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Responses of commensal roden t s  t o  n a t u r a l  and man-made 

u l t r a s o u n d  were cons idcrcd  i n  t h i s  s tudy.  Both l i v e  and recorded 

u l t r a s o n i c  v o c a l i z a t i o n s  of an i - so la ted  mouse pup e l i c i t e d  

r e t r i e v a l  bchaviour  from l a c t a t i n g  females .  Rapid waning of 

responses  towards sound a1 onc i n d i c a t e s  t h a t  o t h e r  s t i m u l i  may 

al.so be involved,  ,Tuvenilc 1:nttus norvegicus  emi t t ed  long 

(400 - 800 m s )  u l t r a s o n i c  c r i e s  ( 2 6  k ~ z )  when exposed t o  

t h r e a t e n i n g  s t i m u l i  b u t  not when exposed t o  p a i n f u l  s t i m u l i .  

I J l t r a s o n i c  s i g n a l s  were n o t  d e t e c t e d  from s i m i l a r l y  t r e a t e d  a d u l t  

H. norvegicus ,  H. r a t t u s  or >"us musculus. - - -- 

In l a b o r a t o r y  s t u d i e s ,  r a t s  and mice were i n i t i a l l y  

r e p e l l e d  by i n t e n s e  u l t r a sound  ( 2 0  kHz, 130 db a t  1 m). Rats  

became h a b i t u a t e d  t o  t h e  sound over  a p e r i o d  of days.  The 

r e p e l l i n g  e f f e c t  waned more r a p i d l y  wi th  mice, b u t  deafening  a s  

we l l  a s  h a b i t u a t i o n  was involved.  

Rats f eed ing  i n  a smal l  warehouse were completely r e p e l l e d  

f o r  a p e r i o d  of days by h igh  i n t e n s i t y  u l t r a s o u n d ,  b u t  were n o t  

d r i v e n  away. Rats burrowing and f e e d i n g  in a  chicken b a r n  

showed reduced a c t i v i t y  b u t  were n o t  d r i v e n  o f f  when exposed t o  

s h i l a r  l e v c l ~  o f  u l t r a s o u n d .  Domestic rooster ch icks  mainta ined  

growth r a t e s  i n  i n t e n s e  u l t r a s o n i c  f i e l d s ,  bu t  a domest ic  p i g  

showed i l  l - e f f r c t s  . m e  r o l e  of u l t r a s o u n d  i n  n a t u r a l  behaviour  

and i t s  a p p l i c a t i o n  i n  rodent  management i s  d iscussed .  
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GENERAL INTRODUCTION 

The common brown ra t ,  Ra t tus  norvegicus Berkenhout has  a 

long h i s t o r y  of  a s s o c i a t i o n  wi th  man which probably goes back 

t o  t h e  beginning of a g r i c u l t u r e  ( ~ a r r e t t - ~ a m i l t o n  and Hinton 

1920).  The house mouse, - Mus musculus L.,has become commensal 

w i t h  man more r e c e n t l y  (crowcroft  1966). Competition wi th  man 

has  p o s s i b l y  l e d ,  p a r t i c u l a r l y  i n  Ra t tus ,  t o  g e n e t i c  changes 

t h a t  have inf luenced behaviour ( B a r n e t t  1963).  The avoidance 

of unfami lar  o b j e c t s  shown by - R. norvegicus i s  one example. 

The r e s u l t  of t h i s  h igh ly  a d a p t i v e  behaviour i s  t h a t  t r a p p i n g  

and poisoning  campaigns a r e  cons idered  successes  wi th  50 - 75% 

r e d u c t i o n s  i n  i n f e s t a t i o n  ( ~ a v i s  1953; Lindsay -- 2 t  a l .  1971).  

Recent ly,  gene t i c  r e s i s t a n c e  t o  t h e  h i g h l y  e f f e c t i v e  a n t i -  

coagulent  poisons has  been noted i n  v a r i o u s  l o c a t i o n s  o f  North 

America and Europe ( S u t t i e  1973) ; T h i s ,  i n  conjunct ion  wi th  

ever  reducing t o l e r a n c e s  f o r  l o s s e s  of food and f i b r e  t o  rodents ,  

h a s  p laced  new p r e s s u r e s  on t h e  development of more e f f e c t i v e  

c o n t r o l  measures. 

Many o p p o r t u n i s t i c  animals ,  i n c l u d i n g  rodents ,  have h igh ly  

developed d i f f u s e  motor zones i n  t h e  c e n t r a l  nervous system 

which g i v e  a g r e a t  f l e x i b i l i t y  i n  response t o  s t i m u l i .  The 

a l l  o r  none responses t o  s t i m u l i ,  c h a r a c t e r i s t i c  o f  lower 

v e r t e b r a t e s  and i n v e r t e b r a t e s  a r e  not  t h e  only  cho ices  ( ~ u s n e l  

1963).  The young of rodents  respond t o  a wide v a r i e t y  of  un- 

s p e c i f i c  s t i m u l i  by escaping,  but  over  t ime many o f  t h e s e  s t i m u l i  



c e a s e  t o  be e f f e c t i v e ,  evoking only a n  a l e r t i n g  r e a c t i o n  o r  

even no response a t  a l l  ( ~ h o r p e  1963).  The e f f e c t i v e n e s s  o f  

o t h e r  s t i m u l i  p e r s i s t ,  with responses sharpening, p a r t i c u l a r l y  

t o  s t i m u l i  t h a t  have been a s s o c i a t e d  wi th  more a larming conse- 

quences such a s  pa in ,  p u r s u i t  by a p reda to r  o r  o t h e r  noxious 

s t i m u l i .  I n  r a t s ,  t h e  c a p a c i t y  of some s t i m u l i  t o  e l i c i t  

responses  corresponding t o  f e a r  i s  reduced w i t h  i n c r e a s i n g  

f a m i l i a r i t y  over a pe r iod  o f  t ime. They do no t ,  however, 

become h a b i t u a t e d  t o  o t h e r  s t i m u l i ,  f o r  example being p laced  on 

a small h igh  p la t form wi th  no walls. I n  some cases ,  a  stimu- 

l u s  l o s e s  t h i s  c a p a c i t y  t o  e l i c i t  f e a r  very slowly as w i t h  f e a r  

of snakes i n  monkeys. Fear i s  understood t o  be a s t a t e ,  

u s u a l l y  aroused by noxious s t i m u l a t i o n ,  i n  which t h e r e  i s  

autonomic, e s p e c i a l l y  sympathetic,  a c t i v a t i o n .  Ex te rna l  s i g n s  

i n  t h e  ra t  inc lude  more-than-usual defaeca t ion ,  u r i n a t i o n ,  

grooming and o t h e r  a c t i v i t y .  Fear,  as opposed t o  a n x i e t y ,  ' lasts  

only  a s h o r t  t ime ( ~ a r n e t t  1955, 1 9 6 j  p. 249) .  

Severa l  v a r i e t i e s  of  a l b i n o  rats and mice a r e  h i g h l y  

s u s c e p t i b l e  t o  e p i l e p t i f o r m  s e i z u r e s  r e s u l t i n g  from moderately 
I I 

i n t e n s e  a c o u s t i c  s t i m u l i .  These audiogenic s e i z u r e s "  o f t e n  

r e s u l t  i n  dea th  ( ~ i n g e r  1947; F r ings  and Fr ings  1952; Maier 1949; 

Bevan 1955; Busnel 1963).  The i n h e r i t a n c e  of s u s c e p t i b i l i t y  i s  

complex, probably being mul t igenic  and q u a n t i t a t i v e   rings - e t  

a l .  1956; Henry 1973). w i l d  v a r i e t i e s  of ra ts  and mice do not  - 
show such responses  t o  t h e  same l e v e l  of a c o u s t i c  s t imulus  

( ~ p r o c k  -- e t  al. 1967).  



Fr ings  (1948),  on t h e  b a s i s  of  t h e s e  s e i z u r e s ,  was t h e  

f i r s t  t o  suggest  t h e  p o t e n t i a l  of u l t r a sound ,  o r  sound above 20 

k i l o h e r t z  (kHz) as a r e p e l l e n t  t o  wi ld  rodents .  A l l en  -- e t  a l . ,  

(1948) showed t h a t  whi te  mice d ied  a f t e r  1 minute exposure t o  a 

sound f i e l d  of 20 kHz a t  160 - 165 d e c i b e l s  ( d b )  ( r e l a t i v e  t o  

10"~  watts cm2). Death r e s u l t s  from h e a t i n g  o r  absorb ing  t h e  

sound. Aside from t h e  c o s t  involved of  producing u l t r a sound  

of such enormous energy, and t h e  danger t o  non- targe t  organisms, 

u l t r a sound  propagates  poorly through a i r  and i s  absorbed r a t h e r  

t h a n  r e f l e c t e d  from any but t h e  smoothest su r faces .  P e s t  c o n t r o l  

by son ic  d e s t r u c t i o n  would not  appear  t o  have many p o s s i b l e  

a p p l i c a t i o n s .  

U n t i l  r e c e n t l y ,  adequate  audiograms showing t h e  a b i l i t y  o f  

ra ts  and mice t o  hea r  u l t r a sounds  were lacking .  Gourevitch and 

Hack (1966) suggested t h a t  Wistar ( a n  a l b i n o  v a r i e t y )  rats had 

most a c u t e  h e a r i n g  near  40 kHz, and R a l l s  (1967) r e p o r t e d  f e r a l  

Mus musculus t o  have most a c u t e  hear'ing around 20 kHz. However, - 
Brown (1973 a, b), s tudying  responses a t  t h e  i n f e r i o r  c o l l i c u l a r  

l e v e l ,  showed each s p e c i e s  t o  have two peaks, one a t  20 kHz and 

a g r e a t e r  one a t  50 kHz f o r  - Mus; one a t  8 kHz and a s l i g h t l y  

g r e a t e r  one a t  40 - 42 kHz f o r  Rat tus .  The i n f e r i o r  c o l l i c u l u s  

i s  a rudimentary c o r r e l a t i n g  c e n t r e  composed of 3 r d  and h igher  

o r d e r  f i b r e s ,  j u s t  a n t e r i o r  t o  t h e  cerebellum. Rats a re  capable  

of e c b l o c a t i n g  u s i n g  i n c i d e n t a l  n o i s e s  from movement as cues  

( ~ l l e ~  and Rosenzweig 1957). Voca l i za t ions  a r e  no t  thought t o  

be involved i n  t h i s  phenomenon. 



Anderson (1954) was t h e  f irst  t o  repor t  t h e  production of 

pure u l t rasound by small mammals o ther  than bats .  He recorded 

i 
voca l iza t ions  of 25 - 28 kHz produced by caged a lb ino  rats. 

1 Zippelius and Schle idt  (1956) reported u l t r a s o n i c  voca l iza t ions  
! 

1 from t h e  young of severa l  species  of rnyomorph rodents.  Noirotf s 

/ s tud ie s  (1956, 1966, 1968, 1969) on maternal behaviour i n  mice 

1 and r a t s  extended Zippelius and S c h l e i d t t s  observations.  Rat 

pups were a l s o  found t o  vocal ize  u l t r a s o n i c a l l y  (sewel l  1967) 

and o the r  voca l iza t ions  from adu l t  r a t s  were reported ( s a l e s  

1972 a ,  b ) .  However, l i t t l e  information i s  a v a i l a b l e  on how o r  

even whether rodents use  u l t rasound i n  communication o r  on t h e  

e f f e c t s  of i n t e r f e r i n g  w i t h  hearing. 

This work r epo r t s  on s tud i e s  conducted on t h e  func t iona l  

r o l e  of mouse pup vocal iza t ions .  The communicative value of 

t he se  voca l iza t ions  i s  es tabl ished.  Also, t h e  voca l iza t ions  

produced by i s o l a t e d  a d u l t  and juveni le  r a t s  and mice i n  

s t r e s s f u l  s i t u a t i o n s  were examined f o r  u l t r a s o n i c  components. 

The poss ib le  communicative value of ul trasound produced i n  such 

s i t u a t i o n s  i s  suggested. The p o t e n t i a l  of t he se  and mouse pup 

voca l iza t ions  i n  rodent management a r e  discussed. The r e p e l l e n t  

q u a l i t i e s  of high i n t e n s i t y  pneumatically produced ul t rasound t o  

r a t s  and mice i n  severa l  laboratory  s i t u a t i o n s  were evaluated. 

I n  Chapter 2, t h e  r e s u l t s  and conclusions from two f i e l d  

t e s t s  of t h e  r epe l l en t  q u a l i t i e s  of high i n t e n s i t y  ul trasound 

from a  commercial rodent r epe l l en t  were evaluated. Also, t h e  

e f f e c t s  of in tense  ul trasound on t h e  growth and general  behaviour 





GENERAL METHODS AND MATERIALS 

Except where o therwise  i n d i c a t e d ,  a l l  rats used i n  t h e s e  

s t u d i e s  were from a colony o r i g i n a t i n g  from t h r e e  w i l d  a d u l t  

R a t t u s  norvegicus Berkenhout t rapped a t  a ra i lway f r e i g h t - c a r  

c l e a n i n g  yard  i n  Por t  Coquitlam, B r i t i s h  Columbia. The colony 

was maintained i n  a  semi-natural ,  e a r t h  f l o o r e d  enclosure  2.73 

m x 2.73 m x 0.91 m. I n  t h e  second yea r  of  t h e  co lony ' s  l i f e ,  

s i x  a d u l t  rats  were t r a n s f e r r e d  t o  ano the r  enc losure  2.5 m x  1 .0  

m x 0.91 m. A s t andard  d i e t  o f  Purina R a t  Chow p e l l e t s  and 

water  was always f r e e l y  a v a i l a b l e  t o  both co lon ies .  To mini- 

mize handl ing,  Havahart Live Traps were used t o  t r a n s f e r  animals.  

Animals were never used i n  more t h a n  one experiment, a l though 

they  were o f t e n  re tu rned  t o  t h e  breeding  popula t ion .  

Outbred a l b i n o  l a b o r a t o r y  mice - Mus musculus L. and wi ld  

housemice - Mus musculus L. t r apped  i n  a feed  s t o r a g e  b u i l d i n g  

nea r  Langley, B r i t i s h  Columbia, were maintained and bred i n  46 

cm x 46 cm x 15 cm shee t  metal  cages wi th  15 cm x 15 cm x 1 0  cm 

metal  n e s t  boxes. Bedding was a p o l y e s t e r  f i b r e  and f l o o r  

l i t t e r  was ve rmicu l i t e .  A s t andard  d i e t  of  Purina Mouse Chow 

p e l l e t s  and water  was always f r e e l y  a v a i l a b l e .  

Audible and u l t r a s o n i c  v o c a l i z a t i o n s  o f  both rats and mice 

were d e t e c t e d  wi th  a BrZiel and Kjaer condenser microphone, t y p e  

2360.   his microphone had f l a t  response from 8 Hz t o  70 k ~ z  

A 2 d e c i b e l s  ( db) . The s i g n a l  from t h e  microphone was ampl i f i ed  

by a Hewlett Packard p reampl i f i e r ,  t y p e  4 0 0 ~ ,  a t  a g a i n  t h a t  

produced a n  output  of approximately 1 Vol t  RMS. This  s i g n a l  was 



/ recorded on a Precis ion Instrument tape  recorder,  type ~16200,  

a t  37.5 inches per  second ( i . p .  s .  ) .  A l l  recordings were made 

on 1 /4"  Trubui l t  magnetic recording tape ,  type T 1 8 ~ .  Ul t rasonic  

voca l iza t ions  were v i sua l ly  detected a t  the  time of  recording 

with the  VU meter of t he  tape  recorder.  Sound spectrograms of 

s e l ec t ed  recorded vocal iza t ions  were made with a Kay E l e c t r i c  Co. 

Sound Spectrograph, type Sona-Graph 6061-B. In producing 

sonagrams, the  tape  playback speed was reduced from 37.5 i .p.s .  

t o  3.75 i . p . s . ,  e f f e c t i v e l y  reducing frequencies of recordings by 

t h e  same f ac to r .  This was necessary t o  put  t he  u l t r a s o n i c  s igna l s  

wi thin  t he  range of t he  Sona-Graph. Sound l e v e l s  i n  a l l  s tud i e s  

were measured with a ~ r f l e l  and Kjaer Precis ion Sound Level Meter, 

type 220) on the  l i n e a r  (unweighted) network. Recorded o r  

e l e c t r o n i c a l l y  produced u l t r a s o n i c  s igna l s  f o r  playback t o  

animals were amplified by a Krohn-Hite I O R  I O W  ampl i f i e r  and 

transduced by a Listening Corporation 10 cm condenser type 

loudspeaker. In one s e r i e s  of expe'riments , a var iab le  capacitance 

discharge device supplied e l e c t r i c  shocks a t  100 V a t  s eve ra l  mA 

t o  the  f e e t  of t h e  sub jec t s .  

A compressor driven u l t r a s o n i c  whis t l e  from Ultrason 

In t e rna t iona l ,  New York, was employed t o  produce ul t rasound 

varying continuously between 18.5 kHz and 20.5 kHz a t  130 db 

Sound Pressure L,evel (SPL) a t  1 m (F@. 1 ) .  



Figure 1 

ABOVE: Oscillogram of t h e  sound produced by one o f  t h e  Ultrason 

w h i s t l e s  used i n  Chaptsr I, Szc t ions  3 - 6, recorded wi th  t h e  

Briiel and Kjaer 1 /4"  (0.635 cm) microphone a t  1 m. 

MIDDLE : S p e c t r a l  a n a l y s i s  o f  t h e  same sound made w i t h  a Tek t ron i  

3L5 spectrum ana lyze r .  The fundamental frequency i s  a t  19.0 - 
20.0 k i l o h e r t z  (k~z). Two smal le r  harmonics appear  a t  40 kHz 

and 60 kHz. 

BELOW: Compressor and u l t r a s o n i c  w h i s t l e .  

