
W O R L D  H E A L T H  ORCANISAT ION M W I A L E  
O R G A N I Z A T I O N  DE LA sAUTI! 

Repional Otrtcr Bureau r4gionai 

fu t h  EasIem MmdIhrranean pour la M i d t l w r ~ &  orlentah 

SEJIINAR ON PUBLIC HEALTH A2D ECOIIOl~EC EH/S&q.PH.EC .ASP.ROD.C!CL./~~ 
ASPECTS OF RODUJT CONTXOL 

21 October 1974 
Alexandria, 2-8 Decenber 1974 BiGLSSH OHLY 

PRIiiCIPLES OF RODENT COiiTROL 

Dr. W .E . ~oward* 
WHO Temporary Adviser 

+ Professor of Wildlife Biolow and 
vertebrate Eco1ogi.s t, Califda, USA 

~~~0/74/1512 



kre l iminary  Survey, ~oi.le-eetion .of.. Basic - D a t a r  

Bssessnent of t h e  Needs6 1-7 
I r e l imina ry  survey 1-2 

(1)  B i o p o l i t i c s  

(2 )  Define the  problem 

(3)  Examples 

(4) E c o l o ~ c a l  f a c t o r s  

The Co l l ec t ion  of Basic Data 3-6 

(1) S ~ e c i e a ~ i d e n t i f i c a t i o n  

(2)  pet ern in in^ populat ion densit-y 

(3)  '.R&f-ew...spevi-o~s .&tml . e f f o r t e  

(4) E s t a b l i s h  communications 

Lssesement of t h e  needs 6-7 

(1)  T o l i t i c a l  .-support . -- - . --. - 
(2)  Leadership 

, 
(3)  Back-up research  

(4 )  Funds and eauioment 7 

St ra t egy  and Plans of Control Programmes 8-15 

Flanning 

Bhy ra t  con t ro l  programmes f r equen t ly  f a i l  

l i s c e l l a n e o u s  p r i n c i p l e s  of control.  

l n n u a l  rodent  con t ro l  c a n p a i g s  12-13 

Out l ine  f o r .  rodent  con t ro l  programes  13-15 
(1) d r i t e  ou t  detai l .ed ~ l a n s  1 3  
(2 )  W e  a survex 13 
( 3 )  Lawe and r e m l a t i o n s  -... 1 3  
(4)  Government s t r u c t u r i n g  and ava i l ab tq  'qo.~op.e$?ption 13 
(5) Budget, equipment and supp l i e s  1 4  

(6)  Communication and educat ion 1 4  
(7) S a n i t a t i o n ,  sewers and dra;hnage 1 4  



WHO Em0 

(8) Buildinas  and s t r e e t  r e p a i r  

(9)  Exclusion ( r a t  proofing) 

( 1 ~ )  Control methodology 

111.. Biologica l  and Eoologi.ca1 Aspects 

k .  I r i n c i p a l  c a t e g c r i e s  

(1)  Habi ta t  repuirement 

Reproductive c a p a b i l i t i e s  
Food h a b i t e  
L i f e  kiistaru 
Soc ia l  behadour 

( 6 )  General behaviour 1 6  

(7) Senses (v is ion .  smell .  t a s t e .  hearing. touch) 1 6  

(8) IvIovenents 1 6  

(9) f hys i ca l  a b i l i t i e s  (c l imbing,  jumping. d i m i n q ,  

gnawing, and swimming) 1 6  

(10) Dynamics of s t r u c t u r e  of populat ions 16  

B. Eopulat ion dynamics 

C. Balance of na ture  

I Bodenticides ( c h a r a c t e r i s t i c s )  19-25 

i. I d e a l  roden t i c ide  19 

B.. kcu t e  rodent ic idea  20-23 

(1) General comments 20-21: 

(2) Zinc uhosuhide (ZN P 1 
3-2 

2 1 

(3) Sodium f l u o r o a c e t a t e  (1080) and fluoroacetamide 22 

( l o e l l  

(4) Bed s a u i l l  o r  s c i l l i r o s i d e  2  2  

(5) krvTn o r  alpha-naphthylthiourea 22 

(6)  Norbornide 2  2  

(7)  Strychnine 2  2  

(8) Thallium s u l f a t e  2  2 

(9) Other acu te  roden t i c idas -  2  2  

(10) Experimental compcunds 23 



C. Chronic roden t i c ides  

D * Reasons f o r  f a i l u r e s  with an t icoagulants  

(1)  dhen b a i t s  a r e  wel l  accepted 

( 2 )  Ahen b a i t s  z r e  poorly accepted 

E. S a f e t y  precaut ions wi th  roden t i c ides  

V. iiat l ies is tance t o  i m t i c o a p l a n t  Xodenticides 

TI .  E r i n c i p a l  Methods of fiodent Control 

k .  Bodenticides 

B. B a i t s  and b a i t i n g  

(1) Formulatinn b a i t s  

( 2 )  Bai t  preference t e s t s  

(3)  r r e b a i t i n q  

(4) B a i t    la cement 

(5) Ba i t  s t a t i o n s  ( b a i t  boxes) 

(6) Vater  b a i t s  

(7)  E a r a f f i n  b a i t  blocks 

V I I ,  Trapping, Tracking Fonder and Fumigants 

A. Traps 

B. Tracking kowder 

C. Fumigants 

VIII. Community S a n i t a t i o n  and Eat  Proofing F ren i ses  

I X .  Various Cither Control Techniques 

A. Chemosterilants 

B. Repel len ts  

C. Diseases  

D. Eredators  

E. Bounties 



WHO EMRO 

I ,  kreliminary Survey. Collection of Basic Data. Assessment 

of  the  meeds 

A. Preliminary survey -- - A  rodent problem has been reported. 

You a r e  requested t o  inves t iga te .  What should your 

preliminary survey include ? 

(1) B i o ~ o l i t i c s ,  Become f ami l i a r  with what branches of various 

government l eve l s  a r e  involved with the rodent probleme. 

Rodent contro l  i s  very much a people problem. ha must  

be s a id  over and over again, k i l l i n g  rodents is not  d i f f i -  

c u l t ;  the problem i s  t o  develop a sa fe  &d economical 

programme tha t  w i l l  work .ef fec t ive ly  with-t l ie .  b i o p o l i t i c a l  

s i t u a t i o n  which ex i s t s .  

