely by vision 
and by hearing. 

Evidence from neuroanatomy supports fur ther  the 
view that audition is a dominant, if not the dominant, 
sense in the porpoise. The temporal lobes, including 
the cortical area f o r  acoustic reception, a re  tremen- 
dously enlarged (8, 9) .  I n  fact, in the case of T. 
ti~ineatus, the cerebral hemispheres are  in  some cases 
actually wider than they are  long. Such a development 
parallels the enlargement of the frontal lobes in man, 
or the unusual size of the- d k c t o r y  bulbs in  the dog. 
The anatomical data point, therefore, to  a kind of 
superacoustical area in the cerebral cortex, which in 
turn suggests a functional capacity, so f a r  as  hear- 
ing is concerned, which may f a r  exceed that of other 
aninrals. 

Preliminary observations on the auditory sensitivity 
of the porpoise were recently made a t  the Marine 
Studios a t  BIarineland, Fla., where captive animals 

Contribution No. 4 from the  Flor ida  Stnte  C n i v e r s i t ~  
Oceanogrnphic Ins t i tu te .  

are  available fo r  scientific study. The subjects included 
1 2  individuals, 1 0  of which were 7'. truncatus, and 
2 long-snouted dolphins, Stenella plagiodom (Cope). 
These animals were kept together in  a large circular 
tank 1 2  f t  deep and 75 f t  in diameter.z The sound- 
producing gear consisted of a n  oscillator with a fre- 
quency range of 20-200,000 cps, which activated a 
20-117 alnplifier whose response characteristic was es- 
sentially linear to 100,000 cycles. Projection of these 
frequencies into the water was acconlplished by a 
USRL transducer, type l K ,  which was lent by the 
U.S. Navy on c ~ n t r a c t . ~ONR That the equipment 
was capable of faithfully transmitting vibrations in 
TT-ater u p  to  200,000 cps was empirically determined 
by a special hydrophone and underwater sound pickup 
a p p a ~ a t u s ,  recording through a n  .~~'leilloscope. When 
used with porpoises, the apparatus  was adjusted so 
a s  to  produce a minimum underwater sound pressure 
of 4.03 dynes/cin2 a t  a distance of 4 nl from the trans- 
ducer. 

Since the observations were to be made in terms of 
the reactions or responses to  audi+my vibrations alone, 
and since porpoises are  notoriously wary of strange 
objects in the water ( 5 ) )  it  was necessary to allow a 
preliminary period of adaptation or adjustment to 
the visual appearance of the transducer before any 
of the actual sound tests were begun. To this end an 
exact wooden replica of the transducer was con-
structed to be used as  a kind of stage "stand-in" for 
the real article. This illode1 was kept intermittently in 
the tank a t  a fixed place and depth (ca. 5') for a 
period of 2 weeks before the genuine transducer was 
substituted for  it. I n  this way the porpoises learned to 
adjust to  the sight of the new object and to accept it 
as  a regular par t  of the environment. 

The sound stimuli given in the tests were presented 
in short units or bursts of 2-3 see. The bursts were 
given independently, and the porpoise reactions before 
and after each stinlulus were compared. The time in- 
terval between stinluli was irregularly varied from 30 
sec to severaI lilillutes during any single period of ob- 
servation. Two to 4 observers were continuously on 
hand a t  the windows or portholes in the sides of the 
tank beneath the water level whenever tests were con- 
ducted. No stimulus was ever credited with producing 
a positive response unless all observers agreed that 
such a response ha$ occurred. Since the projector or 
transducer focused sounds in a concentrated cone of 
76') the sound stimuli fo r  testing were found to be 
most effective when the animals were swiinnling withln 
this cone. The relative uos i t ion~  of observers. trans- 
ducer, and porpoises are  diagrainmed in Fig. 1. 

The porpoises were in continuous illation both dur- 
ing periods of daylight observation and during night 

2 The wri ters  ~ v i s h  to tnke th i s  oppor tuni ty  t o  thnnk the 
mnnngement of t he  Marine Studios, nnd especinlly F. G 
TVood, J r . ,  curntor,  for  permission to make these observa-
tions, and  for  generous a id  a n d  cooperation. 

J Invalnnble  technical a n d  consulting nssistance on the 
projection and  propagation of underwater  sound frequencies 
was  obtaiaed from the  U. S. Nary  Mines Countermeasures 
Sta t ion a t  Pannmn City, Fla., and  from the  ONR Sound 
R ~ f e r e n c e  Laboratory  a t  Orlando, Fln. 
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FIG.1. General arrungenlent for  studying the reactions of 
captive porpoises to underwater sound frequencies a t  tlie 
lfarine Studios, Marineland, Fla.,  showing the location of 
observers and transducer, together wit11 the direction of 
rrlorement of tlie animnls observed. 

observations, which were made u p  until 1 0 :  00 P. &I. 