Dimensions : Length - 30 c m  

width - 16 cm 





CHAPTER I 
-I 

The Effects  of Natural and Man-made Ultrasound 
on Commensal Rodent Behaviour 

INTRODUCTION 

Acoustic communication has previously been thought t o  play 

only a smll  r o l e  i n  the  soc ia l  behaviour of commensal rodents, 

p a r t i c u l a r l y  r a t s  ( ~ a r n e t t  1963; Busnel 1963). With t h e  increas- 

ing sophis t ica t ion  of sound detect ing and producing equipment I n  

recent  years  however, evidence i s  being gathered which suggests 

t h a t  ul trasound may be an important fac tor  i n  the  soc ia l  behaviour 

of many rodents.  

Col l ias  (1960) divides acoust ic  s igna ls  i n t o  ecological  

and funct ional  categor ies  r e l a t e d  to :  1, predators;  2, sexual . 
behaviour and r e l a t ed  f ight ing;  3 ,  parent-young re la t ionships;  

4, food; and 5, aggregations and group movements ( t h e  first 

t h r e e  of these  impinging on t h e  present  s tud ie s ) .  The com- 

municative value of any s igna l  i s  determined through a change 

i n  o r  influence upon the  behaviour of a second individual  

(~embrock  1963). Both r a t  pups and mouse pups produce u l t r a -  

sonic vocal izat ion i n  response to: 1, i so la t ion ;  2, exposure 

t o  cold; 3, t a c t i l e  s t imul i ;  and 4, possibly hunger ( ~ o i r o t  

1966, 1968; Noirot and Pye 1969; Sewell 1967, 1969, 1970; 

A l l i n  and Banks 1971). Okon (1970 a ,  b; 1972) found t h a t  t hese  

so-called " d i s t r e s s  c a l l s "  change with t h e  pups' ages and t h e  

degree of stlrmletlon. A l l i n  and Banks (1972) determ3md a 



comrnuni c a t i  ve va lue  of rat  pup d i s t r e s s  c a l l s  through playback 

of recorded c r i e s  t o  a d u l t  r a t s .  Lac ta t ing  females were in -  

duced t o  l e a v e  t h e  n e s t  and engage i n  sea rch ing  behaviour.  

Sewell (1970) showed t h a t  u l t r a s o n i c  d i s t r e s s  c a l l s  of  Apodemus 

s y l v a t i c u s  se rve  a s i m i l a r  funct ion .  Voca l i za t ions  o f  both rat  

and mouse pups i n  response t o  t a c t i l e  s t i m u l i  t end  t o  be more 

i n t e n s e  and of longer  d u r a t i o n  than  those  emi t ted  i n  response t o  

i s o l a t i o n  o r  co ld .  Noirot (1966) suggested t h a t  t h e s e  loud c a l l s  

may i n h i b i t  aggress ion  of  t h e  mother towards t h e  pup whi le  be ing  

touched o r  c a r r i e d .  

Adult male rats during aggressive-submissive encounters  

produce two types  of  u l t r a s o n i c  v o c a l i z a t i o n  ( S a l e s  1972 b). 

Shor t  u l t r a sounds  of  3 - 64 m s  du ra t ion  and a t  f r equenc ies  of 

about  50 HZ were produced by males i n  aggress ive  s i t u a t i o n s ,  

whi l e  long  p u l s e s  of 800 - 1600 m s  d u r a t i o n  a t  about  25 k . ~ z  

were produced by males i n  submissive s i t u a t i o n s .  Long p u l s e s  

may s e r v e  t o  i n h i b i t  aggress ion  o r  don tac t  by t h e  more dominant 

animal  and s h o r t  pu l ses  may cause a l e s s  a g r e s s i v e  rat t o  

submit t o  a more aggress ive  animal wi th  l i t t l e  o r  no c o n f l i c t ,  

a l t h o u &  t h i s  e f f e c t  i s  l e s s  c l e a r .  B a r f i e l d &  Geyer (1972) 

long (1800 rns) v o c a l i z a t i o n s  a t  22 kHz from male a l b i n o  rats 

dur ing  t h e  p o s t - e j a c u l a t o r y  r e f r a c t o r y  pe r iod  ( d u r i n g  which 

in te rcourse  i s  not  a t t empted) .  It was suggested t h a t  t h e s e  

v o c a l i z a t i o n s  minimize c o n t a c t  of t h e  female wi th  t h e  male, 

A v a r i e t y  of long  and s h o r t  u l t r a sounds  are produced by 

rats and mice 



communicative funct ions  a r e  unknown. 

Campbell (1957) found t h a t  a lb ino  rats showed a n  avers ion  

t o  sounds of lower i n t e n s i t i e s  and frequencies than  those  needed 

t o  produce audiogenic se izures .  Moreover, a s  t h e  frequency 

increased,  t he  threshold i n t e n s i t y  f o r  the  avers ive  response 

was reduced. A t  5 kHz, t h e  threshold  f o r  t h i s  response was 80 

db. Again with a lb ino  r a t s ,  non-damaging l e v e l s  of white no ise  

(composed of a broad spectrum of frequencies)  a r e  f a r  l e s s  

avers ive  than  e l e c t r i c  shock i n t e n s i t i e s  t y p i c a l l y  used i n  

psychological research,  with 30 V equivalent  t o  85 db of white 

no ise  and 50 V equivalent  t o  120 db of white noise  (campbell and 

Bloom 1965). However, both s tud i e s  employed sound l a r g e l y  in  

t h e  sonic range and, a s  t h e  audi tory  threshold  f o r  u l t rasound 

i s  lower, u l t rasound should be a  more e f f ec t ive  r epe l l en t .  

Burger (1967) found t h a t  17 kHz sound a t  100 db a t  30 cm had 

moderate repe l len t  q u a l i t i e s  f o r  severa l  days. Sprock -- e t  a l .  

(1967) described a  va r i e ty  of experiments with e l ec t ron ic  

equipment producing sound ranging from 4 - 19 kHz a t  120 db with 

equivocal r e s u l t s .  However, very few animals were used, some 

were reused, and these  were not examined f o r  hear ing l o s s  ( o r  

deafness) as experiments progressed. Greaves and Rowe (1969) 

repor ted success i n  preventing invasion of a  new environment i n  

a l abora tory  s e t t i n g  us ing w i l d  rats. Ultrasound of  26 kHz a t  

120 db a t  30 cm i nh ib i t ed  a c t i v i t y  f o r  19 days. Mice were 

r epe l l ed  f o r  23 days. I n  a l l  these  s tud ies ,  it was suggested 

t h a t  hab i tua t ion  t o  t h e  sound occurred* 



12. 

Habituat ion t o  a stimulus which normally l eads  t o  a  par- 

t i c u l a r  consummatory response without o ther  s t i m u l i  being in- 

volved occurs l e s s  rapidly  than t o  e i t h e r  a  non-specific stimu- 

l u s  o r  t o  one t h a t  requ i res  add i t iona l  s t i m u l i  from o t h e r  sen- 

sory modal i t ies  f o r  consummation. Thus, hab i tua t ion  t o  a  

n a t u r a l  o r  s t imulated bioacoust ic  s igna l  with communicative 

Value should be slower than t o  a  s igna l  r equ i r ing  v i sua l ,  

t a c t i l e  o r  o l fac tory  cues t o  evoke a  response. Also, if 

habi tua t ion  t o  a  bioacoust ic  s igna l  d i d  u l t ima te ly  occur, t h e  

communicative value of t h e  s igna l  would be l o s t  t o  t h e  popula- 

t i o n .  E i ther  s i t u a t i o n  might be exploi ted  a s  management tech- 

niques. The na tu ra l  ul trasounds of r a t s  and mice a r e  r e l a t i v e l y  

pure tones  w i t h  l i t t l e  frequency modulation and e f f e c t i v e l y  

e l i c i t  responses a t  i n t e n s i t i e s  lower than syn the t ic  u l t rasounds  

employed a s  r epe l l en t s .  They a r e  a l s o  cheaper t o  produce and 

e a s i e r  t o  propagate, and t h e o r e t i c a l l y  more s p e c i f i c  i n  e f f ec t  

than  t h e  syn the t ic  r epe l l en t s .  However, l i t t l e  i s  known of t h e  

a b i l i t y  of bioacoust ic  s igna l s  t o  e l i c i t  responses from rodents  

independent of o ther  cues. 

Noirot ( 1968) suggested t h a t  t h e  u l t r a s o n i c  voca l iza t ions  

of mouse pups have c o ~ u n i c a t i v e  value t o  l a c t a t i n g  females and 

l eads  t o  searching behaviour. I n i t i a l  support f o r  t h i s  hypo- 

t h e s i s  comes from Brown's (1973 b) f indings  t h a t  t h e  second 

high frequency peaks (40  and 50 i n  aud i to ry  thresholds  of 

rats and mice respectively corresponds with t h e  average f re-  

quency of t h e  pupst vocal iza t ions  as wel l  as some of t h e  a d u l t  
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Voca l i za t ions .  The f i r s t  p a r t  of t h i s  s tudy compares t h e  r e l a -  

t i v e  e f f i c a c y  of recorded and l i v e  pup v o c a l i z a t i o n s  i n  e l i c i t -  

i n g  r e t r i e v a l  behaviour i n  l a c t a t i n g  female mice. It was my 

purpose i n  t h e  second p a r t  of  t h i s  s tudy t o  examine t h 2  a c o u s t i c  

s i g n a l s  of R a t t u s  norvegicus,  Ra t tus  r a t t u s  and - Mus musculus 

i n  response t o  e l e c t r i c  shock and f e a r  f o r  pure ly  u l t r a s o n i c  

c r i e s .  The p o s s i b l e  i n t r a s p e c i f i c  communicative va lue  of  u l t r a -  

s o n i c  v o c a l i z a t i o n s  produced by s t r e s s e d  animals  was considered.  

The t h i r d  and f o u r t h  p a r t s  of t h e  s tudy t e s t  t h e  hypo thes i s  

t h a t  high i n t e n s i t y  u l t r a sound  has  r e p e l l e n t  e f f e c t s  on rat  and 

mouse behaviour,  and i n v e s t i g a t e  t h e  e f f e c t s  of d i f f e r e n t  in-  

t e r n a l  s t a t e s  and t h e  a v a i l a b i l i t y  of food and water  on t h e  

an imals  responses  t o  u l t rasound.  



Experiment 1 

Ul t rason ic  Communication Between Mouse Pups and 
Lac ta t ing  Females 

Objec t ive  

The purpose of t h i s  experiment Was t o  compare t h e  e f f e c t s  

of l i v e  and recorded mouse pup v o c a l i z a t i o n s  on t h e  pup r e t r i e v a l  

behaviour of l a c t a t i n g  - Mus niusculus females. 

METHODS AND YATERIALS 

I n d i v i d u a l l y  caged a d u l t  female m ~ l t i p a r o u s  whi te  outbred  

mica were used i n  t h i s  s tudy.  A t  t h e  t ime of t e s t i n g ,  a l l  t h e  

s u b j e c t s  were nurs ing  l i t t e r s  of e i g h t  pups 3 - 5 days o ld .  

I s o l a t e d  l i v e  4-day-old mouse pups, r ecord ings  of d i s t r e s s  c r i e s  

of 4-day-old i s o l a t e d  mouse pups, and record ings  of  background 

n o i s e  r e l a t e d  t o  t h e  v o c a l i z a t i o n  recording  were p resen ted  as 

s t i m u l i  t o  l a c t a t i n g  females. 

To record  u l t r a sounds ,  t h r e e  4-day-old pups from a l i t t e r  

of  t e n  born t o  a mult iparous female Were p laced  s e p a r a t e l y  

on t h e  f l o o r  of a pneumatical ly  suspended chamber 91 cm x 91 cm 

x 9 1  cm l i n e d  wi th  10  crn o f  muslin-covered foam rubber .  In 

t h e  box sound l e v e l s  were down 12 db over  t h e  ambient l e v e l  i n  

t h e  room and t h e  temperature was 22" C. With t h e  microphone 

h e l d  approximately 5 cm from t h e  pup ' s  mouth, f i v e  minute 

r ecord ings  of each pup ' s  spontaneous v o c a ~ i z a t i o n s  were made. 

Pups were no t  handled t o  e l i c i t  v0Cal iza t ions .  Sound spec t ro -  



grams of s e l e c t e d  recorded ~ o c a l i z a t i o n s  Were made and two of 

t h e s e  a r e  presented  i n  Fig. 2. Most of t h e  p u l s e s  o r  squeaks 

Produced by t h e  pups cons is ted  of a  fundamental a t  55 - 65 

wi th  occas iona l  t r a c e s  of a  second harmonic a t  110 - 130 W Z .  

Frequency modulat ion was l i m i t e d  t o  a  slow d r i f t  down of 1 - 5 
kHz from t h e  start  of t h e  pulse.  The average p u l s e  l eng th  was 

70 m s .  

A 90-s recording  w i t h  102 of One PUP'S v o c a l i z a t i o n s  was 

a r b i t r a r i l y  s e l e c t e d  t o  be t h e  experimental  tape .  Five l i v e ,  

spontaneously voca l i z ing  4 - 5 day o l d  PUPS were used ind iv idua l -  

l y  a s  t h e  l i v e  experimental  s t imulus.  

A 90,s recording  of background no i se  from t h e  recording  

chamber was designated as a  c o n t r o l  s t imulus.  Deafness i n  one 

of t h e  groups of a d u l t  females was produced t h r e e  days p r i o r  t o  

t h e  experiments through exposure t o  u l t rasounds  of 1 9  - 20 H z  a t  

140 db SPL a t  30 cm f o r  a  per iod  of 90 min. Deafness r e s u l t i n g  

from ruptured  tympani was confirmed. i n  t h e s e  s u b j e c t s  from ob- 

s e r v a t i o n s  wi th  a n .  otoscope a f t e r  l i g h t l y  a n a e s t h e t i z i n g  t h e  mice 

with e t h e r .  

The females, i n d i v i d u a l l y  housed wi th  t h e i r  l i t t e r s ,  were 

brought i n t o  t h e  l abora to ry  w i t h i n  hours of g iv ing  b i r t h  and 

t h e i r  nest  boxes pos i t ioned  i n  t h e  c e n t r e  of t h e  back w a l l  of 

t h e  cage w i t h  a space of 10 cm between t h e  back o f  t h e  n e s t  box 

and cage,  The t ransducer  was placed i n  a corne r  i n  f r o n t  of t h e  

n e s t  box, approximately 20 cm from t h e  ent rance  t o  t h e  n e s t  box. 

T e s t s  were c a r r i e d  ou t  between 1100 and 1400 hours. One group 



Figure  2 

Sonagrams of u l t r a s o n i c  d i s t r e s s  v o c a l i z a t i o n s  from a 4-day-old 

a l b i n o  mouse pup. 

A. Voca l i za t ion  wi th  a r a p i d  frequency sweep a t  t h e  beginning, 

slow downward d r i f t ,  and r a p i d  downwards sweep a t  t h e  end. 

B. A slow frequency d r i f t  i s  followed by a rap id  frequency sweep* 

The sccond v o c a l i z a t i o n  i s  not  a s t e p ,  but a s h o r t ,  sweeping c ry .  

On a l l  sonagrams t h e  v e r t i c a l  s c a l e  i s  frequency i n  kHz and t h e  

h o r i z o n t a l  s c a l e  i s  t ime i n  msec. Darkness of  t h e  t r a c z  r ep re -  

s e n t  s amplitude.  





of females w i t h  i n t a c t  hear ing  was given a  s t imulus of l i v e  

Pups, t h e  second group was presented with t h e  90-s rzcording  of 

v o c a l i z a t i o n s  and t h e  t h i r d  was presented w i t h  t h e  90-s record- 

i n g  o f  background noise.  The deafened females were presented  

with l i v e  pups. Each sub jec t  i n  each of t h e  groups was given 

f i v e  t r i a l s  with t h e  same 90,s s t imulus presented each time. 

I n t e r - t r i a l  i n t e r v a l s  were 5 minutes. P o s i t i v e  responses o r  

S o r t i e s  were considered t o  be when a  female made a complete 

" x i t  from t h e  n e s t  box wi th in  t h e  90-s per iod  t h e  s t imulus was 

Presented,  and o r i e n t e d  a t  l e a s t  he r  head toward t h e  s t imulus.  

Live pups were t r a n s f e r r e d  t o  t h e  experimental  cages i n  watch 

g l a s s e s  to minimize p o s s i b i l i t i e s  of  e l i c i t i n g  c r i e s  of a  d i f -  

f e r e n t  n a t u r e  from those  on t h e  recording* 



RESULTS 

The responses of females wi th  i n t a c t  hea r ing  t o  l i v e  pups 

g e n e r a l l y  occurred wi th in  15-s and i n  no case  d id  they  f a i l  t o  

f i n d  t h e  pup w i t h i n  15-s of l eav ing  t h e  n e s t  box. Af te r  ca r -  

r y i n g  pups i n t o  t h e  n e s t ,  t h e  females o f t e n  made subsequent 

e x i t s ,  o r  a t  l e a s t  poked t h e i r  heads out  one o r  more t imes.  

The famales presented  wi th  recording of pup d i s t r e s s  vocal iza-  

t i o n s  i n i t i a l l y  behaved i n  a similar manner, but never reappeared 

from t h e  n e s t  upon enter ing .  These a n i m l s ,  i n  t h e  f i r s t  t r i a l s ,  

Often approached t h e  t ransducer ,  s n i f f i n g  a t  and around it. 