(2) Define the problem. Make sure t h a t  you have c i ea r l y  defined 

what the  rodent prbblem consis ts  o f ,  and tha t  ybu have been 

able  t o  express i t  i n  wri t ing.  unless the problem .has been 

described i n  wr i t t en  words, i t  probably ha sZno t  been ade- 

quateljr thought through. 'Is the problemimportant because 

of i t s  s igni f icance  t o  public heal th ,  ag r icu l tu re ,  s tored  foods 

o r '  f i e l d  crops ? '  Is ' i t  a general nuisance o r  anunusua l  prob- 

lem s i t ua t i on ,  a  perennial o r  temporary problem ? 

( 3 )  Examules. dhat spec i f i c  examples pan be found t o  deBne the 

problem ? What spec i f i c  damage has occurred ? How.extensive 

a r e  the losses  thought to be ? 

Ro'dent control, espec ia l ly .o f  r a t s  and mice, i s  compl*men- 

t a r y  to -o the r  proceduarjs f o r  maintaining a c leaner-and 

more san i t a ry  community, s ince  e f fec t ive  r a t  contro l  i s  bene- 

f i t e d  by frequent garbage col lec t ion ,  a  good sewage dieposal  
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and storm drainage system, and general  c l e a n l i n e s s  i n  t h e  

munic ipa l i ty .  Rats  do not  recognize municipal,  county, 

o r - o t h e r  g o r e m e n t a l  boundaries a w  more than they  recog? 

n i z e  ind iv idua l  property l i n e s .  

I t  i s  worth no t ing  t h a t  t h e  presence of a  high r a t  popula- 

t i o n  i s  o f t e n  a symptom of some o the r  g r e a t e r  s o c i a l  and 

community problem. Rats  e x i s t  i n  a cormnun$ty today only 

because8 1) ,of man's i nd i f f e rence ;  2 )  h i s  l ack  of 

r ecogn i t ion  of both the  dangerous h e a l t h  hazards and t h e  

magnitude of t he  economic l o s s e s  caused by r8.t~; o r  

3 )  he e i t h e r  does not  have the  necessary ma te r i a l s  o r  

knowledge a s  t o  how t o  con t ro l  t h e  r a t s .  

(4) Ecoloa ica l  f ac to r s .  Are t h e r e  s i g n i f i c a n t  envi rosnenta l  

f a c t o r s  t h a t  have c rea ted  t h e  rodent  problem ? Higher y i e ld -  

i n g  v a r i e t i e s  of r i c e  and o the r  c e r e a l s  a r e  o f t e n  t h e  ones 

most s e r i o u s l y  a t t acked  by rodents .  I f  t h e  h a b i t a t  has been 

a l t e r e d ,  i s  t h e r e  an ecologica l  s o l u t i o n  t o  the  problem ? 

Note t h e  populat ion of non-terget spec ie s  such as domestic 

animals t h a t  w i l l  have t o  be considered p r i o r  t o  t h e  use  of 

t o x i c  rodent ic ides .  Are crop s torage  f a c i l i t i e s  adequate 

and rodent  proof ? Lnimal con t ro l  i s  n o t  t h e  k i l l i n g  of 

a few objec t ionable  animals, but  i s  app l i ed  ecology. 

Usually i t  i s  the r e g u l a t i o n  of population d e n s i t i e s  of 

spec ie s  t h a t  have hecome troublesone because of -the%? 

increased  dens i ty ,  o f t en  a s  a r e s u l t  of man's a g r i c u l t u r e  

o r  o the r  modif icat ion of t h e  environment. 611 c o n t r o l  

measures should be based on a  proper t r a n s l a t i o n - o f  ecolo- 

g i c a l  f a c t o r s  into e f f e c t i v e  nmmgement pol icy.  
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B. The Collect ioh 'of  %sic Data 

Species iden t i f i ca t ion .  The number of kinds (species o r  

subspecies) of rodents present  va r ies  g rea t ly  i n  d i f f e r en t  

p a r t s  of the world, and t h e i r  proper i den t i f i c a t i on  i s  o f ten  

d i f f i c u l t ,  even t o  the species level .  This is t r u e  with both 

the f i e l d  rodents and the commensal rodents. Even fhe d i f f e r en t  

kinds of r a t s  of the genus Rattus present i n  some l o c a l i t i e s  a r e  

d i f f i c u l t  to  iden t i fy .  But i t  i s  usually qu i t e  important 

t h a t  rodent p s s t s  be properly i den t i f i ed  a t  l e a s t - t T m e  

species l eve l ,  because the kinds of rodenticides used and 

t he  methods of contro l  can vary depending upon the  species.  

For exampl'e, sometimes placing a l l  of the  anticoagulant b a i t  

s t a t i o n s  a t  ground l eve l  does not  contro l  a l l  of the roof 

r a t s  (R.rattus). 

(2)  Deter e x d e n a i t u .  ' .. It i s  extremely. d i f f i c u l t  

t o  census a  rodent population, and i$ i s  ueually neceBgary 

t o  use r e l a t  i ve  dens i t i e s ,  t h a t  i s  the .  slip .gr - t h e  number 

of animals trapped is  more o r  l e s s  than a t  some other  loca- 

t3on o r  over a' period of time. Vs*ng.th~;-lbot~% prtiTEibal 

c r i t e r i a ,  the success of a Control op&a%ion may be based 

on ' t he ' - r e l a t i ve  d i f ference  between the' p r e - a d  post-census. 

Oh- what .%ases a r e  c r i t e r i a  t o  be se lec ted  ? '  

a. w. These include sounds of r a t s  i n  builgings (gnawing, 

clawing, running and climbing, various squeaks, and f i @ t i n g  

noises)  ; the s i z e ,  number, and f r e ~ h n e s s  of droppings; ur ine  

s t a i n s  on s tored  foods i den t i f i ed  with u l t r a v i o l e t  l i g h t ;  

smudge marks on pipes and beams made fxom the  o i l  and dirt 

on the f u r  of r a t s ;  runways on the  ground or  well-pollshed 

t r a i l s  next t o  w a l l s  or  between stored goods; f oo tp r i n t s  o r  

t a i l  marks i n  dust ,  sand, o r  muddy places; presence of 



gnawed wood c h i p s  o r  o t h e r  m a t e r i a l ,  which sometimes 

r e v e a l  s i g n  of t o o t h  marks t o  h e l p  d i s t i n g u i s h  between 

rats  2nd mice; v i s u a l  s i g h t i n g  of rats  i n  dcytime gene- 

r a l l y  i n d i c a t e s  a h igh  p o p u l e t i o n ;  n i g h t  o b s e r v a t i o n s  

w i t h  a powerful  f l a s h l i g h t  c.re o f t e n  h e l p f u l ;  n e s t s  and. 