They circled the - tank a t  an approximately constant 
"cruising speed," i n  groups of 2-6-almost always 
moving in a clockwise direction against the current 
in the tank. The reactions made to the projected un- 
derwater sounds were alterations in, or modifications 
of, the regular circling behavior, which was always 
present. The direction of swimming was generally not 
changed (except in  special cases described belo~i-), 
so that the total response was neither an approaching 
nor an avoiding reaction. I t  was instead a n  immediate 
speed-up in the rate of locomotion. There was an 
abrupt increase in the vertical nloveinent of the hori- 
zontal tail flukes, accompanied by a lunge forward, 
or sudden increase in swimming speed. This increase 
in speed would last f o r  several seconds after the ter- 
~ilination of the stimulus. An analogous response in  
man would be described as  going from a walk to a 
run, or in a horse as going from a trot to a gallop. 
Reactions of this sort were elicited by the sound 
stimuli when the porpoises were on the side of the 
tank nearest the transducer, as  well as when they 
were on the opposite side of the tank, 50' or 60' from 
the source of the sound. 

The range of hearing as measured by this iuethod 
extended from 100 to 50,000 cps. Particular atten- 
tion was paid to  the higher frequencies because of the 
special and unusual nature of this r e ~ u l t . ~  Responses 
could also be obtained to porpoise sounds played back 
to the animals from tape recordings of their own 
noises, as  well as  to the sound of the human voice and 
recorded music. I n  the case of the lower frequencies, 
holvever, a considerable increase in  gain or volume 

4Subsequent tests, completed too late  to be included in 
this article, were made on 2 young captive females (T. trun-
cn tus )  a t  the Lerner Marine Laboratory a t  Bimini, B. W. I. 
Water noise was almost nonexistent, and conditions on the 
whole were more favorable for  making accnrate meamre-
ments of auditory sensitivity. The upper th re~hold  under 
these circumstances was found to be closer to 80,000 cps than 
to 50,000 cps. A more detailed report covering these new 
findings will be published later. 

was necessary in order to get results. The high level 
of background water noise in the tank, which probably 
inasked the lower sounds a t  ordinary intensity levels, 
was no doubt responsible fo r  this fact. 

The reactions produced by oscillator frequencies be- 
tween 100 and 400 cps were, it  should be noted, pecul- 
iarly different from those occurring within the range 
of 500-50,000 c. The lower tones appeared to disturb 
the animals a great deal more. Instead of simply 
swimming faster to a particular sound burst, they 
\~-ouldbreak u p  their s~v i~nming  formations, and some- 
times dive out of the water, swerving thereby froin the 
custonlary circular pathway around the tank. At  times 
they seeined to charge or "attack" the transducer 
as a result of these low-frequency vibrations. I t  is 
possible in  such cases that they were "feeling" the 
vibrations as  tactile stimuli through the skin. 

A t  least three significant inferences may be drawn 
from these data : 

1 )  I f  the underwater frequencies which were pre-
sented affected the acoustic receptors of the porpoises, 
this means that these animals must possess a n  excep- 
tionally high upper limit of hearing, extending ap-  
proximately 30,000 cps beyond that of man. I n  this 
respect the porpoise may reseinble the bat, although 
within a somewhat lower range, since the bat can 
probably hear sounds u p  to 120,000 cps (10).  

2)  I f  the vibratory stiinuli did not affect the ear, 
then the porpoise inust possess some as  yet unknown 
mechanism f o r  reacting to high-frequency vibrations 
in water. Tests made with the present apparatus have 
indicated that human subjects are  unable to sense 
water vibrations on the skin even when the frequency 
is as  low as  2500 cps. 

3 )  I f  the first interpretation is correct, i t  follows 
as a unique possibility that porpoises may not only 
hear frequencies as high as  50,000 cps, but that they 
may also produce or emit ultrasonic vibrations. The 
inference seems inescapable that the porpoise, like 
the bat, may orient itself with respect to  objects in 
its environment by echolocatian-ihat is, by the re- 
flection of its own sound waves. Porpoises are excep- 
tionally fast swimmers, and many varieties visit shal- 
low bays and estuaries that are often murky and 
turbid. They also navigate a t  night. I n  instances where 
light penetratian is low because of sedimebt in the 
water, or because of darkness, the visual receptor 
would be of little value in locating submerged piling, 
boats or ships, the ocean bottom, or possibly schools 
of fish fo r  food. 

The particular advantage of ultrasonic frequencies 
in this connection is that such frequencies would be 
less subject to masking by the ordinary background 
noise that exists in water-such as  the sound of waves, 
the rush of water which occurs during rapid swim- 
ming, the sound of propellers, or the underwater 
noises of other organisins known to be generally in  
the lower frequency range (11) .  