This  behaviour quickly waned over subsequent t r i a l s .  The 

deafened females made no s o r t i e s  from t h e  n e s t  box dur ing  t h e  

t e s t  per iods .  These animals f e d  normally and appeared t o  nurse  

t h e i r  young although t h e  s u r v i v a l  of t h e  l i t t e r s  t o  t h e  age  of 

Weaning was l e s s  than  h a l f  t h a t  of l i t t e r s  born and r e a r e d  by 

normal females. The c o n t r o l  animals made few responses and d i d  

not  i n v e s t i g a t e  t h e  t ransducer .  The r e s u l t s  a r e  summarized i n  

Table 1. A c h i 2  t e s t   a able 2 )  a p p l i e d  t o  responses o f  l a c t a t i n g  

females w i t h  normal hear ing  towards l i v e  PUPS and t o  recorded 

d i s t r e s s  cries l e d  t o  a r e j e c t i o n  of t h e  n u l l  hypothes is  t h a t  

there  w a s  no s i g n i f i c a n t  d i f f e r e n c e  between t h e  e f f i cacy  of t h e  

two s t imuli  i n  e l i c i t i n g  r e t r i e v a l  responses,  i. e. females 

respond to l i v e  pups more t h a n  t o  recordings.  
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Experiment 2 

S t r e s s  Induced Ultrasonic  Vocal izat ions from Commensal 
Rodents 

Objective 

The purpose of t h i s  experiment was t o  determine whether o r  



22. 

administered t o  each animal. Tape recordings f o r  each sub jec t  

from both methods were examined a t  l / lOth  recording  speed t o  

d e t e c t  u l t r a s o n i c  voca l i za t ions  with t h e  equipment shown i n  Fig. 

3. Sonagrams of se lec ted  u l t r a s o n i c  and a u d i b l e  voca l i za t ions  

were made. 



F i g u r e  3 

Apparatus  f o r  d e t e c t i n g ,  r e c o r d i n g  and a n a l y z i n g  u l t r a s o n i c  

v o c a l i z a t i o n s  from ra ts  and mice. 

A: Brtiel and Kjazr  condenser  microphone. 

B: Hewlet t  Packard p r e a m p l i f i e r .  

C: P r e c i s i o n  Ins t rumen t s  t ape  r z c o r d z r .  

S i g n a l s  were recorded  a t  37.5 i . p .  s .  and p l ayed  back i n t o  t h e  Kay 

E l e c t r i c  Co. Sona-Graph ( D .  ) a t  3 .75 i . p .  s. The equipment gave 

f l a t  r e sponses  from 1 0  - 80 MIZ. 





RESULTS 

A l l  animals  were brought i n t o  

a s  i n d i c a t e d  by increased  autonomic 

a  s t a t e  of anx ie ty  o r  f e a r  

a c t i v a t i o n  ( u r i n a t i o n ,  

de faeca t ion ,  increased  h e a r t  r a t e ,  and b rea th ing) ,  wi th  both 

forms of s t imula t ion .  Juveni le  male Ra t tus  norvegicus produced 

Ul t ra son ic  v o c a l i z a t i o n s  i n  response t o  g e s t u r e s  and mechanical 

s t i m u l a t i o n ,  but d id  not i n  response t o  e l e c t r i c a l  s t imula t ion .  

Adult - R .  norvegicus,  - R. . r a t t u s ,  and - Mus musculus did not pro- 

duce any u l t r a sounds .  Audible voca l i za t ions  were produced 

by a l l  animals  ( a d u l t  and juven i l e )  a s  a  r e s u l t  of both forms 

o f  s t i m u l a t i o n .  The u l t r a s o n i c  squeaks of a l l  four  juven i l e s  

always followed t h e  s t imulus  by one t o  s e v e r a l  seconds, and were 

always a s s o c i a t e d  with s t i l l ,  crouching posture.  The u l t r a -  

sonic  v o c a l i z a t i o n s  were s i m i l a r  i n  frequency and length .  How- 

ever,  s u b s t a n t i a l  d i f f e rences  i n  o t h e r  a s p e c t s  of t h e  c r i e s  

appeared and were poss ib ly  r e l a t e d  t o  t h e  age  of t h e  animals.  

The v o c a l i z a t i o n s  were emit ted i n  t r a i n s  c o n s i s t i n g  of  1 - 29 

squeaks wi th  r egu la r  i n t e r v a l s  of approximately 100 m s  between 

squeaks w i t h i n  a t r a i n .  Sonagrams of r e p r e s e n t a t i v e  squeaks 

from a n  animal appear i n  Fig. 4. Most of t h e  a c o u s t i c  energy 

i s  l o c a t e d  a t  27 - 30 kHz, t h e  fundamental frequency. A small 

second harmonic appears  a t  54 - 60 kHz. Modulation c o n s i s t s  

of a  s l i g h t  downward d r i f t  i n  frequency. I n  comparison t o  t h e  

o t h e r  t h r e e ,  t h e  youngest animal emit ted more and longer  t r a i n s ,  

c o n s i s t i n g  of more squeaks, from t h e  l e a s t  amount of  s t imula t ion .  

With each of t h e  o l d e r  animals  i n  t u r n ,  p rogress ive ly  fewer 



Figure 4 

SonQgrams of u l t r a s o n i c  v o c a l i z a t i o n s  produced by juven i l e  R. - 
norvegicus while  experimentally s t r e s s e d .  

F i r s t  p o r t i o n  of squeak from 50 day o ld  male. Note har- 

monic a t  60 H z .  

End of squeak from 50 day o ld  male. 

A shor t  squeak from a 74 day o l d  male. The v o c a l i z a t i o n  was 

o f  lower i n t e n s i t y  than  A o r  B. 

a l l  sonograms t h e  v e r t i c a l  s c a l e  i s  frequency i n  kHz and t h e  

h o r i z o n t a l  s c a l e  i s  time i n  msec. 





t r a i n s  composed of fewer squeaks were emit ted,  even under in-  

t e n s e  s t imula t ion .  The r e s u l t s  a r e  summarized i n  Table 3. 

These d i f f e r e n c e s  i n  v o c a l i z a t i o n  q u a l i t y  and q u a n t i t y  appeared 

not  t o  be t h e  r e s u l t  of d i f f e r e n t  l e v e l s  of  s t imula t ion ,  as 

i n d i c a t e d  by pos ture ,  grooming, defaeca t ion  and u r i n a t i o n  

( ~ a r n e t t  1963).  The i n t e n s i t y  of  t h e  v o c a l i z a t i o n s  were not  

measured wi th  t h e  sound l e v e l  meter. From t h e  s t r e n g t h  of  t h e  

s i g n a l  e n t e r i n g  t h e  preampl i f ie r ,  t h e  v o c a l i z a t i o n s  were 

es t imated  t o  be 85 - 95 db a t  10 cm. 

The four  juven i l e  rats were r e t e s t e d  40 days l a t e r  and 

u l t r a s o n i c  v o c a l i z a t i o n s  could be e l i c i t e d  from only t h e  two 

younger animals.  A s  wi th  t h e  f i r s t  s e r i e s  of t e s t s ,  squeaks 

from t h e  90 day o l d  animal were few and most d i f f i c u l t  t o  e l i c i t .  
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DISCUSSION 

Recorded and l i v e  mouse pup d i s t r e s s  v o c a l i z a t i o n s  were 

e f f e c t i v e  i n  e l i c i t i n g  r e t r i e v a l  behaviour from l a c t a t i n g  fe-  

males wi th  i n t a c t  hear ing .  As such, t h e  d i s t r e s s  c r i e s  have a 

d e f i n i t e  communicative va lue  between mother and pup. However, 

from t h e  r e s u l t s  of t h i s  s tudy,  t h e  hypotheses t h a t  v o c a l i z a t i o n s  

themselves could maintain r e t r i e v i n g  a c t i v i t y  had t o  be r e j e c t e d .  

Habituat ion,  a r e l a t i v e l y  permanent waning of responses r e s u l t -  

i n g  from unre inforced  s t i m u l i  ( ~ h o r p e  1963),  occurred a f t e r  

s e v e r a l  p o s i t i v e  responses towards t h e  recorded v o c a l i z a t i o n s .  

Noirot (1965) e l i c i t e d  r e t r i e v a l  responses from l a c t a t i n g  

females towards l i v e  young 148 t imes i n  succession wi th  no 

h a b i t u a t i o n  observed. Casual observat ion  i n  t h i s  study i n d i -  

c a t e d  t h a t  recordings  d id  not  l o s e  t h e i r  e f f e c t  if t h e  female 

11 was rewarded" wi th  a pup f o r  approaching t h e  t ransducer .  Rather 

t h a n  t h e  recordings  being of poor f i d e l i t y ,  poss ib ly  more t h a n  

a u d i t o r y  s t i m u l a t i o n  i s  necessary t o  maintain r e t r i e v a l  behaviour. 

I n d i r e c t  evidence t h a t  o l f a c t o r y  cues a r e  involved comes from a 

s tudy by Beach and Jaynes (1956) where a d i f f e r e n c e  i n  r e t r i e v a l  

of t h e i r  own and o the r  young disappeared i n  l a c t a t i n g  r a t s  

wi th  c a u t e r i z a t i o n  of o l f a c t o r y  bulbs. Visual  and t a c t i l e  cues 

may a l s o  be necessary t o  complete t h e  r e t r i e v a l  response and t o  

prime subsequent searching  behaviour o f t e n  seen a f t e r  a female 

has  made a success fu l  r e t r i e v a l  but not  seen i n  females pre- 

sented  with only recordings.  The p o s i t i v e  responses of l a c t a t i n g  

females towards d i s t r e s s  v o c a l i z a t i o n s  a r e  genera l i zed  and non- 



s e l e c t i v e .  The speed of t h e  female ' s  response.and t h e  r e l a t i v e  

r i c h n e s s  of odours i n  t h e  n e s t  l ead  t o  t h e  conclusion t h a t  i n  

t h i s  s tudy odours from t h e  i s o l a t e d  pup d i d  not  i n i t i a t e  r e t r i e -  

' v a l  responses.  

The s u r v i v a l  value of both t h e  a b i l i t y  t o  perce ive  and 

emit u l t r a sound  i s  apparent .  Pups, b l i n d  and h e l p l e s s  f o r  a t  

l e a s t  10  days, a r e  o f t e n  dragged from t h e  n e s t  on t h e  mother 's  

n ipp les .  Young of  deafened mothers must r e l y  on chance t h a t  

o t h e r  of h e r  sensory modal i t ies  w i l l  l ead  t o  r e t r i e v a l .  Brown 

(1973 b)  r e p o r t s  t h a t  f o r  both r a t s  and mice, t h e  peak i n  audi-  

t o r y  s e n s i t i v i t y  a t  high frequencies  ( u l t r a s o n i c )  . i s  enhanced a t  

t h e  l e v e l  o f  t h e  i n f e r i o r  c o l l i c u l u s .  These enhanced peaks i n  

both Ra t tus  and Mus occur a t  f requencies  of pup and some a d u l t  - 
voca l i za t ions .  Noirot ( 1966) sugges ts  some pup v o c a l i z a t i o n s  

i n h i b i t  aggress ion  from t h e  mother. The e f f e c t  of deafening 

on the  s u r v i v a l  r a t e s  of l i t t e r s  owing t o  both t h e  l o s s  of 

r e t r i e v a l  behaviour and p o s s i b l e  maternal aggress ion  needs 

f u r t h e r  explora t ion;  

Juveni le  male r a t s  r e a d i l y  emit t r a i n s  of long u l t r a s o n i c  

p u l s e s  when s t r e s s e d .  These v o c a l i z a t i o n s  may be analogous t o  

t h o s e  repor ted  by Sewell (1969) and Sa les  (1972a) from sub- 

missive male r a t s  i n  responses t o  advances and t h r e a t s  by 

dominant males. Sa les  (1972 a )  suggested t h a t  t h e  c r i e s  serve  

t o  minimize con tac t .  However, t h e  c r i e s  she repor ted  were more 

than  twice a s  long (800 - 1600 m s )  t han  t h e  ones r epor ted  he re  

and were not  emit ted i n  long t r a i n s ,  r a t h e r  i n  o n e ' t o  t h r e e  c r i e s  



i n  a t r a i n  o r  sequence. Bar f i e ld  (1972) repor ted  long (800 m s )  

22 kHz pos t  e j a c u l a t o r y  v o c a l i z a t i o n  emit ted by males i n  long 

t r a i n s  s i m i l a r  t o  those  descr ibed i n  t h i s  study. I n t e r v a l s  

between p u l s e s  o r  c r i e s  were a l s o  longer  (250 m s ) .  It was sug- 

ges ted  t h a t  t h e s e  v o c a l i z a t i o n s  i n h i b i t  con tac t  from t h e  female. 

The d i s t r e s s  c r i e s  of r a t  pups commonly have a  frequency of  

30 - 40 kHz ( ~ l l i n  and Banks 1972).  

The r e s u l t s  of t h i s  study suggest a  progress ion  w i t h  age  

of t h e  animals  f o r  t h e  length  of t r a i n s  of c r i e s ,  but not f o r  

t h e  frequency, l eng th  of c r i e s ,  o r  i n t e r v a l  between c r i e s .  

However, more i n d i v i d u a l s  i n  each age group should be t e s t e d  t o  

f i n d  i f  t h e s e  progress ions  a r e  r e a l .  I n  a l l  cases ,  c r i e s  were 

a s s o c i a t e d  w i t h  a s t i l l  crouching pos ture ,  and a  s l i g h t  l i f t i n g  

of  t h e  head. Sa les  (1972 a )  r e p o r t s  similar observat ions .  It 

i s  unknown whether t h e  c r i e s  a r e  w h i s t l e s ,  a r e  produced i n  t h e  

la rynx,  o r  a r e  t h e  r e s u l t  of  modif ica t ions  of t h e  super io r  

thyro-ary tenoid  f o l d s  loca ted  i n  the-  t r achea  above t h e  l a rynx  

and below t h e  e p i g l o t t i s  ( ~ o b e r t s  1972).  

I n  t h e  s o c i a l  s t r u c t u r e  of w i l d  r a t s ,  young males a r e  

g e n e r a l l y  o f  lower " s t a t u s "  than  mature males ( ~ a r n e t t  1963),  

and t h e  a s s o c i a t i o n  of more a c o u s t i c  energy ( i n t e n s i t y  x  dura t ion)  

with younger animals may r e f l e c t  t h e  value of t h e  c r i e s  i n  

i n h i b i t i n g  aggress ion  towards immature males i n  p a r t i c u l a r  o r  

submissive ones i n  general .  It i s  unknown whether juven i l e  

females produce similar v o c a l i z a t i o n s  when s t r e s sed .  

The r o l e  of u l t r a s o n i c  c r i e s  of juveni le  males in the  s o c i a l  
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behaviour of  r a t s  needs t o  be determined more p r e c i s e l y .  The 

p o t e n t i a l  of t h e s e  o r  similar voca l i za t ions  f o r  c o n t r o l  pur- 

poses should be explored.. There appears  t o  be a  p o t e n t i a l  

value i n  t h e  d i s t r e s s  v o c a l i z a t i o n s  of mouse pups a s  a  s h o r t  

term a t t r a c t a n t .  R a t  pup d i s t r e s s  voca l i za t ions ,  l ikewise  

could s e r v e  a s  a t t r a c t a n t s  i n  popula t ion  surveys o r  i n  i n t e g r a t e d  

c o n t r o l  programmes. 



Experiment 3 

Immediate E f f e c t s  of High I n t e n s i t y  Ultrasound on R a t s  

Object ive 

The purpose of t h i s  experiment was t o  t e s t  t h e  immediate 

r e p e l l e n t  e f f e c t s  

norvegicus and R. - 

F i f t e e n  w i l d  

of high i n t e n s i t y  u l t rasound on a d u l t  - R. 

r a t t u s .  

METHODS AND MATERIALS 

a d u l t  male and female Ra t tus  norvegicus and 

t h r e e  w i l d  a d u l t  male Ra t tus  r a t t u s  were used i n  t h i s  experiment. 

The experimental  appara tus  cons i s t ed  of a U-shaped run 

4 m long, 0.7 m high, 0.7 m wide. The o u t s i d e  and ends of  t h e  

U were of ga lvanised  shee t  metal ,  t h e  i n s i d e  face  of  t h e  U was 

of  c l e a r  p l e x i g l a s s  and t h e  t o p  and bottom were o f  1.27 cm wi re  

mesh. 

With an  a i r  dr iven  u l t r a s o n i c  w h i s t l e  (desc r ibed  i n  General 

Methods) suspended 1 m above t h e  f l o o r  a t  t h e  end of t h e  U, t h e  

sound l e v e l  a t  t h e  oppos i te  end of t h e  U was r a i s e d  14 db above 

t h e  ambient l e v e l  of 70 db SPL t o  84 db. The e l e c t r i c a l l y  

d r iven  a i r  compressor, i s o l a t e d  on foam rubber pads and posi-  

t ioned  8 m from t h e  run, r a i s e d  t h e  ambient sound l e v e l  3 db. 

A l l  sound p ressu res  were measured with t h e  B and K Sound Level 

Meter. Light ing  was suppl ied by four  100-W incandescent bulbs 

suspended above t h e  run. 

The r a t s  were introduced s i n g l y  i n t o  t h e  run and allowed 



t o  explore f o r  30 min. A t  t h e  end of t h i s  per iod,  t h e  r a t  was 

i n v a r i a b l y  i n  one of t h e  ends of  t h e  U, probably because it 

a f fo rded  cover on two s i d e s .  The w h i s t l e  was suspended always 

over t h e  end with t h e  r a t  and switched on f o r  a 30-s per iod.  

The animals '  responses were observed and recorded. 

Five a d u l t  Ra t tus  norvegicus were exposed t o  n o i s e  from 

t h e  compressor suspended over one of  t h e  two end boxes i n  a 

manner s i m i l a r  t o  t h a t  previous ly  ou t l ined .  This  sound cons i s t ed  

of low frequency no i se  a t  a l e v e l  of  88 db SPL a t  1 m. 



RESULTS 

Within 20-s every r a t  had run t o  t h e  oppos i te  end box i n  

t h e  run and had assumed a  crouching pos ture  with e a r s  f l a t t e n e d .  

A l l  r a t s  of  both spec ies  exh ib i t ed  increased  u r i n a t i o n ,  defaeca- 

t i o n ,  followed by i n t e n s e  grooming a c t i v i t y  and abrupt  movements 

wi th  bodies f l a t t e n e d  a g a i n s t  t h e  cage f l o o r .  Four animals,  

wi th  t h e  onse t  of t h e  ultrasound, l e a p t  a t  t h e  roof of t h e  cage 

and th rashed  wi ld ly  about t h e  sound box before running t o  t h e  

o t h e r  end of t h e  run. I n  c o n t r a s t ,  t h e  compressor no i se  e l i c i t e d  

a small jump from t h r e e  i n d i v i d u a l s  and e a r  twi tches  i n  two. 