food  caches ;  behaviour  of c e t s ,  dogs o r  o t h e r  p e t s  may 

i n d i c a t e  p resence  of r o d e n t s ;  and sometimes ra t  o r  mouse 

odours  w i l l  i n d i c a t e  t x e i r '  p resence .  

b. Trapping.  Some r o d e n t s  a r e  e a s i l y  t r apped  by l i v e  t r a p s  o r  

k i l l  t r a p s ,  but,  i n  g e n e r a l ,  rats  a r e  q u i t e  d i f f i c u l t  t o  t r a p .  

T h i s  method i s  g e n e r a l l y  t o o  d i f f i c u l t . a n d  time-consuming t o  

be p r a c t i c a l  i n  t h e  c o l l e c t i o n  of b a s i c  d a t a .  With many 

f i e l d  r o d e n t s ,  f a i r l y  u s e f u l  e s t i m a t e s  of t h e  r e l a t i v e  number 

of i n d i v i d u a l s  p r e s e n t  can be determined . by . s e t t i n g  a f i x e d  

number of snap t r a p s  f o r  one t o  t h r e e  n i g h t s  b e f o r e  a c o n t r o l  

o p e r a t i o n  end t h e n  f o l l o w  w i t h  t h e  same number of t r a p - n i g h t s  

(number of t r a p s  t i n e s  t h e  number of  n i g h t s  t r a p s  were s e t )  

a f t e r  t h e  a o n t r o l .  

c. Amount of food  e a t e n .  Some e s t i m a t e  of t h e  minimum number of 

r o d e n t s  p r e s e n t  can be o b t a i n e d  by p l a c i n g  measured amounts 

of non- toxic  b a i t  i n  v a r i o u s  l o c a t i o n s  f 0 r . a  s e e k  o r  s o  and 

r o c o r d i n g  t h e  maximum amount consumed d u r i n g  any one n i g h t .  

With  r a t s ,  t h i s  amount czn be  d i v i d e d  by 1 0  grams t o  o b t a i n  

a rough e s t i m a t e  of  t h e  minimum number of animels  t h a t  were 

f e e d i n g  on t h e  b a i t .  T h i s  method i s  seldom p r a c t i c a l  w i t h  

ra ts ,  however, because  i t  may t a k e  them too  l o n g  t o  s t a r t  

f e e d i n g  on t h e  b a i t ,  i t  i s  t o o  d i f f i c u l t  t o  keep o t h e r  

a n i m a l s  from e a t i n g  i t ,  t h e  ra t s  nay have t o o  much o t h e r  

food  'availat%? t o  spend much t ime  f e e d i n g  on t h e  b a i t ,  o r ,  

even i f  i t  i s  a  ground food ,  a n  o c c a s i o n a l  r a t  may cache 

f a r  more t h a n  i t  e a t s .  
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d. ,Trackinp patches. Talc o r  f l ~ u r  can be spread along wal ls  

or,wherever rodents would be expected to t r ave l ,  and then 

exanined f o r  severa l  days t o  deternine whether rodent 

t racks  appear on them. Even though some animals may a t  

f i r s t  shy from these t racking dusts ,  i t  is  s t i l l  one of the 

most p r ac t i c a l  ways of determining whether or  not rodents 

a r e  i n  a building. It i s  so sens i t ive  -that is-.i.s.har'd t 6  use 

f o r  determining r e l a t i v e  dens i t ies .  . I n  Korea i t  was found 

t h a t  wheat f l o u r  worked b e t t e r  than t a l c  and t ha t  patches 

put out only one n igh t .  gave r e l i a b l e  r e s u l t s .  ~ l s o ,  i t  i s  

possible to  d is t inguish  between mouse and r a t  t racks.  

e. Bai t  spots .  Ir fbod item, such as  a s ingle  kernel  of ear  corn, 

a slinflower'seed, or  some other  food item can be a t  a 

s t r a t e g i c  locat ion  where r a t s  or other  rodents a r e  l i k e l y  to  

v i s i t .  The number of these individual  b a i t s  t h a t  are taken 

overnight a r e  an indice t ion  of the  relat ive.nunber of commensal 

o r  f i e l d  rodents present.  They can be dyed with a food dye o r  

some other  non-repellent dye to  make them eas ie r  t o  loca te  

and iden t i fy .  

(3 )  Review . ~ r d v i o u s  contro l  ef f  o r t s .  It i s  very worthwhile o f t en  

t o  analyze ca re fu l ly  why previous attempts t o  cor rec t  a rodent 

problem may have- fa i l ed  before s t a r t i n g  another programme. 

Too o f ten  the same mistakes a r e r e p e a t e d  because programmes 

which have f a i l e d  .a re  seldom well  documelited. . ..Good 'points 

of previous programmes -should a l so  be. cons ide~ed  i n  new control  

e f fo r t s .  

(4) EstnblSsh communications. It  i s  generally worthwhile t o  make 

ma& inqu i r i e s  befdre launching a c o i t r o l  progrflmme. V i s i t  

a s  many o f f i c i a l s  and il idividuals r e l a t ed  t o  the probiem as i s  

possible,  and i t  w i l l  be su rp r i s i ng  how much you w i l l  l e a rn  

about the h i s to ry  of the rodent problem you axe concerned 



about and previous mistakes t h a t  were made i n  a t tempt ing  t o  

cope wi th  the  same problem. l!lost people f i n d  i t  d i f f i c u l t  

t o  ask quest ions.  They f a i l  t o  r e a l i z e  t h a t  t o  a sk  someone 

a  ques t ion  i s , a  form of f l a t t e r y  t o  t h a t  person, and your 

ges tu re  of humi l i ty  w i l l  u s u a l l y  be appreciated.  

C. Assessment of t he  Needs 

(1)  f o l i t i c a l  support .  There i s  l i t t l e  chance of ob ta in ing  support  

f o r  a  rodent cbn t ro l  programme from ind iv idua l  property owners 

i f  l o c a l  And na t iona l  governments f a i l  t o  support  t he  programme. 

T f t h  r a t  c o n t r o l  how can ind iv idua l s  be expected t o  do t h e i r  

p a r t  i f  gvernment f a i l s  t o  c o n t r o l  t h e  r a t s  , in  greas apder 

t h e i r  j u r i s d i c t i o n  l i k e  publ ic  waste dumps, . sewerg, parks ,  e t c  ? 

How can homeowners be expected t o  r a t  p r o o f . t h e i r  houses and 

p r a c t i c e  good s a n i t a t i o n  i f  government does no t  s e t -  an example ? 