The cetaceans may consequently have used sonar 
long before it  was ever thought of by man. At  the 
present writing, this possibility is of course no more 



than a n  interesting speculation, to  be investigated in 
the future. 
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The Function of Vitamin C in 
the Adrenal Cortex1 

C. D. hug he^,^ M. J. Swenson, 
G. K. L. Underbjerg, and J. S. Hughes 
Departments of  Physiology and Chemistry, 
Kansas State College, Manhattan 

Under usual conditions the adrenal cortex produces 
two types of compounds. One type, which includes 
cortisone (17-hydroxy-ll-dehydrocorticosterone) , is 
more highly oxidized than the other type, which in- 
cludes desoxycorticosterone. These compounds seem 
to have the opposite effect on the development of 
arthritic lesions in  the scorbutic guinea pig ( I ,  2) .  
The injection of cortisone tends to  inhibit the develop- 
ment of these arthritic lesions, whereas the injection 
of desoxycorticosterone promotes such lesions. 

Since cortisone prevents the development of severe 
arthritic lesions in the scorbutic guinea pig, i t  inay be 
concluded that fo r  some reason the adrenal cortex 
does not produce a n  adequate amount of this type of 
hormone when the guinea pig receives a diet deficient 
in vitamin C. On such a diet the adrenal cortex con- 
tains very little vitamin C (3 ) .  

Oiie explanation f o r  the failure of the adrenal 
cortex to  function normallv under scorbutic condi- 
tions could be that vitamin C is a necessary compo- 
nent of the oxidation-reduction system which pro-
duces the oxy-type of adrenal hormones. Such a n  ex- 
planation seems reasonable since it  has been shown 
that vitamin C can serve as  a coenzyme in a biological 
oxidation system (4)  and also that desoxycortico-
sterone can be oxidized in vitro to  cortisone by the 
adrenal cortex in the presence of vitamin C ( 5 ) .  

The adrenal cortex of scorbutic guinea pigs is 
capable of responding to injections of adrenalcortico- 
tropic hormone (ACTH) ,  since it  has been shown to 
reduce the cholesterol content of the adrenal cortex 

1 Contrihntion Yo. 124, Department of Veterinars Medicine, 
and Contribution No. 469, Department of Chemistry, Agricul- 
tural Experiment Station, Kansas State  College. 

2 Portion of a thesis presented as partial fulfillment of the 
requirements for the RI.S. degree in physiology a t  Kansas 
State  College. 

( 6 ) .  From earlier work (3, 7 )  i t  is suggested that  
the adrenal cortex of guinea pigs affected with scurvy 
is capable of producing some adrenal-cortical hor- 
mones when activated by ACTH. I f  this hypothesis 
is true, then injections of ACTH should prevent 
arthritic lesions in a manner similar to the results pro- 
duced by the injection of cortisone ( 1 ) .  

THE EFFECT OF DAILYINJECTIONSOF ACTH, CORTISOXE, 
AND DESOXPCORTICOSTERONESCORBUTICINTO 

GUINEAPIGSON THE DEVELOPNENT 
OF ARTHRITICLESIONS 

Cortone acetate (11-dehytlro-17-hydroxycorticosterone-21-

No. 

Group Of 
p igs  

Daily 
inject ions 

sex-erityof 

a r t h r i t i s  

scorbuticDay"0r 

S ~ ~ ~ , " ~ ~ s  

I 7 xone Very  severe 13 
I1 6 5 m g  cortisone 

acetate* Very s l ight  13 
I11 6 5 un i t s  ACTHP Severe I1 
IV 5 5 m g  desoxycor- 

ticosterone 
acetate* Very  serere 8 

V 6 4.3 m g  v i t amin  C None 

* 
acetate) ,  hferck Bi Co. 

P Corticotropin, Wilson. 
1: Cortate, Schering Co1.p. 

The following experiment was conducted to deter- 
mine whether A C T H  has a n  action similar to  that of 
cortisone in preventing arthritic lesions in scorbutic 
guinea pigs. Five groups of female guinea pigs weigh- 
ing 300-450 g were fed a basal ration deficient in 
vitamin C and injected subcutaneously, as  shown in 
Table 1. The group receiving vitamin C was given 
4.3 nlg each day, as  this meets the requirements re- 
ported by Kuether (8). 

With the exception of the group receiving ascorbic 
acid, all groups showed varied degrees of scorbutic 
symptoms. On the eighth day the group receiving 
desoxycorticosterone showed the first evidence of 
scurvy, and by the thirteenth day their joints were 
swollen and they exhibited signs of pain. After 11 
days the guinea pigs receiving A C T H  were less a c t i ~ e  
than they had been previously, and on the thirteenth 
day symptoms appeared that were similar to  those 
present in  Group IV,  but not as  severe. One guinea 
pig receiving ACTH was afflicted with swollen joints, 
and all the animals of this group showed signs of 
pain. The negative control (Group I )  also developed 
serere scorbutic symptoms by the thirteenth day, 
whereas the animals in Group I1 evidenced only slight 
pain and no articular enlargement during the sanie 
period. 

Administration of desoxycorticosterone and ACTH 
apparently aggravated the arthritic condition, and, 
conversely, cortisone suppressed these clinical mani- 
festations, which is in agreement with previous work 
( I ) .  F rom this experiment it  is evident that the in- 
jections of A C T H  did not stimulate the cortex of the 