One animal t r o t t e d  i n t o  t h e  o t h e r  end box, but r e tu rned  irnmediate- 

l y  



Experiment 4 

E f f e c t s  of High I n t e n s i t y  Ultrasound on t h e  Behaviour 

of  Rats:  P a r t  1 

Object ive 

Changes i n  t h e  r e p e l l e n t  e f f e c t s  of high i n t e n s i t y  u l t r a -  

sound over a three-day pe r iod  on - R. norvegicus given a s i n g l e  

source of food and water  i n  t h e  sound f i e l d  were measured i n  t h i s  

experiment. 

METHODS AND MATERIALS 

Nine w i l d  a d u l t  male and female Ra t tus  norvegicus were 

used i n  t h i s  s tudy.  

A V-shaped run wi th  two end boxes 0.7 m x 0.7 m was 

cons t ruc ted  f o r  t h i s  experiment. Three s i d e s  of t h e  end boxes 

were of  galvanized shee t  metal ,  t h e  i n s i d e  face  was o f  c l e a r  

P l e x i g l a s s  and t h e  top  and bottom were of 1 .27 cm metal  mesh. 

The apex of t h e  V was a sheet  metal  90" elbow 20 cm i n  diameter.  

Two 1 m c y l i n d e r s  of 1.27 cm mesh and 20 cm i n  diameter con- 

nected t h e  elbow t o  each end box. A p h o t o e l e c t r i c  c e l l  i l lumin-  

a t e d  by a red  l i g h t  was placed a c r o s s  t h e  ent rance  t o  one end 

box designated t h e  experimental  box. A super 8 rnm movie camera 

i n  f r o n t  of t h e  experimental  cage was switched by t h e  photo- 

e l e c t r i c  c e l l  through a t imer  t o  run 7-s  each t ime t h e  beam 

was t r i p p e d .  One 15.2 m Tri-X movie f i l m  was placed i n  t h e  

camera each day of t h e  experiment. A clock  was placed near t h e  



experimental  cage w i t h i n  t h e  f i e l d  of  t h e  camera. The u l t r a -  

sonic  w h i s t l e ,  producing 130 d b  SPL a t  1 m was suspended over 

t h e  experimental  box. W i t h  t h e  w h i s t l e  opera t ing ,  t h e  sound 

l e v e l  i n  t h e  elbow was 80 db,  10 db above ambient, and t h e  

l e v e l  i n  t h e  c o n t r o l  box was 78 db, 8 db above ambient. 

Compressor noise  r a i s e d  t h e  ambient l e v e l  3 db. Continuous 

l i g h t i n g  was suppl ied  by 4 100-W incandescent bulbs.  See 

Fig. 5. 

Rats  were introduced s ing ly ,  and a f t e r  a t h r e e  day 

acc l ima t ion  per iod ,  a c t i v i t y  was monitored by t h e  camera f o r  

a three-day per iod .  The w h i s t l e  was then  switched t o  opera te  

i n  synchrony with t h e  camera, i . e .  f o r  a minimum seven second 

pe r iod  each t ime t h e  photo-beam was t r ipped  by a r a t  e n t e r i n g  

o r  l eav ing  t h e  experimental  box. The w h i s t l e  and camera 

opera ted  f o r  a s  long a s  t h e  animal remained i n  t h e  ent rance  

t o  t h e  experimental  box. Af te r  a three-day experimental  per iod ,  

t h e  w h i s t l e  was disconnected and a c t i v i t y  was fi lmed f o r  a 

f u r t h e r  three-day period.  Food and water were replenished d a i l y  

between 0830 and 1030 hours i n  t h e  experimental  box only.  

Filmed observat ions  from each day of t h e  experiments were 

p ro jec ted  a t  5 frames per  second, e f f e c t i v e l y  slowing a c t i o n  t o  

0.21 normal. The t ime of each an imal ' s  v i s i t  t o  t h e  experimental  

box, as w e l l  as i t s  length  and r e s u l t i n g  exposure of th.e r a t  t o  

t h e  f i l m  o r  f i l m  p l u s  u l t rasound were recorded. Comments on t h e  

animals1 genera l  behaviour, responses t o  t h e  u l t rasound and 

feeding  behaviour were noted. Data from f i l m s  cover ing  l e s s  



Figure 5 

Experimental appara tus  f o r  measuring r e p e l l e n t  e f f e c t s  of h igh  

i n t e n s i t y  u l t rasound on r a t s .  Looking down from above: 

Experimental end box 

Control end box 

Sheet mktal elbow 

Wire mesh tunne l s  

Pho toe lec t r i c  c e l l  

Clock 

Ul t rasonic  w h i s t l e  suspended from above 

A i r  compressor supplying w h i s t l e  

Movie camera on a  t r i p o d  

Timer 

Ultrasound proof b a r r i e r  

Food d ish  

M: Water d i sh  





t h a n  one hour was no t  used.  There were no p a r t i a l l y  exposed 

f i l m s ,  i . e .  a l l  f i l m s  monitored l e s s  t h a n  a  r a t ' s  f u l l  d a y ' s  

a c t i v i t y .  



Experiment 5 

E f f e c t s  of High I n t e n s i t y  Ultrasound on t h e  Behaviour 
of Rats: Pa r t  2 

Object ive 

Changes i n  t h e  r e p e l l e n t  e f f e c t s  of high i n t e n s i t y  

u l t r a sound  over a t h r e e  day per iod  on R.  norvegicus given an  - 
a l t e r n a t i v e  source of food and  water ou t s ide  t h e  sound-f ield 

were measured i n  t h e  experiment. 

METHODS AND MATl3RIALS 

Eight wi ld  a d u l t  male and female Ra t tus  norvegicus were 

used i n  t h i s  study. These ind iv idua l s  were d i f f e r e n t  from those  

used i n  previous s t u d i e s .  

Equipment and procedure were a s  i n  4 except t h a t  food and 

water  were placed i n  t h e  end boxes a t  each end of t h e  run. 
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RESULTS 

I n  a l l  cases ,  t h e  animals made n e s t s  from Dacron f i b r e  

placed i n  t h e  elbow of t h e  tunnel  connecting t h e  two end boxes. 

Presumably a s  a r e s u l t  of t h e  continuous i l lumina t ion ,  a c t i v i t y  

was not  r e s t r i c t e d  t o  evening hours.  There was a g r e a t  v a r i a b i l -  

i t y  among animals a s  t o  how food was taken. Severa l  hoarded t h e  

p e l l e t s ,  making success ive  t r i p s  t o  t h e  food d i s h  u n t i l  it was 

emptied. This  food was o f t e n  hoarded i n  t h e  n e s t .  Other 

animals removed one p e l l e t  p e r i o d i c a l l y  and never emptied t h e  

d i sh ,  while  only two of t h e  seventeen animals i n  t h e s e  two 

experiments a t e  i n  t h e  experimental  a rea .  One animal, an  

adolescent  male (go  - 100 days) ,  began hoarding on t h e  t h i r d  

day of exposure t o  u l t rasound and continued f o r  t h e  

t h e  experiment. 

A s  i n  experimept 3, t h e  f i r s t  response of t h e  

u l t r a sound  was a pronounced jump followed by escape 

soundf i e l d .  

dura t ion  of  

rats t o  t h e  

from t h e  

I n  both experiments 4 and 5 ( ~ i g .  6 a), t h e  u l t rasound 

s i g n i f i c a n t l y  reduced t h e  average amount of t ime, measured i n  

seconds per  hour over three-day pe r iods  spent  i n  t h e  sound 

f i e l d .  These and o t h e r  values from both experiments a r e  sum- 

marized i n  Table 4 .  

I n  experiment 4 ,  animals spent  l e s s  t ime s i t t i n g  i n  t h e  

ent rance  of t h e  experimental  cage t r i p p i n g  t h e  pho toce l l  when 

t h e  w h i s t l e  was opera t ing  than  i n  e i t h e r  t h e  sound f r e e  pe r iods  

preceding o r  fol lowing ( ~ i g .  6 b) . With t h e  w h i s t l e  opera t ing ,  



Figure  6 

a .  The amount o f  t ime measured i n  seconds p e r  hour t h a t  ra t s  spen t  

i n  t h e  u l t r a sound  f i e l d  (19 - 20 kHz a t  130 db) .  

b.  The amount of  t ime measured i n  seconds p e r  v i s i t  t h a t  r a t s  

spen t  i n  t h e  u l t r a sound  f i e l d .  

I n  both a  and b: 

= ra ts  w i t h  a  s i n g l e  source  of food and wate r  i n  t h e  

exper imenta l  cage  ( ~ x p e r i m e n t  4 )  

$ = ra ts  w i t h  food and wa te r  i n  both  t h e  exper imenta l  

and i n  t h e  c o n t r o l  cage  (Experiment 5) 

m111a = t h e  t h r e e  day p e r i o d  when t h e  u l t r a s o n i c  w h i s t l e  

was ope ra t ing .  

Rats  s i t t i n g  i n  t h e  e n t r a n c e  were counted as be ing  

i n  t h e  u l t r a s o u n d  f i e l d .  

I n  b ,  d a t a  from Experiment 5 was n o t  s i g n i f i c a n t .  
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i n  comparison w i t h  t h e  preced ing  three-day pe r iod ,  
43. 

t h e  t o t a l  amount o f  t i m e  i n  t h e  exper imental  box was s i g n i f i c a n t l y  

less  i n  experiment 5, where a l t e r n a t i v e  sou rces  of food and water 

were a v a i l a b l e ,  but no t  i n  experiment 4 wi th  no such cho ice  (F ig .  

7 a ) .  There were fewer v i s i t s  t o  t h e  exper imenta l  a r e a  f o r  food 

w i t h  t h e  w h i s t l e  o p e r a t i n g  i n  comparison w i t h  t h e  preced ing  

p e r i o d .  T h i s  was t r u e  f o r  an imals  w i th  a l t e r n a t i v e  and s i n g l e  

sou rces  o f  food ( F i g s .  8 a ,  h )  . However, i n  compensation, more 

v i s i t s  f o r  food were made i n  4 a f t e r  t h e  w h i s t l e  was switched 

o f f .  Th i s  was not  s o  i n  5. 

Also,  when t h e  r e s u l t s  from t h e  two exper iments  a r e  

compared, s i g n i f i c a n t  d i f f e r e n c e s  appear .  While t h e r e  were no 

d i f f e r e n c e s  i n  f e e d i n g  behaviour,  measured by v i s i t s  f o r  food 

and f o r  wate r ,  i n  Per iod  A of  4 and 5, fewer v i s i t s  p e r  hour 

f o r  both  food and wate r  were made i n  Per iod  B ' i n  5 t h a n  i n  

Pe r iod  B i n  4 .  

Unl ike  an ima l s  i n  4 ,  an imals  w i th  a l t e r n a t i v e  sou rces  o f  

food and wate r  d i d  no t  resume f e e d i n g  and t a k i n g  wa te r  from t h e  

exper imenta l  a r e a  a f t e r  t h e  w h i s t l e  had been switched o f f ,  

i n d i c a t i n g  t h a t  a f eed ing  p a t t e r n  had been a t  l e a s t  t empora r i l y  

a l t e r e d .  

Another d i f f e r e n c e  i n  response t o  u l t r a s o u n d  a p p e a r s  when 

l e n g t h s  of each v i s i t  t o  t h e  exper imenta l  a r e a  a r e  compared 

between 4 and 5 ( ~ i g .  7 b ) .  Whereas t h e r e  were no d i f f e r e n c e s  

f o r  Pe r iods  A and A ' ,  t h e r e  was a d i f f e r e n c e  wh i l e  t h e  w h i s t l e  

was o p e r a t e d  ( p e r i o d s  B and B1)  and f o r  t h e  p e r i o d  fo l lowing .  

V i s i t s  were s h o r t e r  i n  5 f o r  both  B1 and C'. Data from expe r i -  



Figure  7 

a .  T o t a l  amount o f  t ime t h a t  r a t s  spen t  i n  t h e  exper imenta l  cage 

($ of obse rva t ion  p e r i o d )  

b. Durat ion of  v i s i t s  made by ra t s  t o  t h e  exper imenta l  cage  

(measured i n  seconds p e r  v i s i t )  

I n  both a and b: 

= rats  wi th  a s i n g l e  source  of food and wa te r  i n  t h e  

exper imental  cage (Experiment 4 )  

= r a t s  w i t h  food and wate r  both  i n  t h e  exper imenta l  

and i n  t h e  c o n t r o l  cage (Experiment 5) 

1 1 1 1 1  = t h e  t h r e e  day p e r i o d  when t h e  u l t r a s o n i c  w h i s t l e  

was o p e r a t i n g  ( 1 9  - 20 kHz a t  130 db ) .  
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Figure  8 

Frequency of  v i s i t s  made by r a t s  t o  t h e  exper imenta l  Cage. 

a. Rats w i t h  a s i n g l e  source  of food and w a t e r  i n  t h e  exper imenta l  

cage (Experiment 4 ) .  

b. Rats wi th  food and wate r  i n  both t h e  exper imenta l  and 

c o n t r o l  cages  (Experiment 5 ) .  

I n  both a and b: 

= v i s i t s  p e r  hour f o r  food 

= v i s i t s  p e r  hour where n e i t h e r  food nor  wa te r  were 

t aken  

I = v i s i t s  p e r  hour f o r  wa te r  

1 1 1 1 1  = t h e  t h r e e  day p e r i o d  when t h e  u l t r a s o n i c  w h i s t l e  

was ope ra t ing .  
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ments 4 ,  5, 6 appears  i n  Appendix I. 

When i n  t h e  u l t r a s o n i c  f i e l d ,  a l l  animals moved about more 

quickly  w i t h  e a r s  f l a t t e n e d  a g a i n s t  t h e i r  heads. There was a 

g r e a t e r  tendency t o  climb t h e  cage and jump a t  t h e  roof.  For 

t h e  f i r s t  few v i s i t s  i n  t h e  f i n a l  t h r e e  day per iod  wi th  t h e  

w h i s t l e  s i l e n t ,  many animals appeared h e s i t a n t ,  o f t e n  remaining 

i n  t h e  ent rance .  By t h e  t h i r d  day i n  Periods C and C 1 ,  animals 

appeared l e s s  s t r e s s e d  and moved more slowly. 

Hearing of t h e  r a t s  was q u a l i t a t i v e l y  t e s t e d  us ing  a small 

p i e c e  o f  s p r i n g  s t e e l  which produced a loud snap (100 db SPL) 

when deformed. Decisions on hear ing  a c t i v i t y  were made observ- 

i n g  Preyer l  s r e f l e x  ( f l a t t e n i n g  of p innae) ,  movements of v i b r i s -  

s a e  and t h e  genera l ized  s t a r t l e ,  o r  leap-crouch, response ( ~ c h e i d t  

1 9 5 2 ) .  Seven of n ine  r a t s  i n  experiment 5 gave reduced responses.  

Two rats  from 4 and two from 5 w i t h  hear ing  l o s s e s  were examined 

w i t h  an otoscope whi le  l i g h t l y  anaes the t i zed  with e t h e r .  A l l  

had inflammation o r  haematomas of t h e  tympani i n  comparison w i t h  

c o n t r o l s .  I n  a l l  cases ,  hear ing  recovered w i t h i n  four  weeks. 



Experiment 6 

E f f e c t s  of High I n t e n s i t y  Ultrasound on t h e  Behaviour 
of Rats: P a r t  3 

Objective 

Changes i n  t h e  r e p e l l e n t  e f f e c t s  of i n t e r m i t t e n t  i n t e r v a l s  

of u l t r a sound  over a 3 day period on groups of r a t s  given a 

s i n g l e  source of food i n  t h e  sound-field were measured i n  t h i s  

experiment. 

METHODS AND MATERIALS 

Nine wi ld  a d u l t  male and female Ra t tus  norvegicus were 

used i n  t h i s  study. These r a t s  were d i f f e r e n t  from those  used 

i n  previous s t u d i e s .  

Equipment and procedures were similar t o  those  i n  4 

except f o r  t h e s e  changes: 1. R a t s  were introduced i n  groups 

of t h r e e  i n t o  t h e  apparatus;  2. t h e  whis t l e ,  r a t h e r  than  being 

switched by t h e  photocel l ,  was switched by a s p e c i a l l y  f a b r i c a t e d  

t imer  a t  random i n t e r v a l s .  I n t e r v a l s  of s i l e n c e  were from 15-s 

t o  180-s dura t ion  and i n t e r v a l s  of sound were of  3-s  t o  90-s 

dura t ion .  The camera was, a s  i n  both 4 and 5, switched by t h e  

pho toce l l .  On some occasions,  two f i l m s  were exposed on one day. 

White p a i n t  on t h e  head was used t o  i d e n t i f y  each r a t .  Data 

from each r a t ' s  v i s i t i n g  t h e  experimental  a r e a  was considered 

s e p a r a t e l y  and averaged l a t e r  on an  hourly b a s i s .  Overlapping 

v i s i t s  by two o r  more animals were measured separa te ly .  



RESULTS 

The r e s u l t s  f o r  t h i s  experiment have been considered 

s e p a r a t e l y  because of t h e  d i f fe rence  i n  procedure. In a d d i t i o n  

t o  t h e  u l t rasound being presented i n  randomly assigned i n t e r v a l s ,  

i n d i v i d u a l  behaviour may have been inf luenced through observat ion  

of o the r s .  When Period A i s  compared with Period B, h igh i n t e n s i t y  

u l t rasound d id  no t  s i g n i f i c a n t l y  reduce t h e  t o t a l  amount of time 

spen t  i n  t h e  experimental  a r e a ,  t h e  averagle  amount of time p e r  

hour o r  t h e  average amount of time pe r  v i s i t  ( ~ i g s .  9 a ,  b, c ) .  