(2 )  'L~ade r sh ip .  TO k i l l  some r a t s  i s  q u i t e  simple,  b u t  t o  e f fec-  

t i v e l y  oont ro l  a  rat populat idn r equ i r e s  t r a i n e d  personnel,  

This  w i l l  be discussed f u r t h e r  i n  another  s e c t i o n  of t h e  

Seminar. 

Before rodent con t ro l  campaigns..-can -bs-ef f ecti-ve-, the '-admini- 

s t r a t i v e  organiza t ion  mus t  be properly s t ruc tu red .  B f i r s t  

premise t o  any area-wide o r  community-wide rodent  con t ro l  

programme is  t o  e s t a b l i s h  t h e  c o r r e c t  admin i s t r a t ive  respon- 
..- 

s i b i l i t y .  Without p r e c i s e  des igna t ion  of t h e  var ious  channels 

of a u t h o r i t y ,  i t  i s  impossible t o  co-ordinate the  o the r  a spec t s  

of a  successfu l  con t ro l  programme such a s  hea l th ,  

s a n i t a t i o n ,  garbage c o 1 l . e ~  t ion,  ,.se.wage disposal, . .stxket 

r e p a i r ,  buklding - cons t ruc t ion  codes, and o t h e r  a c t i v i t i e s  

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



WHO EMRO 

( 3 )  Back-up research. No permanent rodent con t ro l  progpmme 

w i l l  be any b e t t e r  than t h e  back-up bas ic  and appl ied  

research  u n i t  s tudying t h e  problem. Rodent contro3, 

unfor tunate ly ,  i s  highly unsophist icated and much more 

research  i s  needed throughcut t h e  world. 

- (4 )  Funds and equipment. The bas ic  reason near ly  every oerea l  

crop i n ,  some p a r t s  of t h e  world i s  damaged by rodents . .a t  

one s tage  or  another ,  e $ t h e r . i n  the  f i e l d  o r  s t o r a g e , ~ i s  

because .so l i t t l e  resources have been ava i l ab le  f o r .  coping 

with these..problens. This  f i e l d  of science i s  s t i l l .  q u i t e  

unsophist icated,  even i n  the  developed countr ies .  No rodent 

con t ro l  programme w i l l  be successful  i f  i t  i s  inadequately 

funded and the  necessary equipment i s  not avai lable .  

Fon a cont ro l  opera t ion . - to  be successful ,  t he  b a i t  ma te r i a l s  

must be of -good qual i ty .  - Many a pro6ramme has . f a i l ed  because 

the re  was an .attempt t o  save money by us ing  i n f e r i o r  b a i t  

rnqter-fals o r t o x i c a n t s .  Blenders and mixers a r e  essential 

.f -OF f.'.o.mulating goad b a i t s  . Proper saf  e'ty devices and 

.equ,ipnrent .must be .avai lable  f o r  the  s a f e t y  of ' the  l o m u l a t o r  

o r  the. 2 appl ica tor .  

There i s  a good dea l  of t echn ica l  information ava i l ab le  i n  

, the  wor&d about. the more common rodentr ,  although t h i s  

knowledge,ie. scanty and .based on l imi ted  research  compared 

t o  whah .is Qown about t h e  economically s i g n i f i c a n t -  k inds  

of i n sec t s ,  p l an t  and m i n a l  d iseases ,  weeds, crops'  arid 

livestock,. The methodology of rodent cont ro l  i n  the  Dnited 

S t a t e s  of Amerioa, and throughout t h e  world, .ik hbt, very 

s o p h i s t i c a t e d ,  and t h e  so lu t ions  t o  many rodeat  and o the r  

vertebra3e pea t  problems o f t e n  cannot be found i n  o ther  

oount r ies  but w i l l  have t o  be r w e a ~ c h e d ,  i n  p a r t ,  in- .each  

country. 
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11.. , S t r a t e m  and i lans of C o n t r o l  l romammes 

A. F l a n n i n a  -- It h a r d l y  .needs ment ioning,  s i n c e  i t  is' s o  

obvious ,  t h a t  no roden t  c o n t r o l  programme shou ld  be i n i t i a t e d  

u n t i l  i t  h a s  been v e r y  c z r e f u l l y  p lanned and o u t l i n e d  i n  

w r i t i n g  t o  the, minu tes t  d e t a i l .  

B, 7 h s  r a t  c o n t r o l  promammes f r e q u e n t l u .  -- Bow..o c o n t r o l  

rats  i s  n o t  compl ica ted .  There  a r e  a v a r i e t y  o f  e f f e c t i v e  

r o d e n t  c o n t r o l  t o o l s  a v a i l e b l e .  Wethodology f o r  ra t  c o n t r o l  - 
i n c l u d i n g  dry end l i q u i d  p o i s o n  b a i t s ,  t r a c k i n g  powders, t r a p s ,  

r a t  p r o o f i n g ,  end environmenta l  s a n i t a t i o n  - i s  w e l l  known. 

Then why a r e  many r o d e n t  c o n t r o l  progremmes- f a i l u r e s  ? 

E f f e c t i v e  r a t  c o n t r o l  i s  n o t  j u s t  a mattcr of u s i n g  t h e  b e s t  

b i o l o g i c a l  c o n t r o l  p rocedures ,  b u t  more i m p o r t a n t l y  i t  r e q u i r e s  

a thorough knowledge of t h e  v a r i o y s  human r e l e i t i o n s h i p s  t h a t  

a r e  invo lved .  The most compl ica ted  p a r t  of a s u c c e s s f u l  

r a t  c o n t r o l  programme i s  t o  a n a l y z e  p r o p e r l y  and complete ly  

a l l  of t h e  economic, s o c i a l ,  and p o l i t i c a l  a s p e c t s  of t h e  

programme. No c o n t r o l  programme w i l l  be successful .  u n l e s s  a l l  

of t h e  scheduled s t e p s  i n v o l v e d  a r e  comple te ly  a c c e p t a b l e  t o  

government and a l s o  t h e  peop le  who w i l l  b e ' a f f e c t e d  by t h e  

c o n t r o l  o p e r a t i o n .  

Ho r a t  c o n t r o l  grogramme w i l l  succeed u n l e s s  i t  i s  des igned  

s o  t h a t  t h e  peop le  c o n c e r n e d r i l l  g i v e  i t  t h e i r  e n t h u s i a s t i c  

s u p p o r t .  i d e a l  r a t  c o n t r o l  programme, as far as mothodology 

i s  concerned,  may u l t i m a t e l y l l a i l  because fa r  some, o f t e n  obscure ,  

r e a s o n  i t  proved unworkable w i t h  t h e  cu l tu ra l . ,  p h i l o s o p h i c a l ,  

o r  p o l i t i c a l  a s p e c t s  of  t h e  peop le  t h e  programme w a s  des igned  

t o  s e r v e .  U s u a l l y  i t  e i t h e r  c o s t s  t o o  much o r  e x p e c t s  t o o  

much v o l u n t a r y  s u p p c r t  from t h e  peop le  b e f o r e  t h e  programme 

cou ld  p o s s i b l y  succeed.  



Even the bes t  researched rodent cont ro l  programme may f a i l  

i f  t he re  i s  inadequate pub l i c i ty .  The most d i f f i c u l t  p a r t  

o f . a n y  con t ro l  operet ion i s  t o  c rea te  t r u l y  enthusias-kic 

duppoit .from those who a r e  t o  benef i t  by , t h e  reduct ion i n  

rodents.  One cammon reason f o r  lack of support i s  t h a t  

the  people may l ack  confidence i n  the programme.because 

previous attempts have f a i l e d ,  o r ,  nore l i k e l y ,  they do no t  

understand the  mer i t s  of the  programme s u f f i c i e n t l y  t.o share  

t h e  pes t  cont ro l  opera tor ' s  optimism. 

The most importa.ot hurdle : to  surmount. i s  adequate cqsmunica- 

t i o n  between the cont ro l  opera tors  and t h e  people. 'Qhis  

does. not mean merely explaining what i s  .to be- done, but r a t h e r  the  

much more s u b t l e  aspects  of a c lose  communication which pro- 

duces deep appreciat ion and understanding of each o t h e r ' s  

thoughts and opinions. This is the  type of commllnication 

t h a t  is extr.emely d i f f i c u l t  t o  ob ta in  between people bf d i f f e -  

r e n t  c u l t u r a l ,  economic, s o c i a l ,  o r  p o l 5 t i c a l  backgkounds, y e t  

i t  i s  e s s e n t i a l .  It i s  f a r  more complicated than designing 

t h e  conkrol procedures t o  be followed. Lnd t h i s  mutual under- 

s tanding  should rece ive  t h e  h ighes t  p r i o r i t y ,  f o r  only a f t e r  

i t  has been achieved can good decis ions be made regarding how 

r a t s  should be cont ro l led  and kept  under control .  

C. Miscellaneous p r inc ip les  of cont ro l  -- Improperly conducted 

ra t  con t ro l  programmes are inexcusable and they may c r e a t e  

muoh c r i t i c i s m ,  producing widespread emotional b i a s  agains t  

t h e  cont ro l  operat ion t h e t  w i l l  be d i f f i c u l t  t o  r e c t i f y  i n  

the fu tu re .  However, con t ro l  operations must  be both r e a l i s t i c  

and p r a c t i c a l .  They need t o  be simple, inexpensive, e f f e c t i v e  

under adverse weather conai t ions ,  adaptable t o  various types of 

h a b i t a t s ,  and the methodology must not r eqQi re  too frequent  

a t t en t ion .  Immediate a c t i o n  i s  of ten  needed due t o  p o l i t i c a l  

pressures .  Even so, t h e  operat ion must be based .on p r a c t i c a l  



EM/SEM.EH.EC .BSF .ROD. C T L / ~ E  
page 10  

needs, i n t e l l i g e n t  a p p r a i s a l ,  and thorough planning. 

Orieimportant]aspect  t o  cons ider  i s  t h a t  i f  add i t iona l  

res-earch and improved communications a r e  . a l s o  undertaken a t  

t h e  same time, i t  w i l l  mean t h a t  the  same opera t ion  w i l l  be 

conducted more e f f e c t i v e l y  t h e  next  time. 

',Then. f i e l d  . roden t s  a r e  ,damaging an a g r i ~ u l t q q a l  .cpop; :it 

u s u a l l y  i.s net-egsa~y t o  c o n t r o l  them w i t &  poison baiOI 

Some b i o l o g i s t s  suggest t h a t  i n s t e a d  of u s i n g  poisons i t  

r q u l d  he b e t t e r  to f i n d  a mews. of a1te;ring t h e  habitat 

o r  t o  d e v e l o ~  a  procedure fox  h a r v e s t i n g  or maneRin~t %he 

crop s o  a s  n o t  t o  provide a  s u i t a b l e  habitat?. This is a 

good p r i n c i p l e ,  but u s u a l l y  highly imprac t i ca l  s ince  i t  

i s  t h e  a f l i c u l t u r a l  crop t h a t  makes t h e  hab'tat s u i t a b l e  

f o r  these  species '  of rodents ,  and t o  s t o p  p l a n t i n g  t h e  crop 

i s  no t  a  s a t i s f a c t o r y  ,solut ion.  However, most rozent  p e s t s  

f i r s t  invade a crop by immigrating from some o the r  h a b i t a t .  

Q u i t e  o f t en  h a b i t a t  modif icat ion,  such a s  weed o r  vege ta t ion  

c o n t r o l  around the  per iphery of t h e  p lan ted  crop, w i l l  e f fec-  

t i v e l y  prevent ad jacent  populat ions of p o t e n t i a l  rodent  p e s t s  

from aeveloging which l a t e r  can d isperse  i n t o  the f i e l d  con- 

t a i n i n g  the a q ~ i c u l t u r a l  crop. B u t  i t  may des t roy  des i r ab le  

n e s t i n g  cover f o r  b i rds  t h s t  r e q u i r e  t h i s  vege ta t ion .  

I f  a  dense i n f e s t a t i o n  of r a t s  e x i e t s ,  i t  i s  highly aavantage- 

ous botheconomica l ly  an& from the  po in t  of view of. con t ro l  

e f f ec t iveness  t o  f i rs t  use one app l i ca t ion  of an acu te  roden- 

t i c i d e .  If poss ib l e ,  of course,  precede t h i s  poisoning 

opera t ion  wi th  seve ra l  clays of pre-bai t ing,  u s i n g  the  same 

b a i t  ma te r i a l  but without t he  tox ic  rodent ic ide .  Following 

t h e  app l i ca t ion  of t h e  acute  rodent ic ide ,  a  permanent o r  

maintenance con t ro l  programme w i t h  an ant icoagulant  (a chronic 

roden t i c ide )  should commence. I t  i s  d e s i r a b l e  t o  use  d i f f e -  

r e n t  kinds of b a i t  ma te r i a l  wi th  the  two poisons. The 

an t icoagulant  b a i t s  w i l l  remove any surv ivors  of t h e  acu te  
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poison and prevent a q  immigrating r a t s  from becoming 

establ ished i n  the t r ee ted  area.  