However, t h e  behaviour of t h e  r a t s  a s  measured by t h e s e  

parameters i n  t h e  t h r e e  day period following u l t rasound was 

s i g n i f i c a n t l y  d i f f e r e n t  compared with t h e i r  behaviour with t h e  

whis t l e  on. These d i f fe rences  a r e  summarized i n  Table 5. 

Although t h e  d i f fe rence  i s  not  s i g n i f i c a n t ,  it was observed 

t h a t  l e s s  food and water were taken  i n  per iod B than  i n  A o r  C. 

Four of t h e  n ine  rats when examined l a t e r  appeared t o  have 

Suffered hear ing  l o s s  wi th  a s soc ia ted  inflammation of t h e  tympani. 



Figure  9 

a .  The t o t a l  amount of t ime t h a t  r a t s  spent  i n  t h e  experimental 

cage ($ of observat ion  per iod)  

b.  The amount of t ime measured i n  seconds per  hour t h a t  r a t s  

spent  i n  t h e  u l t rasound f i e l d  

c. The amount of t ime measured i n  seconds per  v i s i t  t h a t  rats  

spent  i n  t h e  u l t rasound f i e l d .  

I n  a ,  b and c: 

= r a t s  with a  s i n g l e  source of  food and water i n  t h e  

experimental  a r e a .  Rats  were introduced i n t o  t h e  

experimental  appara tus  i n  groups of t h r e e .  

1 1 1 1 1  = t h e  t h r e e  day pe r iod  when u l t rasound was presented  

i n  i n t e r v a l s  of random dura t ion .  
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DISCUSSION 

The r e p e l l e n t  e f f e c t s  of high i n t e n s i t y  u l t rasound on both 

s p e c i e s  of Ra t tus  were c l e a r l y  e s t ab l i shed  from t h e  f i r s t  experi-  

ment i n  t h i s  s e r i e s .  Although t h e  animals were t e s t e d  30 minutes 

a f t e r  being introduced,  t h e  minimal responses t o  compressor noise  

would suggest  t h e  rats  were r e l a t i v e l y  uns t ressed .  

The reduced a c t i v i t y  i n  t h e  experimental a r e a  while  t h e  

w h i s t l e  was operated i n  experiment 4 provides evidence f o r  t h e  

r e p e l l e n t  e f f e c t  of t h e  u l t r a s o n i c  f i e l d .  T h i s  conclusion i s  

f u r t h e r  supported by t h e  observed inc rease  i n  a c t i v i t y  a f t e r  t h e  

w h i s t l e  was switched o f f .  Ultrasound was even more e f f e c t i v e  

i n  reducing a c t i v i t y  when an  a l t e r n a t i v e  source of food and 

water  i n  a  sound-free a r e a  was suppl ied   EX^. 5 ) .  The r e p e l l e n t  

e f f e c t s  of t h e  w h i s t l e  appeared t o  be ins t rumenta l  i n  changing 

t h e  feeding  behaviour of r a t s  of fered  a choice.  L i t t l e  food was 

taken from t h e  c o n t r o l  a r e a  p r i o r  to ,  t h e  w h i s t l e 1  s opera t ions ,  

but f o r  t h e  remaining s i x  days, l i t t l e  was taken from t h e  experi-  

mental a r e a .  It i s  unknown how long t h i s  e f f e c t  might last  

a f t e r  c e s s a t i o n  of t h e  w h i s t l e ' s  opera t ion .  When no a l t e r n a t i v e  

food and water  source was of fered ,  t h e  r e p e l l e n t  e f f e c t  on feed- 

ing  behaviour was l e s s ,  w i t h  compensatory feeding i n  t h e  per iod  

fol lowing t h e  w h i s t l e ' s  opera t ion .  

Neophobia, o r  t h e  avoidance of a  new ob jec t  i s  a behaviour 

c h a r a c t e r i s t i c  of wild Rat tus  norvegicus ( ~ a r n e t t  1963) and occurs  

when t h e r e  i s  a  change i n  an otherwise f a m i l i a r  s i t u a t i o n .  It 

may be evoked by an  unfami l ia r  object,  a  f a m i l i a r  o b j e c t  i n  a new 



p o s i t i o n ,  o r  by u n f a m i l i a r  no i se s .  Although temporary, t h e  dura- 

t i o n  o f  t h e  e f f e c t  i s  h igh ly  v a r i a b l e ,  rang ing  from hours  t o  

weeks (commonly hours  t o  d a y s ) .  Upon removal of t h e  new o b j e c t ,  

behaviour  immediately r e t u r n s  t o  normal.' I n i t i a l l y  i n  both  

exper iments ,  t h e  r e p e l l e n t  e f f e c t s  of t h e  u l t r a sound  were most 

l i k e l y  s t r eng thened  by t h i s  neophobic e f f e c t .  However, t h e  

overcompensatory a c t i v i t y  i n  both experiments fo l lowing  t h e  

u l t r a s o u n d  and t h e  reduced f eed ing  a c t i v i t y  i n  t h e  exper imenta l  

a r e a  i n  experiment 5, where a l t e r n a t i v e  sou rces  o f  food and 

wa te r  were a v a i l a b l e ,  a r e  u n c h a r a c t e r i s t i c  of t h e  neophobic 

e f f e c t .  

More t h a n  one p roces s  may be involved i n  t h e  waning of 

r e spons iveness  towards u l t r a sound .  D i f f e r e n t  a s p e c t s  of t h e  

o v e r a l l  response  wane a t  d i f f e r e n t  r a t e s .  Even though an imals  

withdrew from t h e  soundf i e ld  l e s s  and l e s s  r a p i d l y  w i th  r epea t ed  

exposure,  responses  towards t h e  sound i t s e l f  p e r s i s t e d .  These 

i n c l u d e  r a p i d  movement, f l a t t e n i n g  of t h e  e a r s ,  c l imbing  t h e  

cage  and displacement  'grooming. Melzack (1961) found t h a t  duck- 

l i n g s  s t i l l  o r i e n t e d  towards hawk shaped f i g u r e s  even a f t e r  

escape responses h a b i t u a t e d ,  whi le  Horridge ( 1959) no ted  t h a t  

Nere i s  r e t a i n e d  some elements of withdrawal responses  a f t e r  

h a b i t u a t i o n  of o t h e r  elements.  

Ul t rasound p re sen ted  i n  randomly a s s igned  i n t e r v a l s  had 

l i t t l e  r e p e l l e n t  e f f e c t .  Some e f f e c t  i s  ev iden t  from t h e  changes 

i n  a c t i v i t y  fo l lowing  t h e  employment of u l t r a sound ,  bu t  t h e  hypo- 

t h e s i s  t h a t  i r r e g u l a r l y  o c c u r r i n g  i n t e r v a l s  of u l t r a s o u n d  i n h i -  



b i t  h a b i t u a t i o n  must be r e j e c t e d .  Possibly t h e  o v e r a l l  p a t t e r n  

o r  envelope of sounds and s i l e n c e  was recognized and h a b i t u a t i o n  

occurred.  Conversely, because of t h e  i r r e g u l a r  occurrence of 

u l t rasound,  a s s o c i a t i o n  between u l t rasound and experimental  a r e a  

may not  have been made. The l a t t e r  i s  more l i k e l y ,  f o r  when 

t h e  w h i s t l e  switched on with an animal i n  t h e  experimental  a r e a ,  

t h e  r a t  i n v a r i a b l y  l e f t  wi th in  a f r a c t i o n  of a  second. However, 

r a t s  d id  e n t e r  t h e  a r e a  with t h e  w h i s t l e  opera t ing .  

Tes t ing  t h r e e  r a t s  a t  one t ime may have poss ib ly  l e d  t o  

d i f f e r e n t  p a t t e r n s  of behaviour from those  seen i n  i n d i v i d u a l l y  

t e s t e d  r a t s .  Changes i n  behaviour r e s u l t i n g  from t h e  presence 

of  ano the r  member of t h e  same species ,  o r  s o c i a l  f a c i l i t a t i o n ,  

(crawford 1939) has  been found t o  be of minimal importance i n  

l e a r n i n g  and genera l  behaviour of rats  o older 1958). However,' 

t h i s  work was done with a l b i n o  o r  o the r  l abora to ry  ' v a r i e t i e s  

whose s o c i a l  behaviour i s  much l e s s  r i c h  than  t h a t  of  w i l d  

v a r i e t i e s  (%rnet t  1957, 1960, 1963). Leadership of a  dominant 

rat  may inf luence  behaviour through i m i t a t i o n  as we l l  as t h e  

t e n d e n c y t o  remain together .  Observational l ea rn ing ,  a  p a r t i c u -  

lar  form of s o c i a l  f a c i l i t a t i o n ,  has been repor ted  i n  r a t s  

avo id ing  candle flames a f t e r  observing o t h e r s  burned   ore - e t  

a l .  1971) .  Rats  and mice can d iscr iminate  between t h e  odours - 
of s t r e s s e d  and nonstressed ind iv idua l s  ( ~ a l e n t a  - e t  -, a l .  1968; 

Carr  e t  a l .  1970). Both t h e  mechanism f o r  t h e s e  responses and -- 
t h e i r  func t iona l  importance t o  o v e r a l l  behaviour a r e  unknown. 

Th i s  r e l a t i v e l y  unexplored a r e a  of behaviour impinges d i r e c t l y  



on successes  and f a i l u r e  of c o n t r o l  campaigns a g a i n s t  commensal 

roden t s ,  p a r t i c u l a r l y  t r app ing  and poisoning campaigns. 



Experiment 7 

R e p e l l e n t  E f f e c t s  of High I n t e n s i t y  Ultrasound on Mus musculus - 

Objec t ive  

The purpose of  t h i s  s e r i e s  of experiments was t o  compare 

t h e  r e p e l l e n t  e f f e c t s  o f  u l t r a sound  on mice i n  exper imenta l  

s i t u a t i o n s  where: ( 1 )  p o s i t i o n i n g  of food sources  was a l t e r e d ,  

( 2 )  t h e  s u b j e c t s  were depr ived of food and wate r  p r i o r  t o  t h e  

experiment,  (3) t h e  exper imental  a r e a  (sound f i e l d )  was new t o  

t h e  s u b j e c t s ,  ( 4 )  combinations of t h e  above t h r e e .  It was 

hypothes ized  t h a t  changes i n  t h e  i n t e r n a l  s t a t e s  of t h e  an imals  

would a f f e c t  responses  t o  t h e  u l t r a sound .  

METHODS AND MATERIALS 

Adul t  male and female w i ld  Mus musculus were used i n  t h i s  - 
s e r i e s  o f  t e n  experiments.  

The t e s t i n g  appa ra tus  c o n s i s t e d  of two square  p l a t e  glass 

cages  2Ocm on a s i d e  w i t h  a 0.95 cm ga lvan ized  square  mesh top .  

A c y l i n d e r  of t h e  same mesh, 50 cm long and 4 cm i n  d iameter  con- 

nec t ed  t h e  two cages  through 2 .5cmho les  i n  a s i d e  o f  each cage.  

A b a f f l e ,  0 .7  m x 0.7 m, cons t ruc t ed  of a c o u s t i c  t i l e ,  w i t h  a 

h o l e  c u t  t o  accommodate t h e  t unne l  was p o s i t i o n e d  halfway between 

t h e  two cages .  An u l t r a s o n i c  w h i s t l e  (desc r ibed  i n  ~ e n e r a l  

Methods) ,detuned t o  produce on ly  120 db SPL a t  40 cm, was 

suspended 40 cm above t h e  f l o o r  of one of t h e  two cages  des igna ted  

t h e  exper imenta l  cage. The compressor, i s o l a t e d  on foam rubber  

pads ,  was p o s i t i o n e d  2.4 m from t h e  cages  ( ~ i g .  10 ) .  With t h e  



F i g u r e  10 

Diagram o f  exper imenta l  a p p a r a t u s  uced t o  measure t h e  r e p e l l e n t  

e f f e c t s  o f  h igh  i n t e n s i t y  u l t r a s o u n d  on mice. 

A: Cont ro l  a r e a  

B: Experimental  a r e a  

C: Connecting t u n n e l  (mesh) 

D: Ultrasound proof b a f f l e  

E: U l t r a s o n i c  w h i s t l e  suspended 

F: A i r  compressor f o r  w h i s t l e  

G: Movie camera 





w h i s t l e  opera t ing  continuously,  sound l e v e l s  i n  t h e  s e c t i o n  of 

t h e  tunne l  ad jacen t  t o  t h e  experimental cage were107 db, 88 db 

i n  t h e  s e c t i o n  ad jacen t  t o  t h e  c o n t r o l  cage, and 86 db i n  t h e  

c o n t r o l  cage. With only t h e  compressor operat ing,  sound l e v e l s  

i n  t h e  tunne l  and i n  both cages were Up 2 db over t h e  ambient 

l e v e l  of 82 db sPL. Continuous l i g h t i n g  was suppl ied by four  100 

Watt incandescent bulbs. ANizo  Super 8 mm movie camera exposing 

one frame every 5 seconds monitored a c t i v i t y  i n  t h e  experimental  

a r e a .  

Groups of s i x  mice, a l l  of t h e  same sex and cage-mates f o r  

a minimum of four  weeks were introduced i n t o  t h e  experimental 

appara tus  24 hours p r i o r  t o  being t e s t e d .  Experiments, each of 

5 hours dura t ion  and s t a r t e d  between 0900 - 1200 hours,  were 

c a r r i e d  out over a 14 month period.  Allowances were not made 

f o r  p o s s i b l e  s h i f t s  i n  a c t i v i t y  r e l a t e d  t o  c i r c a d i a n  rhythms. 

A minimum of four  r e p l i c a t e s  were run f o r  each experiment, each 

us ing  s i x  mice with no previous experience of t h e  experimental  

appara tus .  

I n  t h e  f i r s t  s e r i e s  of experiments i n  t h e  study, mice were 

allowed f r e e  access  t o  both s i d e s  of t h e  appara tus  f o r  both t h e  

acc l ima t ion  and experimental per iod.  Food and water  were sup- 

p l i e d  ad l i b .  Mice i n  t h e  second s e r i e s  were allowed f r e e  access  -- 
t o  both s i d e s  of t h e  apparatus ,  but were deprived o f  food and 

water  during t h e  24 h r .  acc l imat ion  period.  I n  t h e  t h i r d  

s e r i e s ,  mice were r e s t r i c t e d  t o  t h e  l e f t  ( c o n t r o l )  s i d e  of t h e  

appara tus  and t h e  tunnel  during t h e  acc l imat ion  period,  but 



were given food and water ad l i b .  I n  t h e  four th  s e r i e s ,  mice 
7- 

were deprived of both food and water and r e s t r i c t e d  t o  t h e  

c o n t r o l  cage and tunnel  during t h e  acc l imat ion  period.  The 

i n d i v i d u a l  experiments a r e  l i s t e d  below: 

i. Food and water: 

a .  Present  i n  con t ro l  a rea .  
1. No ul t rasound (4 r e p l i c a t e s )  
2 .  With  u l t rasound (4 r e p l i c a t e s )  

b. Present  i n  both con t ro l  and experimental a r e a s .  
1. No ul t rasound (8  r e p l i c a t e s )  
2,  With u l t rasound (9 r e p l i c a t e s )  

c .  Present  i n  experimental a r e a .  
1. No ul t rasound (6  r e p l i c a t e s )  
2. With u l t rasound ( 5  r e p l i c a t e s )  

d. Absent i n  both a reas  
1. No ul t rasound ( 4  r e p l i c a t e s )  
2.  With u l t rasound ( 4  r e p l i c a t e s )  

ii. Deprivat ion (24 hours) followed by food and water: 

a. Present  i n  con t ro l  a rea .  
1. No ul t rasound (4 r e p l i c a t e s )  
2. With  u l t rasound ( 4  r e p l i c a t e s )  

b. Present  i n  experimental a rea .  
1. No ul t rasound (4 r e p l i c a t e s )  
2. With u l t rasound ( 4  r e p l i c a t e s )  

c. Absent i n  both a reas .  
1. No ul t rasound ( 5  r e p l i c a t e s )  
2. With u l t rasound ( 4  r e p l i c a t e s )  

iii, Opportunity t o  explore experimental a r e a  with food and water: 

a .  Present i n  both c o n t r o l  and experimental a r e a s  
1. No ul t rasound ( 4  r e p l i c a t e s )  
2. With ul . trasound (4 r e p l i c a t e s )  

b. Present  i n  experimental a rea .  
1. No ul t rasound (4 r e p l i c a t e s )  
2. With  u l t rasound (4 r e p l i c a t e s )  



i v ,  Opportunity t o  explore experimental a r e a  a f t e r  food and 
water depr iva t ion  (24  hours) : 

a .  Food and water o f fe red  i n  experimental a r e a .  
1. No ul t rasound (4 r e p l i c a t e s )  
2. With ul t rasound ( 5  r e p l i c a t e s )  

Exploded mica (ve rmicu l i t e )  t o  a depth of 1 cm covered t h e  

f l o o r  of each cage. Cages were washed w i t h  de tergent  and d r i ed  

between experiments t o  minimize t h e  e f f e c t  of odour of con- 

s p e c i f i c s .  ~ o o d  cons is ted  of ground Purina Mouse Chow and was 

presented  i n  t h e  middle of t h e  cage i n  4 cm p l a s t i c  p e t r i -  

d ishes .  One ounce c y l i n d r i c a l  open mouthed water j a r s  were 

p laced  a l s o  i n  t h e  c e n t r e  of t h e  cage. . I d e n t i f i c a t i o n  from t h e  

f i l m  o f  i n d i v i d u a l l y  marked mice was not poss ib le .  

Films of each experiment were p ro jec ted  a t  a r a t e  of 5 

frames pe r  second, o r  when necessary,  were viewed frame by 

frame. Movements of ind iv idua l  mice i n t o  and out  o f  t h e  experi-  

mental a r e a  were recorded. Only if a mouse's head and a t  l e a s t  

two f e e t  were i n  t h e  experimental Cage Was it scored. Thus two 

could poss ib ly  e n t e r  and l eave  wi th in  t h e  5 second i n t e r v a l  

between frames being exposed and thus  would not be scored. 