One, of the main reasons r a t  in fes ta t ions  a r e  not eliminated, 

i s  because e f f ec t i ve  area-wide control  e f f o r t s  a r e  no t  

accomplished. L l l  r a t  populztions should be contro l led  

simultaneously. Usually i t  i s  not possible t o  eradica te  

r a t s  completely from la rge  a reas  because they quickly immigrate 

i n t o  control led areas from sewers, dra ins  o r  other  locat ions  

where some wera able.  to .survive -- the;-ebntre~ .-ef fo.r.ts. Ra't- 

f r e e  conditions can be achieved only i f  .the r a t s a r e  con t ro l l ed  

i n  a l l  p a r t s  of a region o r  c i t y  a t  the  same time, and i f  

the re  f s  a l so  an inspect ion team o r  repor t ing  mechanism avail-  

ab le  t o  detec t  promptly the  establishment of any new colonies. 

Another f a c to r  responsible f o r  the general laok of r a t - f ree  

condit ions,  even though control  has been ca r r i ed  out,  i s  the  

cmmon be l i e f  t h a t  i t  is  impossible t o  eradicate r a t s  from 

any s izeable  area,  so no'genuine attempt t o  do so  is  t*d. 

Furthermore, too of ten  the  people doing t h e  contro l  do no t  

have s u f f i c i e n t  knowledge about the behaviour, ecology and 

control  of r a t s . .  For example,. a f t e r  r a t s  he.ve been control led 

i n  a s izeable  area ,  most new immigrants t h a t  move ineo the  area  

usual ly  do so by following r i v e r s ,  streams, d i t ches , .o r  other  

embankments as  along roads o r  railways. 

h o t h e r  important reason why many control  operations 

f a i l  is .because b s i t  acceptance t e s t s  were not done p r i o r  

t o  the poisoning programme. There i s  always a : s t rong incen- 

t i v e  to  economize with the b a i t  material  used, s ince  t h i s  i s  

often the major,expense t o  a contro l  -opesation. -lien one 

txpe of b a i t  material  only cos t s  half  as much as- another one, 

there  w i l l  be s t rong pressures to use t he  cheaper material.  

The person i n  charge i s  always tem7;rt.od t o  assure  himself t h a t  

acceptance of the  cheaper b a i t  w i l l  probably: be adequate. 
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even though no c a r e f u l  f i e l d  b a i t  acceptance t e s t s  have 

been conducted t o  ensure t h a t  acceptance w i l l  be adequate. 

It t akes  but  a smalI propor t ion  of a  populat ion of r a t s  t o  

r e f u s e  a  b a i t  t o  cause the d i f f e rence  between a f a i l u r e  and 

e f f e c t i v e  con t ro l .  Most success fu l  c o n b o l  opera t ions  would 

have been a f a i l u r e  i f  very few add i t iona l  r a t s  had survived, 

because i t  takes  very few r a t s  t o  provide t h e  breeding poten- 

t i a l  necessary f o r  t h e  populat ion soon t o  b u i l d  up again.  

D. Annual Rodent Control Campaims -- The reason most annual rat  

con t ro l  campaigns have not solved t h e  pes t  problem i s  because 

t h e  necessary follow-up work i s  not done. hny animal as 

p r o l i f i c  as rats and some o t h e r  small  rodents  cannot be 

e f f e c t i v e l y  con t ro l l ed  by an annual campaign, un le s s  t h e r e  

a r e  p r a c t i c a l l y  no surv iv ing  rodents .  If very many ind iv idua l s  

surv ive ,  t h e  populat ion w i l l  soon recover  due t o  t h e i r  high 

reproduct ive  p o t e n t i a l  'and t h e  high su rv iva l  of t he  young 

fo l lowing  a  con t ro l  operat ion.  

'uVith annual campaigns i t  i s  impossible t o  ob ta in  area-wide 

coverage, and f o r  one reason o r  another  many populat ions of 

rodents  w i l l  be missed. Furthermore, i t  i s  n o t  poss ib l e  t o  

ob ta in  e f f e c t i v e  con t ro l  when so many unt ra ined  people a r e  

t r y i n g  t o  use  an acu te  rodent ic ide .  K i l l i n g  - l a rge  numbers 

of rodents  may only provide temporary r e l i e f .  The ob jec t ive  

should be permanent con t ro l  aimed a t  achieving as ne.ar a  

permanent rodent - f ree  s i t u a t i o n  a s  i s  poss ib le .  

The only va lue  of most annual rodent  con t ro l  campaigns i s  

t h a t  they keep t h e  sub jec t  before  the  people, and pub l i c  

awareness i s  one requirement of any successfu l  programme. 

Where - year-around con t ro l  i s  being p r a c t i s e d  wi th  a n t i -  

coagulants ,  an annual campaign might be used to '1 ,oca te  any 

r a t  i n f e s t a t i o n  t h a t  has been ,overlooked o r ,  due t o  - r e s i s t ance  

o r  some o the r  reason,  has survived previous con t ro l  e f f o r t s .  

B u t  onoe an urban r a t  c o n t r o l  progranme beaomes successfu l ,  
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the re  w i l l  be l i t t l e  public i n t e r e s t  i n  annual campairno, 

so they should be discontinued. 

E. Outline f o r  Rodent Control i-romamme -- It i s  fsz-more  c w p l i -  

ca ted  t o  carry out a successful  rodent contro l  programme 

i n  a c i t y  than i t  ' is  with agr icul ture ,  becaue of the many 

more socio-pol i t ica l  problems associated with an urban 

environment. The following l $ s t  covers most of the prin-  

c i p l e s  concerned w i t h  the s t ra tegy  and plans to  consider 

when developing a contro l  programme f o r  an urban o r  f i e l d  

s i tua t ion .  

(1) Write out de ta i l ed  plans 

(2) Make a survex. Determine the  extent and sever i ty  of the 

problem and cor rec t ly  i den t i f y  the spkoies involved. 

( 3 )  Laws and remla t ions .  One must, become very fami l i a r  with 

t he  various laws and regula t ions  t ha t  pe r t a i n  t o  a l l  aspeote 

of rodent control.  Often the  ins i s t ence  t h a t  c e r t a i n  exie t -  

i n g  laws be enforced w i l l  expedite a contro l  operation, 

especia l ly  those laws t h a t  r equ i re  be t t e r  s an i t a t i on  pract ices .  