Data, upon which a l l  f u r t h e r  c a l c u l a t i o n s  Were based,were c o l l a t e d  

i n t o  t e n  minute per iods ,  f o r  a t o t a l  of t h i r t y  per iods  f o r  each 

5 hour experiment. A summary of means ( w i t h  t h e i r  s tandard 

e r r o r s )  of movements i n t o  and out  of t h e  experimental  a r e a  

appears  i n  Appendix 11. Using a t h r e e  po in t  moving average,  

means f o r  each experiment were p l o t t e d  t o  show t r e n d s  i n  changes 



o f  a c t i v i t y  over  t ime.  A measure of u l t r a s o u n d 1  s e f f e c t s  on 

a c t i v i t y  was ach ieved  by comparing a t  hour ly  i n t e r v a l s  t h e  

numbers of movements i n t o  and ou t  of t h e  exper imental  a r e a  w i th  

t h e  w h i s t l e  on and o f f .  



RESULTS 

I n  t h e  f i r s t  s e r i e s  o f  experiments,  i a-d ( ~ i ~ s .  11 a - d ) ,  

t h e  an ima l s  were f a m i l i a r  wi th  t h e  exper imental  a r n q  and were 

prov ided  wi th  a d  l i b  food and wate r  i n  t h e  c o n t r c  
-7 

za ( i a ) ,  

i n  both a r e a s  ( i b ) ,  i n  t h e  exper imental  a r e a  ( i c ) ,  o r  t h e  food 

and wa te r  were removed j u s t  before  t h e  s t a r t  of t h e  experiment 

( i d ) .  The l e v e l s  of a c t i v i t y  and ampli tude of change i n  a c t i v i -  

t y  a s  measured by movements i n  experiments i a-c  were r e l a t i v e l y  

low. With food and wate r  i n  t h e  c o n t r o l  s i d e  only ,  l e v e l s  of 

a c t i v i t y  were t h e  lowest  o f  t h e  fou r  experiments.  Experiment i d  

r e p r e s e n t s  a s p e c i a l  c a s e  and would perhaps  be b e t t e r  compared 

wi th  i i i a  and i i i b  a s  t h e  environment i n  t h e  exper imenta l  a r e a  

had been changed w i t h  t h e  removal of t h e  food .and wate r  d i shes .  

Ul t rasound reduced a c t i v i t y  t o  t h e  lowest  a b s o l u t e  l e v e l s  

i n  exper iments  i b  and i c ,  a l though  t h e r e  i s  a l s o  a s i g n i f i c a n t  

r e d u c t i o n  i n  i d .  s i g n i f i c a n t  r educ t ions  i n  a c t i v i t y  a r e  sum- 

marized on an hour ly  b a s i s  f o r  a l l  experiments i n  Table  6. . 

Data from t h e s e  comparisons appear  i n  appendix 111. 

I n  t h e  second s e r i e s  of experiments,  i i a - c  ( ~ i g s .  12  a - c ) ,  

mice were f a m i l i a r  wi th  both s i d e s  of t h e  appa ra tus ,  bu t  were 

dep r ived  of food and wate r  f o r  24 hours  p r i o r  t o  t h e  s ta r t  of 

t h e  exper iments .  Food and wate r  were t h e n  p l aced  i n  t h e  c o n t r o l  

a r e a  ( i i a )  o r  i n  t h e  exper imental  a r e a  ( i i b ) .  No food o r  wate r  

was provided  i n  i i c .  Wi th  t h e  w h i s t l e  no t  ope ra t ing ,  l e v e l s  o f  

a c t i v i t y  a r e  h i g h e r  t h a n  i n  t h e  f i r s t  s e r i e s ,  except  f o r  i d .  This  

a c t i v i t y  g r a d u a l l y  d e c l i n e s  over t h e  f ive-hour  pe r iod ,  but  l e a s t  
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Figure 12 

Movements i n t o  and out  of t h e  experimental  a r e a  by mice familiar 

wi th  t h e  experimental  a r e a  but deprived o f  food and water f o r  24 

h r s .  p r i o r  t o  t h e  experiment. 

a .  food and water  were placed i n  t h e  c o n t r o l  a r e a  

b. food and water were placed i n  t h e  experimental  a r e a  

c. food and water were not  given,  



MINUTES ( x  0.1) 



of a l l  i n  i i c  where no food was provided.  

Ul t rasound had s i g n i f i c a n t  r e p e l l i n g  e f f e c t s  i n  t h i s  s e r i e s  

a l t hough  a b s o l u t e  l e v e l s  o f  a c t i v i t y  remained h ighe r  t h a n  i n  t h e  

f i r s t  s e r i e s  w i t h  t h e  w h i s t l e  opera t ing .  

I n  t h e  t h i r d  s e r i e s ,  mice wi thout  p rev ious  oppor tun i ty  t o  

exp lo re  t h e  exper imental  a r e a  showed h igh  l e v e l s  of  a c t i v i t y  f o r  

t h e  f i r s t  two hours  both  wi th  t h e  w h i s t l e  o p e r a t i n g  and o f f  

( F i g s .  13 a , b ) .  These i n i t i a l l y  high l e v e l s  f e l l  o f f  l e s s  

r a p i d l y  when food and water  were p re sen ted  i n  t h e  exper imental  

a r e a  ( i i i b ) ,  t h a n  i n  i i i a  where food and wate r  were i n  both 

a r e a s .  A f t e r  t h e  t h i r d  hour, l e v e l s  i n  both i i i a  and b  were 

comparable t o  t h o s e  i n  i i i c .  

Ul t rasound had l i t t l e  r e p e l l i n g  e f f e c t  i n  t h i s  s e r i e s ,  wi th  

s i g n i f i c a n t  r e d u c t i o n s  i n  a c t i v i t y  i n  on ly  two of t h e  f i v e  hours.  

I n  Experiment 4 ,  mice were depr ived of food and wate r  and 

were  r e s t r i c t e d  t o  t h e  c o n t r o l  a r e a  dur ing  t h e  24 hour acclima- 

t i o n  p e r i o d .  Food and wate r  were p re sen ted  i n  t h e  exper imental  

a r e a  a t  t h e  s ta r t  of t h e  experiment. With t h e  w h i s t l e  o f f  

i n i t i a l  l e v e l s  of a c t i v i t y  (F ig .  13c)  were h i g h e s t  o f  a l l  f o u r  

exper iments .  ~ f t e r  two hours ,  a c t i v i t y  was reduced t o  l e v e l s  

similar t o  t h o s e  i n  i i c  ( ~ i g .  1 2 c ) ,  where mice were wi thout  food 

and wa te r .  u l t r a sound  appeared t o  have l i t t l e  e f f e c t  i n  reduc ing  

a c t i v i t y .  

One group of s i x  mice were exposed t o  130 db SPL of 19 - 20 

kHz u l t r a s o u n d  f o r  t h r e e  hours.  While e the r - anaes the t i zed ,  t h e i r  

tympani were examined wi th  t h e  O ~ O S C O P ~ .  I n  a l l  ca ses ,  t h e  
I 



Figure 13 

Movements i n t o  and out  of t h e  experimental  a r e a  by mice unfami- 

l i a r  with t h e  experimental  a r e a .  

food and water were placed i n  both experimental  and c o n t r o l  

a r e a s  

food and water were placed i n  t h e  experimental  a r e a  

mice were denied food and water  f o r  24 hours  p r i o r  t o  t h e  

s tar t  of t h e  experiment. Food and water  were placed i n  t h e  

experimental  a rea .  



MINUTES ( x  0.1 ) 



tympani were rup tu red  ( F i g .  1 4 a ) .  A f t e r  f i v e  t o  s i x  weeks 

h e a l i n g  had occur red ,  but even a f t e r  a  f u r t h e r  four  weeks only  

p a r t i a l  h e a r i n g  had been recovered.  Hearing was q u a l i t a t i v e l y  

t e s t e d  u s i n g  a  c l i c k e r  descr ibed  i n  Experiment 4.  Decis ions  on 

h e a r i n g  a c u i t y  were made from observ ing  P r e y e r ' s  r e f l e x  

( f l a t t e n i n g  of p innae ) ,  o r  movement of  v i b r i s s a e ,  o r  l e a p i n g  

Up fol lowed by crouching.  

A f t e r  as  l i t t l e  as  one hour exposure t o  120 db o f  u l t r a -  

sound, damage t o  tympani occur red  i n  t h e  form o f  inflammation 

and l o c a l  haematomas o f t e n  fol lowed by th i cken ing  and c louding  

of t h e  membrane w i t h i n  a week (F ig .  14b ) .  Recovery o f  hea r ing  

seemed complete w i t h i n  fou r  t o  e i g h t  weeks. 

Loss of  hea r ing  occur red  t o  animals  used i n  a l l  experiments,  

bu t  tended t o  be g r e a t e s t  t o  t h o s e  used i n  t h e  l as t  t h r e e  s e r i e s ,  

e s p e c i a l l y  i i i a ,  i i i b ,  and i v .  Aggression, measured by observed 

f i g h t i n g  and b i t e s  was much g r e a t e r  i n  groups of males a f t e r  

be ing  p a r t i a l l y  o r  complete ly  deafened. M o r t a l i t y  was h ighe r  i n  

t h e s e  groups f o r  s e v e r a l  weeks a f t e r  exposure t o  u l t rasound .  



Figure  1 4  

Macrophotographs of tympani of  M. musculus damaged through - 
exposure t o  high i n t e n s i t y  u l t rasound.  

A: Lef t  tympanum i s  ruptured.  The malleus i s  covered wi th  t h e  

remaining shreds.  

B: The l e f t  tympanum of t h i s  i n d i v i d u a l  i s  i n t a c t  but t h e  mid- 

d l e  e a r  i s  f i l l e d  wi th  f l u i d .  

The a c t u a l  diameter of  t h e  a u d i t o r y  c a n a l s  i s  2 - 3 mm. 





DISCUSSION 

The house mouse, un l ike  t h e  brown r a t ,  t ends  to explore 



t o r y  behaviour  must be dependent on t h e  i n t e r n a l  s t a t e  of t h e  

an imal  as  much a s  t h e  s t i m u l a t i n g  f a c t o r s .  The e x t e r n a l  s i t u a -  

t i o n ' s  e f f e c t i v e n e s s  i n  evoking exp lo ra to ry  behaviour depends 

on i t s  r e l a t i o n  t o  t h e  f a m i l i a r  as e s t a b l i s h e d  by exper ience ,  

f i r therrnore ,  t h e  i n t e r n a l  s t a t e  must i n f luence  whether a given 

degree  of d i sc repancy  e l i c i t s  eva'sion o r  e x p l o r a t i o n  and t h e  

i n t e n s i t y  of e i t h e r .  Changes t o  t h e  i n t e r n a l  s t a t e  from corn- 

p e t i n g  s t i m u l i  ( e .g .  presence of a conspec i f i c )  may c o n f l i c t  

w i t h  e x p l o r a t o r y  behaviour. 

Commensal roden t s  p resen ted  wi th  a novel  s i t u a t i o n  o r  envi-  

ronment, d i s p l a y  approach-avoidance behaviour c h a r a c t e r i z e d  by 

eve r  l onge r  fo rays  from t h e  f a m i l i a r  followed by r e t r e a t s .  The 

i n i t i a l l y  high l e v e l s  of a c t i v i t y  i n  i i i a  and i i i b  ( f e d ,  f i r s t  

o p p o r t u n i t y  t o  explore )  r e p r e s e n t  t h i s  t ype  of exp lo ra to ry  

behaviour wi th  t h e  high number of movements i n t o  and o u t  of t h e  

exper imenta l  a r e a  i n d i c a t i n g  advances and r e t r e a t s .  The presence  

of food i n  t h e  experimental  a r e a  i n  i i i b  may account  f o r  t h e  main- 

t enance  of h igh  l e v e l s  f o r  a longer  per iod .  Crowcroft (1963) 

found one mouse would explore  a 400 f t  enc losure  f o r  a n  hour, 

fo l lowed by a n  equal  pe r iod  of r e s t .  It would appear  from t h e  

r e s u l t s  of i i i a  and i i i b  t h a t  t h e  temporal  components of explora-  

t o r y  behaviour a r e  of more consequence than  t h e  s p a t i a l .  

The m i n i m a l  r e p e l l e n t  e f f e c t s  of u l t r a sound  under t h e s e  con- 

d i t i o n s  in contrast wi th  experiments i and ii i n d i c a t e  t h e  

s t r e n g t h  of t h e  urge  t o  explore .  The r e s u l t i n g  damage t o  tympani 

from t h e  ultrasound must have been a s s o c i a t e d  wi th  Very u n f a v o ~ r -  



a b l e  p h y s i o l o @ . c a l  e f f e c t s .  Mebb ( l 9 5 5 ) ,  sugges t ed  t h a t  organ-  

isms have a n  optimum l e v e l  of  a r o u s a l  t h a t  i s  i n f l u e n c e d  by 

senso ry  i n p u t .  Low l e v e l s  of i n p u t  would favour  r e sponses  t h a t  

produce i n c r e a s e d  s t i m u l a t i o n  and hence g r e a t e r  a r o u s a l .  Very 

h igh  o r  i n t e n s e  sm-mxy bombardment p roduc ing  h igh  a r o u s a l  should 

s e r v e  t o  i n h i b i t  t h e  behaviour  t h a t  l e a d s  t o  t h i s  i n t e n s e  st imu- 

l a t i o n .  

~f t h e  mice i n  exper iments  iii and  i v  d i s p l a y e d  behaviour  

a s s o c i a t e d  w i t h  exp l -ora t ion ,  t h e  r e s u l t s  do n o t  suppor t  Hebbl s 

h y p o t h e s i s .  Ul t rasound  s i g n i f i c a n t l y  reduced l e v e l s  of a c t i v i t y  

i n  t h e  second hour i n  i i i b  (Tab le  6 ) ,  bu t  n o t  i n  i i i a .  T h i s  

reduced a c t i v i t y  may be a r e s u l t  of r e d u c t i o n  i n  f e e d i n g  i n  t h e  

second hour i n  i i i b .  Leve ls  of a c t i v i t y  i n  t h e  u l t r a s o u n d  were 

similar i n  bo th  exper iments  i i i a , b  ( ~ i g s .  13 a , b ) ,  bu t  were  

h i g h e r  i n  i v  ( ~ i g .  1 3 ~ ) .  Ul t rasound  e v i d e n t l y  i n h i b i t s  f e e d i n g  

more t h a n  exp lo r ing .  When depr ived  of food and w a t e r  and  p r e -  

s e n t e d  w i t h  a f i r s t  t ime  o p p o r t u n i t y  t o  e x p l o r e  as  i n  i v ,  t h e  

l e v e l  of a c t i v i t y  was h i g h e r  t h a n  i n  any o t h e r  exper iment  ( F i g .  

13 c )  and u l t r a s o u n d  r e p e l s  s i g n i f i c a n t l y  f o r  o n l y  t h e  f i rs t  

hour .  IIowever, l e v e l s  of a c t i v i t y  d u r i n g  t h e  f i r s t  hour  w i t h  

t h e  w h i s t l e  a r e  no t  reduced below t h o s e  l e v e l s  i n  i i i a  

and i i i b  w i t h  t h e  w h i s t l e  s i l e n t .  The e s s e n t i a l  d i f f e r e n c e  be- 

t w e e n  i i i b  and i v  was food d e p r i v a t i o n .  The g r e a t e r  a c t i v i t y  i n  

m b ( w i t h  t h e  w h i s t l e  o f f )  which t h e  u l t r a s o u n d  i n h i b i t s  may be 

t h e  r e s u l t  o f  f eed ing .  

The reduced r e p e l l e n t  e f f e c t  of  h igh  i n t e n s i t y  u l t r a s o u n d  



i s  most n o t i c e a b l e  under cond i t ions  where exposure t o  t h e  u l t r a -  

sound i s  high i n  t h e  f i r s t  hours.  I t  i s  p o s s i b l e  t h a t  when an  

animal p - r e l i v e s  t h e  sound a s  loud, i t  i s  r e p e l l ~ d ,  but i f  i n  t h e  

sound f i e l d  s u f f i c i e n t l y  long, t h e  animal h a b i t u a t e s ,  i s  

deafened, o r  both. Certainly h e a r i n g  impairment was g r e a t e s t  

f o r  mice used i n  experiments iii and i v .  

subord ina te  mice i n  f i g h t i n g  bouts  i n h i b i t  f u r t h e r  a g r e s s i o n  

from dominant animals  by loud squeaking ( ~ i b l - ~ i b e s f e l d t  1950, 

R a l l s  1967) .  The observed f i g h t i n g  among pos t -exper imenta l  

males, r e s u l t i n g  i n  t h e  death of  somP a n i m a l s , ~ ~  be due i n  p a r t  

t o  h e a r i n g  l o s s .  Deafening has  a l s o  been shown t o  be involved 

i n  t h e  l o s s  of  pup r e t r i e v a l  behaviour i n  response  t o  a u d i t o r y  

behaviour ( s e e  Experiment 1). Casual o b s e r v a t i o n  i n d i c a t e d  

lower s u r v i v a l  r a t e s  of l i t t e r s  born t o  deafened females.  The 

importance of a u d i t o r y  information t o  a colony of f r e e  l i v i n g  

w i l d  mice i s  y e t  t o  be determined. 