Those experienced i n  rodent contro l  should be w i l l i n g  t o  

recommend any new laws o r  regulat ions t h a t  may be needed t o  

ensure an e f fec t ive  oontrol  programme. 

(4) .Government s t r u c t u r i n ~  a;nd avai lable  oo-oseration. Complete 

f a m i l i a r i t y  with the many branches of government responsible 

f o r . va r i ous  aspects of a rodent contro l  programme is eesen- 

t i a l .  . Too often those responsible f o r  a rodent control  

programme have not  establ ished go0.d commu,niaations with 

the various branches of government and t h e . o t h e r  agencies 

and organizations $hat could help with the control  operation, 



( 5 )  Budget. equipment, and suppl ies .  Make c e r t a i n  the opera- 

t i o n  w i l l  be adequately f inanced and t h a t  t h e  necessary 

equipment and suppl ies  a r e  procured wel l  i n  advance of t h e i r  

need. Do no t  a t tempt  a c o n t r o l  opera t ion  t h a t  exceeds t h e  

a v a i l a b l e  f i n a n ~ e  and equipment. .The plan of opera t ion  w i l l  

vary  considerably depending upon resources  ava i l ab le .  

(6)  Communication and education. Good communications. m u s t  be 

e s t ab l i shed  between a l l  who a r e  r e l a t e d  t o  t h e  problem. 

The publ ic  m u s t  b e a l l y  informed of urban rat  con t ro l  pro- 

grammes, f o r  everyone's co-operation o r  a s s i s t a n c e  w i l l  be 

needed. The nass  media (newspapers, e t c . )  should be used. 

Education about t he  need f o r  rodent con t ro l  a t  a l l  l e v e l s  i n  

schools  i s  wise,  f o r  ch i ld ren  w i l l  then' t ake  t h e  .i.nformation 

home t o  t h e i r  paren ts .  Films and s l ide - t ape  programmes make 

exce l l en t  v i s u a l  a ids .  The f i l m s  should i n d i c a t e  t h e  var ious 

th ings  homeowners and shopkeepers can do t o  c o n t r o l  rodents .  

Examples a r e  rodent proofing,  proper s to rage  of f o o d s t u f f s ,  

how t o  deprive r a t s  of water ,  how t o  s e a l  ho les  and-c racks  i n  

foundat ions,  t h e  proper way t o  use an t icoagulant  roden t i c ides ,  

how t o  s e t  snap t r a p s ,  and a l l  a spec t s  of a a n i t a t i o n  and general  

c l e a n l i n e s s  and t i d i n e s s .  

( 7 )  S a n i t a t i o n ,  sewere and drainage. Refuse s to rage  and co l lec-  

t i o n  p r a c t i c e s  g e n e r a l l p n e e d  t o  be i .Qpr4~aac PQ &...sanitation 

wi th  open sewers and &ainage systems p r o v i d i n g  rats wi th  

dr inking  water and good hsrboure.ges make urban r a t  con t ro l  

extremely d i f f i c u l t .  Open gzrbage and o t h e r  was te ' foods  

and r e f u s e  can lead  t o  rodent  i n f e s t a t i o n s  on farms and i n  

c i t i e s .  Also, improper s to rage  of foods tu f f s - and  o t h e r  

m a t e r i a l s  o f t en  provide s u i t a b l e  food and cover f o r  rodents .  
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Buildings and s t r e e t  repai r .  Many di lapidated buildings 

should be destroyed and holes i n  s t r e e t s ,  sidewalks, wal ls  

and buildings, which provide access f o r  rodente t o  'food o r  

s h e l t e r ,  should be sealed. 

Exclusion ( r a t  proofing). The most e f fec t ive  and permanent 

form of rodent control  i s  permanently t o  exclude theu by 

bui ld ing them out ,  tha t  i s  , make i t  impossible f o r  the 

rodents  t o  f i n d  any access i n t o  houses, apartments, ho te l s ,  

warehouses, sewer o r  drainage systems, s ep t i c  tanks, etc .  

A l l  places where food is s to red ,  processed, prepared, o r  

served should be rodent proof,  all.-openin@, where water p i p a ,  

e l e c t r i c  wires,  telephone wires,  sewer pipes,  d ra in ' spou t s ,  

and vents  enter  a building should be t i gh t l y  sealed to  

prevent rodent access. Doors, windows, screens, and roofs  

must be t i gh t - f i t t i ng .  Rodents even en te r  buildings through 

chimneys t ha t  a r e  nct  covered with a wire mesh screen. Do 

not use gnawable mater ia l  when rodent proofing. 

Control pethodolom. This involves the type of mater ia ls  

t h a t  w i l l  be needed and t h e  procedures to  follow. 

Biolonical and E c o l o ~ i c a l  Aspects 

P r inc ipa l  Categories -- Any attempt to contro l  rodente should 

be done i n  an eoological context.  This means t h s t  i f  one i s  

to  plan a contro l  programme properly so the operation w i l l  be 

t r u l y  e f fec t ive ,  he must bhoroughly understand the  fo l lowing  

cha rac t e r i s t i c s  of the rodent species t h a t  i s  t o  be control lea.  

It would require  too much space to  wr i t e  comments here about 

each of these categories ,  so they w i l l  only be l i s t e d  here, 

but w i l l  be discussed a t  the  Seminar. 

Habitat reauirements 

Reproductive a a ~ a b i l i  t i e s  

Food. habi te  
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L i fe  h i  s t o q  

Soc ia l  behaviour 

General behaviour 

Senses (v is ion,  smell,  t a s t e ,  hearinn. touch) 

Movements 

Ehvsical a b i l i t i e s  (climbing, ,jumpina, diggingl mawing, 

and swimming) 

Dynamics of s t r uc tu r e  of povulations 

Fopulation Dynamics -- i s  densi ty of a r a t  population 

increases,  the reproductive success,  t h a t  i s  the number of 

young t ha t  a r e  successful ly reared  to  weaning age per  adu l t  

female and by the e n t i r e  population, w i l l  eventually decl ine 

t o  more o r  l e s s  t ha t  n e ~ d e d  to  replace the adu l t s  t h a t  die.  

On the  other  hand,&ter  a r a t  population has been reduced 70 
or  80 per cent by a contro l  operation, the reproductive success 

of the  survivors w i l l  be g rea t ly  increased s ince  a l l  o f f sp r ing  

w i l l  then have a much b e t t e r  chanca'of'biiririving, For example, 

t he  'main reason the human population has increased so much 

during the pas t  century, eves thnugh the numb-er. ..o%- babies 

produced per ,family has declined, i s  because su.ch a high 

percentage of .the chi ldren t h a t  -are born now l i v e  long enough 

t o  produce children of t h e i r  oyn. For most of the  time man 

has been on t h i s  ear th ,  i n f an t  mor ta l i ty  was very high. 