Becausz of t h e  g ra iny  n a t u r e  of t h e  f i l m s  used t o  r ecord  

observat ions,  i d e n t i f i c a t i o n  of i n d i v i d u a l  mice was no t  p o s s i b l e ,  

and t h e  social s t a t u s  of animals  i n  t h e  sound f i e l d  was n o t  

known. ~ h i ~ ~ ~ e n  (1966) r e p o r t s  t h a t  low s t a t u s  animals  t end  t o  

be mor5 a c t i v e  and l i k e l y  t o  ven tu re  i n t o  new a r e a s .  D i f f e r e n t  

tolcranccs from high i n t e n s i t y  u l t r a sound  may e x i s t  f o r  h igh  and 

low status animals,   he e f f e c t i v e n e s s  of t h e  w h i s t l e  i n  p r o t e c t -  

ing a new environment may be r e l a t e d  not  only t o  t h e  amount of 



I n  management s i t u a t i o n s ,  where t h e  home range o f  i n d i v i d u a l  

an imals  would be 100 - 200 t imes  l a r g e r  t h a n  i n  t h i s  s tudy,  

e x p l o r a t o r y  behaviour may be modified,  and t h e  r e p e l l i n g  e f f e c t  

of u l t r a s o u n d  p o s s i b l y  g r e a t e r .  The behaviour of mice depr ived  

of food and water  may be s i m i l a r  t o  t h a t  observed i n  t h e  labora-  

t o r y ,  C e r t a i n l y  t h e  smooth g l a s s  walls of  t h e  experimental  

a p p a r a t u s  r e s u l t e d  i n  g r e a t e r  r e f l e c t i o n  of  u l t r a s o u n d  and pos- 

s i b l e  d i f f i c u l t y  f o r  animals  i n  l o c a l i z i n g  t h e  sound source.  

Th i s  confus ion  could  have l e d  t o  longer  exposures t o  t h e  u l t r a -  

sound t h a n  would occur  i n  a  f i e l d  s i t u a t i o n .  

The w h i s t l e  was most e f f e c t i v e  when t h e  p r o b a b i l i t y  of  

deafening  o r  h a b i t u a t i n g  t o  t h e  u l t r a s o u n d  were low, i. e. when 

animals  were exposed t o  u l t r a s o u n d  f o r  b r i e f  pe r iods .  Where 

a l t e r n a t i v e  sources  of food a r e  a v a i l a b l e ,  such as b a i t  s t a t i o n s  

i n  sound f r e e  a r e a s ,  mice i n  e s t a b l i s h e d  c o l o n i e s  should be 

s u s c e p t i b l e  t o  management. 



CHAPTER I1 - 
F i e l d  T e s t s  o f  a n  1J l t r a son ic  W h i s t l e  

INTRODUCTION 

The environment of f r z e - l i v i n g  an ima l s ,  i n  comparison t o  

t h e i r  l a b o r a t o r y  c o u n t e r p a r t s ,  must be c o n s i d e r e d  a s  be ing  

r i c h e r  i n  t e rms  of  amount and v a r i e t y  of s t i m u l i  impinging on 

i n d i v i d u a l s .  Responses from an ima l s  i n  a l a b o r a t o r y  s e t t i n g  may 

be of a d i f f e r e n t  n a t u r e  o r  i n t e n s i t y  from t h o s e  o f  t h e i r  w i l d  

c o u n t e r p a r t s .  F u r t h e r ,  r e s p o n s e s  t o  a un i form s t i m u l u s  pre -  

s e n t e d  i n  d i f f e r e n t  n a t u r a l  s e t t i n g ~  may v a r y  i n  ways r e l a t e d  

t o  t h e  i n t r i n s i c  d i f f e r e n c e  between t h e  environments .  

Marsh -- e t  a l .  (1962)  r e p o r t e d  t h e  f a i l u r e  o f  u l t r a s o u n d  a t  

15 - 16 kHz and 90 db t o  d i s p e r s e  c o l o n i e s  i n f e s t i n g  g r a i n  

e l e v a t o r s .  Ke l ih  (1963) reduced a c t i v i t y  i n  t h e  s o n i c  f i e l d  

of  a n  e l e c t r o n i c  d e v i c e  (18 k1Iz and 100 db a t  1 f t . )  i n  g r a i n  

e l e v a t o r s  bu t  cou ld  n o t  d i s p e r s e  t h e  co lony .  Burger (1967)  

r e p o r t e d  on ly  m i l d  a v e r s i o n  towards  a n  a i r  d r i v e n  w h i s t l e  ( 1 8  

kHz and 100 db a t  1 f t . ) ,  a g a i n  i n  g r a i n  e l e v a t o r s .  These 

t h r e e  s t u d i e s  employed r e l a t i v e l y  low f requency  and low i n t e n s i t y  

d e v i c e s  i n  environments  w i t h  a h i g h  ambient  n o i s e  l e v e l .  

1t would be expec ted  t h a t  bo th  t h e  number and i n t e n s i t y  

of  rer ,ponses t o  s t i m u l i t h a t  e l i c i t  e scape  should  be r e l a t e d  t o  

p r e d a t i o n  p r e s s u r e  o r  s t a b i l i t y  of t h e  h a b i t a t .  The r e p e l l e n t  

e f f e c t  of  h i g h  i n t e n s i t y  u l t r a s o u n d  shou ld  be g r e a t e r  i n  bo th  

f i e l d  s i t u a t i o n s  as  compared t o  l a b o r a t o r y  s t u d i e s .  



The p r e s e n t  s tudy r e p o r t s  on t h e  r e p e l l e n t  e f f e c t s  o f  high 

i n t e n s i t y  u l t r a sound  on two f r e e - l i v i n g  c o l o n i e s  of  R a t t u s  

norvegicus.  I n  one t e s t  s i t u a t i o n ,  changes i n  f eed ing  and 

locornotory a c t i v i t y  were measured and i n  t h e  o t h e r  s i t u a t i o n ,  

changes i n  a l l  a c t i v i t y  o u t s i d e  t h e  burrows was i n d i r e c t l y  

measured. 

A number of u l t r a s o n i c  devic5s  have been produced a s  

rodent  r e p e l l e n t s ,  but l i t t l e  informat ion  e x i s t s  on p o s s i b l e  

e f f e c t s  on non- targe t  organisms, E f f e c t s  of high i n t e n s i t y  

u l t r a s o u n d  on t h e  growth and g e n e r a l  behaviour of domestic 

ch ickens  and a domestic p i g  a r e  r epor ted  he re .  



1. Repe l l en t  E f f e c t s  of  High I n t e n s i t y  Ultrasound on R a t s  
i n  a  Warehouse 

0b.i ec t i v e  

The purpose of t h e  s tudy was t o  measure changes i n  a c t i v i t y  

and feed ing  i n  response t o  u l t r a s o u n d  o f  a  colony o f  w i l d  R. - 
norvegicus  feeding,but  not n e s t i n g , i n  a  small warehouse. 

Tes t  S i t e  and Methods: 

A small warehouse, a c t u a l l y  t h e  lower f l o o r  of  a  co rne r  

grocery  s t o r e ,  served  a s  t h e  f i r s t  t e s t  s i t e .  A small colony 

of  R .  norvegicus,  n e s t i n g  o u t s i d e  t h e  b u i l d i n g  i n  nearby second - 
growth and d e b r i s ,  had a c c e s s  t o  t h e  b u i l d i n g  through a t  l e a s t  

two openings i n  t h e  e x t e r i o r  w a l l s .  Ra t s  en te red  t h e  lower f l o o r  

a f t e r  da rk  i n  t h e  evening and fed  on food s t u f f s  s t o r e d  on i s l a n d s  

of s h e l v i n g  i n  t h e  c e n t r e  of t h e  one l a r g e  room 9.5 m x 10.5 m. 

The s i z e  and movements of t h e  colony were measured by 

coun t ing  droppings and observ ing  t r a c k s  a c r o s s  powder spread  

on  t h e  f l o o r .  A q u a l i t a t i v e  measure of a c t i v i t y  was achieved 

by a s s i g n i n g  va lues  t o  t h e  d e n s i t y  of t r a c k s  i n  t h e  powder l a i d  

down d a i l y .  These c a t e g o r i e s  were: 

+ s i n g l e  s e t  of t r a c k s  a c r o s s  powder 
++ s e v e r a l  s e t s  of d i s t i n c t  t r a c k s  

+*+ t r a c k s  over o t h e r s  
**++ powder completely swept away. 

Th i s  method al lowed a d i r e c t  comparison between movements of  t h e  

o r i g i n a l  and r e s i d u a l  popula t ion ,  a more important  measure t h a n  

a n  e s t i m a t e  of a b s o l u t e  d e n s i t y  ( ~ h i t t y  and Shor ten  1946). 



A f t e r  one week of  mon i to r ing  a c t i v i t y ,  t h r e e  u l t r a s o n i c  

w h i s t l e s  ( d e s c r i b e d  i n  General  ~ e t h o d s )  were p l a c e d  i n  t h e  room 

( ~ i g .  1 5 )  s o  as  t o  d i r e c t  a  sound f i e l d  around t h e  c e n t r a l  

i s l a n d s  o f  s h e l v e s  and t h e  back wall ,  a n  a r e a  covered  w i t h  d e b r i s .  

Sound l e v e l s  w i t h i n  two met,?rs o f  t h e  i s l a n d s  d i d  n o t  f a l l  below 

120 db and d i d  no t  f a l l  below 95 db anywhere i n  t h e  room. With 

t h e  w h i s t l e s  s i l e n t ,  ambient  l e v e l s  v a r i e d  between 75 and 85 db. 

For f o u r  weeks, i n c l u d i n g  p s r i o d s  when t h e  w h i s t l e s  were bo th  

o p e r a t i n g  and s i l e n t ,  a c t i v i t y  of  t h e  r a t s  was moni tored d a i l y  

i n  t h e  f i v e  a r e a s  i n d i c a t e d  i n  t h e  f l o o r  p l a n ,  

Week 1 - W h i s t l e  o f f  
Week 2  - W h i s t l e  on  8 p m  t o  8 am 
Week 3 - Days 1 - 3: W h i s t l e  o f f  

Days 4 - 7: W h i s t l e  on 8 pm t o  8 a m  
Weeks 4 ,5  - Days 1 - 3: W h i s t l e  on 8 pm t o  8 a m  

Days 4 - 7: W h i s t l e  o f f .  ' 

2. R e p e l l e n t  E f f e c t s  of High I n t e n s i t y  U l t r a sound  on Rats 
i n  a Chicken Barn 

O b j e c t i v e  

The purpose  o f  t h i s  s tudy  was t o  measure changes  i n  a c t i v i t y  

i n  r e s p o n s e  t o  u l t r a s o u n d  of a co lony  of w i l d  - R .  no rveg icus  feed-  

i n 6  and n e s t i n g  i n  a  l a r g e  ch i cken  barn.  

T e s t  S i t e  and Methods: 

A small co lony  o f  - R. n o r v q i c u s  burrowing,  n e s t i n g  and  

f e e d i n g  i n  t h e  t e s t  a r e a  s e rved  as  s u b j e c t s  t o  measure t h e  

e f f e c t i v e n e s s  of h igh  i n t e n s i t y  u l t r a s o u n d  i n  e x t i r p a t i n g  r o d e n t s .  



Figure 15 

Floor  p lan  of basement of Highway Mark& 

Area 1 - Food s torage  shelves 

Area 2 - Floor beneath food s to rage  she lves  

Area 3 - Entrance t o  crawlspace 

Area 4 - Rear entrance (hole  i n  wal-1) 

Area 5 - Periphery of room 

= entrance f o r  r a t s  

= w h i s t l e  





This  colony was l i v i n g  i n  t h e  concre te  l i n e d  p i t  beneath t h e  

l a t h i n g  f l o o r  of a chicken barn 7.47 m x 60.03 m ( ~ i ~ .  1 6 ) .  

The p i t  was 1 .5  m deep, and was f i l l e d w i t h  wood shavings  and 

droppings t o  a depth of 0 .5  m,  The s teady bui ldup o f  ch icken 

droppings and r i c h  supply of s p i l l e d  chicken feed ,  broken eggs 

and droppings themselves prec luded a n  a c c u r a t e  measurement of 

popu la t ion  s i z e  and movement employing convent ional  t echn iques  

such as t r a c k i n g  powder, census b a i t i n g  and t r app ing .  However, 

wi th  t h e  c o n t i n u a l  r a i n  of droppings from 5,000 hens,  only a c t i v e  

burrows remained open f o r  morz t h a n  a day. A d a i l y  count of 

open burrow en t rances  t h u s  o f f e r e d  a r e l a t i v e  measure o f  a c t i -  

v i t y ,  and t h i s  technique  was mployed throughout t h e  s tudy.  

Tracking powder was used t o  d e t e c t  movements of r a t s  from t h e  

barn  a t  t h e  s i n g l e  p o i n t  a c c e s s i b l e  t o  them, 

A f t e r  one week of obse rva t ion ,  t h r e e  u l t r a s o n i c  w h i s t l e s  

( described i n  General  ~ e t h o d s )  were p laced  beneath t h e  l a t h i n g  

f l o o r  of t h e  barn so as t o  d i r e c t  a d i f f u s e d  unobs t ruc ted  sound 

f i e l d  over  t h e  s u r f a c e  of t h e  e n t i r e  p i t ,  except as o the rwise  

i n d i c a t e d .  For four  weeks, i n c l u d i n g  p e r i o d s  when some o r  a l l  

of t h e  w h i s t l e s  were o p e r a t i n g  o r  s i l e n t ,  t h e  number of open 

burrow e n t r a n c e s  i n  a l l  a r e a s  and s i g n s  of rats l e a v i n g  t h e  barn  

were monitored d a i l y .  F ive  evening obse rva t ions  were made i n  

Weeks 1, 2 and 3 wi th  a n  i n f r a - r e d  S n 0 0 p e r ~ ~ 0 p e  t o  observe  ra t  

a c t i v i t y  above t h e  l a t h i n g *  



Figure 16 

A. Floor p lan  of hen house 

ed prepara t ion  a r e a .  Rats  d i d  not  have a c c e s s  

this a rea .  

Automatic U-shaped chain dr iven feeder  r a n  t h e  f u l l  

length  of barn and was suspended from t h e  c e i l i n g .  

S ix  automatic water ing t roughs - = Exi t  f o r  r a t s  

= Whistle 

B. Cross s e c t i o n  of p i t  

a .  Lathing f l o o r  

b. Wood shavings and chicken droppings. 

= a c t i v e  burrow entrances a t  t h e  s t a r t  of t h e  experiment 
t 

= ac t ive  burrow ent rances  a t  t h e  end of t h e  experiment* 



AREA I 



Schedule of Whis t le  Operation. 

Week Area 1 Area 2 Area 3 

1 o f f  o f f  o f f  
2 on on 
3 

on ( 8  am - 8 pm) 
o f f  

4 
on on 

on 

I 
o f f  o f f  

5 D a y l -  on on on 4j o f f  5 Day 5 - 7 o f f  o f f  

3 ,  E f f e c t s  o f  High I n t e n s i t y  Ultrasound on Chick Growth and 
Behaviour 

Ob J e c t i v e  

The purpose of t h i s  s tudy was t o  measure t h e  e f f e c t  o f  

u l t r a s o u n d  on t h e  growth and development o f  domestic ch icks .  

Methods and Mate r i a l s :  

s i x ,  day-old Paymaster r o o s t e r  ch icks ,  Gal lus  domesticus,  

served  a s  s u b j e c t s  i n  t h i s  experiment. Experimental  and c o n t r o l  

groups of t h r e e  were r a i s e d  s e p a r a t e l y  i n  3 m x 3 m rooms main- 

t a i n e d  a t  20•‹ C + 2O and i l l u m i n a t e d  from 0800 hours  t o  2000 

hours .  The experimental  group of r o o s t e r  c h i c k s  were exposed 

t o  20 HZ of u l t r a sound  a t  120 db SPL a t  1 m f o r  a p e r i o d  o f  

f i v e  weeks from 2000 hours  t o  0800 hours .  The c o n t r o l  group 

was exposed t o  n o i s e  from t h e  compressor of 82 db, 4 db over  t h e  

ambient l e v e l ,  f o r  a similar per iod .  Experimental  and c o n t r o l  

regimes were then  reversed  f o r  a f u r t h e r  two week per iod .  



4. E f f e c t s  of High I n t e n s i t y  Ultrasound on t h e  Growth o f  a P ig  

Objec t ive  

The e f f e c t s  of  high i n t e n s i t y  u l t r a sound  on t h e  growth of  

a domestic p i g  were measured i n  t h i s  s tudy.  

Methods and Mate r i a l s :  

The r a t e  of growth f o r  a newly weaned 2 month o l d  Langcaster-  

s h i r e  p i g l e t ,  Sus s c r u f a ,  was e s t a b l i s h e d  i n  a t h r e e  week per iod .  - 
The animal  was housed i n  a 5 m  x 3 m room wi th  n a t u r a l  l i g h t i n g .  

The p i g l e t  was t h e n  exposed t o  u l t r a s o u n d  of  20 kHz a t  130 db 

a t  3 f t  from 2000 hours  t o  0800 hours  u n t i l  t h e  experiment was 

te rminated .  Ambient sound l e v e l s  dur ing  t h e  day were approxi-  

mately 72 db. 



R e s u l t s  

From surveying  t h e  amount o f  food taken,  t h e  d e n s i t y  o f  

t r a c k s  i n  t h e  powder, and t h e  number of burrows near  t h e  bui ld-  

ing ,  t h e  colony was es t imated  t o  c o n s i s t  of  between e i g h t  and 

twelve a d u l t  r a t s .  A c t i v i t y  was g r e a t e s t  a f t e r  2300 hours ( t h e  

s t o r e  c l o s i n g  hour ) ,  and whi le  not  r e s t r i c t e d  t o  any one a r e a  

of t h e  room ( ~ i g .  l 7 ) ,  was g r z a t e s t  i n  t h e  a r e a s  near  t h e  

en t rances  and t h e  food s t o r a g e  she lves .  A s  i s  common wi th  r a t s ,  

movement was g r e a t e s t  near  v e r t i c a l  s u r f a c e s  and sources  of 

cover .  From t h e  beginning of t h e  t e s t  pe r iod ,  feeding ,  which 

g e n e r a l l y  accomy;anied a c t i v i t y  i n  Area 1, was i n h i b i t e d  f o r  two 

weeks, inc lud ing  a t h r e e  day pz r iod  when t h e  w h i s t l e  was 

switched o f f .  Rats were a c t i v e  near  t h e  en t rances  t o  t h e  room 

a f t e r  only a  week of t h e  w h i s t l e ' s  ope ra t ion .  A c t i v i t y  g radua l ly  

i n c r e a s e d  t o  t h a t  l e v e l  observed p r i o r  t o  t h e  o n s e t  o f  t h e  

w h i s t l e ' s  ope ra t ion .  

The colony was es t imated ,  on t h e  b a s i s  of t h e  number of bur- 

row en t rances  ( ~ a l h o u n  1962) ,  t o  c o n s i s t  of t e n  t o  twelve weaned 

rats.  A c t i v i t y  was most probably r e s t r i c t e d  t o  t h e  evening 

hours ,  and from Snooperscope obse rva t ions ,  was r e s t r i c t e d  t o  

t h e  p i t  below t h e  f l o o r i n g ,  a l though s e v e r a l  broken l a t h e s  

could  have allowed access  t o  t h e  main f l o o r .  Food requirements  

could be met wi thout  l e a v i n g  t h e  p i t .  The droppings and broken 



F i g u r e  17 

E f f e c t s  of u l t r a sound  on a c t i v i t y  o f  t h e  ra t s  i n  a  warehouse as 

measured by t h e  d e n s i t y  of  t r a c k s  i n  t h e  fo l lowing  a r e a s :  

1. Food s t o r a g e  she lves  

2. F loo r  beneath food s t o r a g e  she lves  

3. Ent rance  t o  crawlspace 

4. Rear en t r ance  ( h o l e  i n  wall) 

5. Per iphery  of room. 

mwmmmm = p e r i o d s  when t h e  u l t r a s o n i c  w h i s t l e  was o p e r a t i n g  





eggs may have supp l i ed  s u f f i c i e n t  water .  R a t s  were not  

observed d r ink ing  from t h e  water  t roughs  above t h e  f l o o r .  

A t  t h e  beginning o f  t h e  t e s t  per iod ,  one of t h e  two burrow 

systems was cen te red  i n  a small  a r e a  a t  t h e  t o p  of t h e  barn i n  

Area 1. The second burrow system was more d i f f u s e ,  and spread  

i n  a l i n e  under t h e  automatic  f e e d e r  i n  Area 2. From Table 7, 

it i s  c l e a r  t h a t  o v e r a l l  a c t i v i t y ,  a s  measured by t h e  number 

of open burrows, was g r e a t l y  reduced i n  t h e  f i r s t  week of t h e  

w h i s t l e ' s  ope ra t ion ,  and a c t i v i t y  i n  Area 2 was reduced t o  t h e  

same l e v e l  f o r  a second week, The r a t s  i n  t h i s  burrow system 

probably d i spe r sed  i n t o  Area 3 i n  t h e  t h i r d  week of t h e  w h i s t l e ' s  

ope ra t ion .  From t h e  t r a c k i n g  powder t h e r e  was no evidence t h a t  

any animal l e f t  t h e  barn. 

There was no d i f f e r e n c e  i n  t h e  r a t e  of  growth o f  ch icks  

i n  t h e  two groups ( ~ i g .  18). S o c i a l  behaviour was not  

obviously d i f f e r e n t  between t h e  two groups,  e i t h e r  i n  t h e  f i r s t  

o r  i n  t h e  second phase of t h e  experiment.  The r e d u c t i o n  i n  t h e  

r a t e  of growth i n  both groups r e s u l t s  from a change i n  feed.  

4. 

~ l t h o u g h  high i n t e n s i t y  u l t r a sound  appeared not  t o  a f f e c t  

t h e  weight g a i n  o f  t h e  p i g  ( ~ i g .  1 9 ) ,  t h e  w h i s t l e  was switched 

of f  a f t e r  one week. The animal  showed extreme i r r i t a b i l i t y  t o  

n o i s e s ,  approach by e x p e r i m m t e r s ,  and sudden movements. Also, 



TABLE rf 86. 
E f f e c t s  of Ultrasound on t h e  Number o f  Ac t ive  Burrows i n  

t h e  Chicken Barn 

A C T I V E  BURROWS 

Area 
TOTAL 

Area Area 
Day #1 #2 #3 

Jan.  11 1 
1972 2 

Note: t h e  burrows i n  Area 2 from day 23 on were w i t h i n  a 

a meter  of Area 3 

i = Ultrasound on a t  t h i s  t ime i n  t h i s  a r e a  
I 
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Growth r a t e  of r o o s t e r  ch i cks  i n  t h e  u l t r a s o u n d  f i e l d .  Three  

ch i cks  were exposed t o  19 - 20 kHz a t  120 db t o g e t h e r  w i t h  t h e  

n o i s e  of t h e  compressor d r i v i n g  t h e  w h i s t l e ;  t h r e e  c h i c k s  were 

exposed t o  low frequency n o i s e  (82 db) from t h e  compressor a l o n e .  . 
0 0 0  ch icks  i n  u l t r a s o u n d  

ch i cks  i n  compressor n o i s e  

v feed was changed f o r  both groups 

u' c o n t r o l  and exper imental  regimes were r e v e r s e d ,  i e -  

ch i cks  p rev ious ly  i n  u l t r a s o u n d  were exposed t o  

m n p r e s s o r  n o i s e  and c h i c k s  i n  compressor n o i s e  were 

exposed t o  u l t r a sound .  





Figure  19 

Growth of a domestic p i g l e t  i n  an  u l t rasound f i e l d .  From t h e  

23rd t o  t h e  33 rd  day of t h e  study' thn p i g l e t  was exposed t o  u l t r a -  

sound of 19 - 20 a t  130 db between 2000 hours t o  0800 hours .  

v p i g l e t  was 2 months o l d  a t  t h e  beginning of t h e  s tudy 

v v p i g l e t  was dewormed 

work was done on t h e  pen housing t h e  animal 

i m I I ~ ~ ~  ul t rasound was on 





i n  t h e  l a s t  t h r e e  days o f  t h e  w h i s t l e ' s  o p e r a t i o n  and f o r  

s e v e r a l  days fol lowing,  t h e  p i g 1  s food consumption was reduced 

by a t h i r d ,  



Discuss ion  

The rats were f r e q u e n t i n g  t h e  warehouse presumably as a 

r e s u l t  o f  a t t r a c t i o n  t o  t h e  s t o r e d  foods tu f f s  whereas t h e  chicken 

ba rn  c o n s t i t u t e d  a  complete home range f o r  t h e  colony l i v i n g  i n  

it. The g r e a t e r  success  i n  r e s t r i c t i n g  a c t i v i t y  i n  t h e  ware- 

house probably r e f l e c t s  t h e  n a t u r a l  p r o c l i v i t y  of ra ts  t o  main- 

t a i n  a r a t h e r  small, wel l-def ined home range which they  a r e  

r e l u c t a n t  t o  leave .  Indeed, Davis e t  a l .  (1948) ,  Calhoun (1962) -- 
and Emlen -- st a l .  (1949) r e p o r t  extremely low l e v e l s  o f  migra t ion  

from a r e a s  where t h e  h a b i t a t s  were des t royed.  Nass e t  a l .  (1971) -- 
r e p o r t  similar f i n d i n g s  f o r  R a t t u s  r a t t u s  dur ing  sugar  cane 

h a r v e s t i n g  opera t ions .  

Although l e v e l s  of a c t i v i t y  i n  t h e  chicken barn  a s  a r e s u l t  

of t h e  w h i s t l e t  s o p e r a t i o n  were reduced f o r  comparable p e r i o d s  

o f  t ime, t h i s  r e d u c t i o n  was not  t o  t h e  same degree a s  i n  t h e  ware- 

house,  and probably r e f l e c t s  a n  i n t r i n s i c  d i f f e r e n c e  between t h e  

t w o  t e s t  s i t u a t i o n s  and co lon ies .  I n  both cases ,  f e e d i n g  i n  

t h e  u l t r a s o n i c  f i e l d  was r e s t r i c t e d ,  but n e s t i n g  i n  t h e  chicken 

barn was a f f e c t e d  l i t t l e .  

In t h e  warehouse, t h e  l e v e l s  of u l t r a s o u n d  were h igher  

n e a r  t h e  food s t o r a g e  s h e l v e s  t h a n  near  e i t h e r  of  t h e  en t rances .  

These h igher  l e v e l s ,  t o g e t h e r  wi th  t h e  open f l o o r  space around 

t h e  she lves ,  account f o r  a c t i v i t y  being r e s t r i c t e d  t o  t h e  

e n t r a n c e s  i n  t h e  second week of t h e  w h i s t l e t  s opera t ion .  

A l t e r n a t i v e  food sources  f o r  t h e  colony were not  obvious and 

hunger may have been a s t r o n g  f a c t o r  in t h e  h a b i t u a t i o n  o f  t h e  



animals  t o  t h e  sound. 

A s  measured by t h e  number of open burrow en t rances  i n  t h e  

chicken barn, t h e  w h i s t l e  had a  s u b s t a n t i a l  e f f e c t  i n  t h e  f i rs t  

week o f  opera t ion .  This  e f f e c t  slowly l e s sened  over t h e  f o l -  

lowing two weeks. The es tabl i shment  o f  a  new burrow system i n  

Area 3 appeared t o  be a  d i r e c t  r e s u l t  of  t h e  w h i s t l e ' s  ope ra t ion .  

A burrow system i s  never s t a t i c ,  but  complete abandonment, as 

observed i n  t h i s  s i t u a t i o n ,  must be t h e  r e s u l t  of c o n s i d e r a b l e  

p r e s s u r e ,  

Ultrasound, independent of o t h e r  c o n t r o l  measures, o f f e r s  

e x c e l l e n t  s h o r t  term c o n t r o l ,  but  i t s  e f f e c t s  wane as a  f u n c t i o n  

o f  both t ime and t y p e  of behaviour involved,  e. g. f e e d i n g  vs. 

n e s t i n g .  The r e p e l l e n t  e f f e c t s  a r e  no t  s u f f i c i e n t  t o  perma- 

n e n t l y  d i s p e r s e  a n  e s t a b l i s h e d  colony. It i s  of  smal l  va lue  a s  

a long  te rm s i n g l e  form of c o n t r o l .  The p o t e n t i a l  o f  u l t r a sound  

i n  p r o t e c t i n g  uninhabi ted  environments from i n f e s t a t i o n  remains 

t o  be explored.  Also, u l t r a s o u n d  Could be o f  cons ide rab le  va lue  

i n  i n t e g r a t e d  c o n t r o l  programs, e s p e c i a l l y  i n  s i t u a t i o n s  where 

poison  o r  t r a p p i n g  a lone  a r e  no t  f e a s i b l e ,  e.g. s t o r e d  food 

i n f e s t a t i o n s .  I n  conjunct ion  wi th  a p r e b a i t i n g  program i n  a 

convenient,  sound-free a r e a ,  u l t r a sound  could be a  v a l u a b l e  

c o n t r o l  measure. 

The hea r ing  o f  b i r d s  t e n d s  t o  be a t t u n e d  t o  a  r a t h e r  

narrow range of f r equenc ies  i n  t h e  middle o f  t h e  human a u d i b l e  

range ( ~ c h w a ~ t z k o p f f ,  1955) .  The h e n ' s  h e a r i n g  i s  most s e n s i t i v e  

t o  sounds i n  t h e  range of  3 kHz, which corresponds w e l l  w i t h  t h e  



c h i c k f  s c r i e s  of  anguish ( s i c . )  ( ~ u s n z l  1963). The upper l i m i t s  

of  t h e  c h i c k e n ' s  hea r ing  does not  exceed 20 kHz and t h e i r  in-  

a b i l i t y  t o  hear t h e  w h i s t l e  would appear  t o  account f o r  i t s  l a c k  

of  e f f e c t  on t h e i r  growth and development. 

Exposure over s e v e r a l  weeks t o  i n t e r m i t t e n t  a i r c r a f t  n o i s e  

of f r equenc ies  ranging  from 200 t o  4500 Hz a t  104 t o  120 db had 

no e f f e c t  on r a t e  of g a i n  of domestic p igs ,  Sus sc ru fa ,  a l though - 
t h e  animals  never completely h a b i t u a t e d  and showed some i n i t i a l  

a la rm a t  t h e  onse t  of t h e  n o i s e  ( ~ o n d  1970). Continuous whita  

n o i s e  (composed of a broad spectrum of  f r equenc ies )  a t  93 db 

over  s e v e r a l  days caused a ldos te ron i sm and severe  r e t e n t i o n  of 

water  and sodium i n  young p i g s  ( ~ u g a r d  e t  a l .  1960) .  The grunt -  -- 
i n g  sounds of t h e  domestic p i g  a r e  i n  t h e  range o f  250 Hz t o  320 

Hz and t h e i r  screams of d i s t r e s s  and p a i n  do not  exceed 1.5 M z  

( ~ u s n e l  1963) ,  but from t h e  r e s u l t s  of t h e  p r e s e n t  s tudy,  t h e  

p i g ' s  hea r ing  must exceed 20 Hz. S e n s i t i v i t y  t o  u l t r a s o u n d  

would prec lude  i t s  u s e  i n  c o n t r o l  programs near  t h e s e  animals .  



GENEIUT, C O N C L U S I O N S  

J u v e n i l e  rats emit u l t r a s o n i c  v o c a l i z a t i o n s  i n  response t o  

i n t e n s z  s t i m u l a t i o n .  These c r i e s  a r e  s i m i l a r  t o  c r i e s  t h a t  have 

previous ly  been i n t e r p r e t e d  a s  i n h i b i t i n g  aggress ion  o r  perhaps 

c o n t a c t ,  The p r e c i s e  comrnunicalive va lue  remains t o  be found. 

Poss ib ly  t h e s e  o r  s i m i l a r  c a l l s  could b2 expl-oi ted i n  c o n t r o l  

programs. I have shown t h e  conmunicative value of t h e  u l t r a s o n i c  

c r i e s  of i s o l a t e d  mouse pups. Kccordings of t h z s e  c r i e s  w i l l  

a t t r a c t  l a c t a t i n g  females over  s h o r t  d i s t a n c e s .  Deafened mice 

do not  l eave  t h e  n e s t  t o  r e t r i e v e  pups and a r e  probably more 

a g g r e s s i v e  towards t h e i r  young a s  w e l l  as c o n s p e c i f i c s .  Deaf- 

ening should be i n v e s t i g a t e d  as a  c o n t r o l  technique.  

High i n t e n s i t y  u l t r a s o u n d ,  such a s  t h a t  produced by t h e  

w h i s t l e  used i n  t h i s  s tudy,  would not  be p r a c t i c a l  a s  a deafening 

agen t  f o r  r a t s  as  r e l a t i v e l y  long exposure t imes  a r e  necessary.  

The u l t r a sound  may i n t e r f e r e  wi th  p e r c e p t i o n  of  i n t r a - s p e c i f i c  

a u d i t o r y  s i g n a l s  and c e r t a i n t l y  must reduce t h e  r a t t  s echo- 

l o c a t  i n g  a b i l i t i e s .  

The r e p e l l e n t  e f f e c t s  of high i n t e n s i t y  u l t r a sound  a r e  

moderate under l a b o r a t o r y  c o n d i t i o n s .  Repulsion i s  g r e a t e r  when 

rats o r  mice a r e  g iven  a l t e r n a t i v e  sources  of  food and water  i n  

sound-free a r e a s .  Mice a r e  more a c t i v e  when deprived of food and 

water  o r  when given a n  oppor tun i ty  t o  exp lo re  a novel a r e a .  

Although t h e  r e p e l l e n t  e f f e c t s  of t h e  w h i s t l e  were s l i g h t  i n  

t h e s e  s i t u a t i o n s ,  h e a r i n g  l o s s  was involved and t h e  animals  may 

no t  have perce ived  t h e  u l t r a sound  as being s t r e s s f u l .  



Free-l iving animals were repe l led  f o r  longer periods than 

r a t s  i n  t he  laboratory.  However, a s  with laboratory  f ind ings ,  

degree of repuls ion was r e l a t e d  t o  i n t e r n a l  s t a t e s  of t he  animals. 

Feeding behaviour was more s t rongly  a f f ec t ed  than nes t ing.  The 

r a t s  eventual ly  responded l e s s  t o  t he  ul trasound i n  both f i e l d  

t e s t s .  The lo s s  of response i n  laboratory  o r  f i e l d  s i t u a t i o n s  

could be produced by a va r i e ty  of l ea rn ing  processes,  t h e  

simplest  o f - t h e s e  being hab i tua t ion  o r  l o s s  of response t o  

s t i m u l i  t h a t  a r e  not  assoc ia ted  with "reward o r  punishment1' 

( ~ . 2 8 ) .  Conditioning may a l s o  occur, and c l a s s i c a l l y  t h i s  would 

involve the  a s soc i a t i on  of t h e  noxious st imulus with o ther  

"harmless1' s t i m u l i  such a s  t he  appearance of t he  experimental 

cage o r  equipment. ( type  I condit ioning,  Thorpe 196) p. 79) 

In t h e  absence of s p e c i f i c  experiments t o  d iscr iminate  between 

these  two learning processes,  I have used t h e  term habi tuat ion.  
I 

Habituat ion occurs l e s s  r a p i d l y  when a  sound st imulus i s  

assoc ia ted  with physiological  damage (Galambos 1956). However, 

a f t e r  chronic exposure t o  high i n t e n s i t y  ul trasound,  both 

perception of the  sound and the  p o s s i b i l i t y  t h a t  f u r t h e r  

physiological  damage could occur must be reduced. The r e p e l l e n t  

e f f e c t s  of the  sound could be made more p e r s i s t e n t  through 

simultaneous s t imula t ion  of another  sensory modality (e .  g. v i s ion ) .  

Eradicat ion,  r a t h e r  than repu ls ion ,  would be poss ib le  'with a 

program in t eg ra t ing  ul trasound with pre-bai t ing and poison- 

b a i t i n g  i n  sound-free areas .  This technique should be of value 

i n  s i t u a t i o n s  such a s  s to red  food i n f e s t a t i o n s  when poisoning 

and t rapping a r e  e i t h e r  impossible o r  undesi rable ,  
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