One of the major concepts t h a t  must be unde'rstood, i f  a rodent 

contro l  campaign i s  t o  be e f f ec t i ve  permanently, concerns the 

population dynamics o f  the species to  be controlled. This 

i s  the  term that . . includes reproduction (number, s i z e ,  and 

frequency of l i t t e r s  produced), mor ta l i ty  r a t e s ,  and various 

movements (home range, immigration, migration and eoigrat ion) 



made by individubls .  These f ac to r s  a r e  a l l r e l a t e d  to  the 

densi%y of the population, weather conditions, the s u i t a b i l i t y  

o f .  hab i t a t  (food, wnte.r, cover, and breeding plec.es), 

presence.of other  competing species and predators. 

The morta l i ty  r a t e  i s  another important aspect of the population 

dynamics of rodents,  f o r  t h a t  i s  what prevents b i r t h  r a t e s  from 

ge t t i ng  completely out of hand. r-s the population increases 

i n  densi ty the mortnl i ty r a t e  soon increases rapidly  due to  

s e l f  -1imitatio'n (a  s e l f  - regula t ing  mechanism) of rodents. 

The rodents then become t h e i r  own worst enemyi thus prevent- 

i n g  any fu f t he r  increases,  a f t e r  a ce r t a in  maximum carrying 

capaci ty densi ty is  reached. limong the  various ways t h i s  

population se l f - l imi ta t ion  is  achieved there does seem t o  be 

a pi tui tary-adrenal  mechanism t h a t  act8 as  a negative feed- 

back, with some species,  by reducing the  b i r t h  r a t e  and 

increas ing the morta l i ty  r a t e  a f t e r  the population begins t o  

reach a high density. Unless control  operations a r e  highly 

successful  o r  permanently maintained by us ing anticoagulants ,  

everything seems to  favour a rapid  recovery i n  the  densi ty 

of any population t h ~ t  predators o r  rodent contro l  operations 

have reduced below the carry ing capacity of  the  epecies i n  

t h a t  pa r t i cu l a r  s e t  of environmental conditions. This 

homeostatic mechanism i s  what causes population dens i t i e s  

to  change up or  down toward the  carrying capaci ty a t  any 

pa r t i cu l a r  season. The s u i t a b i l i t y  of the environment, 

t ha t  i s  the hab i t a t  conditions t h a t  ex i s t ,  a r e  a l so  important 

f a c t o r s  a f f ec t i ng  the population dynamics of the species.  

Where san i t a ry  conditions a r e  poor and much food and cover 

a r e  avai lable  to  r a t s ,  f o r  example, the capttcity of the  

environment to  support a r a t  population i s  general ly much 

g rea te r  than i n  a clean and t i dy  environment. 



It  is  importrnt t o  understand the various b io log ica l  and 

ecological  f a c t o r s  which regu la te  the  product iv i ty  and 

s t a b i l i t y  of rodent communities. The nininum population 

denqity where a population of rodents  can s t i l l  maintain 

i t s e l f  ( the  threshold dens i ty)  i s  q u i t e  low with r a t s  and 

uos t  species  of s n a l l  rodents  t h a t  produce nore than one 

l i t t e r  each year.  B u t  once en e s s e n t i a l l y  r a t - f r e e  condi- 

t i o n  i s  a t t a ined ,  mcst new invaders w i l l  come one a t  a  t i n e  

and not  have a good chance cf surviving. kernanent a n t i -  

coagulant b a i t  s t a t i o n s  a r e  a  s e c u r i t y  t h a t  helps prevent 

any new a r r i v a l s  from becoming establ ished.  

C, Balance of na ture  -- It is. important t o  note  t h a t  f r ee - l iv ing  

populations of rodents  w i l l  not continue t o  increase. inde f i -  

n i t e l y  begond c e r t a i n  upper l i u i t s ,  even if more food and 

s h e l t e r  a r e  provided,, due t o  the  s e l f - l i m i t i n g  mechanisms 

which have evolved i n  a l l  species .  These maximum l e v e l s  of 

dens i ty  a r e  not  e a s i l y  def inable  f o r  any s p e c i f i c  hab i t a t .  

-. 
:ifhen man a l t e r s  the  environment and introduces exot ic  vege- 

t a t i o n  ( a g r i c u l t u r a l  crcps) o r  non-native animzls, .many of the  

na t ive  species  w i l l  then s u f f e r .  Sone na t ive  species  may f i n d  

t h e  environmental changes sc favourable t h a t  t h e i r  population 

dens i ty  increases  f a r  beyond t h a t  which was poss ib le  under 

n a t u r a l  conditions.  Zest rodents  a m  those species  which 

f i n d  these environmental changes by man des i r ab le  and a r e  

Also so wel l  adapted t h a t  they a re  d i f f i c u l t  t o  cont ro l ,  

hence, have remained a  pest .  

I n  na tu ra l  environments the balance o f  na ture  i s  not very  

sens i t ive .  That i s ,  i f  t he  population dens i ty  of one species  

was somehow d r a s t i c a l l y  a l t e r e d ,  i t  would have l i t t l e  immediate 

e f f e c t  on o ther  na t ive  species u n t i l  t h i s  l o s s  of indiv iduals  



produced a modification i n  the environment. I f  by some 

magic means a l l  deer i n  North Lnerica were suddenly remaved, 

i t  would be very d i f f i c u l t  t o  de tec t  t h i s  e f f ec t  on any 

other  species of ver tebra tes  u n t i l  vegetat ional  changes 

occurred due to  the lack cf  e a s i n g  and browsing by deer. 

The balance of nature becones upset primari ly when roan 

introduces exotic  p lants  and anircals f o r  whichm balance 

has evolved, o r  when he d r a s t i c c l l y  modifies the environment 

with f i r e ,  axe, o r  plcugh. 

IT. Bodenticides ( cha r ac t e r i s t i c s )  

h I dea l  rodenticide -- What i s  required of an i dea l  rodenticide ? 

Even though no perfec t  rodentic-ide ex i s t s ,  what a r e  the des i r -  

ab le  f a c to r s  we.would l i k e  t o  have present i n  a  rodenticide '? 

For humane reasons, i t  should prodxce a pain less-death .  I t '  

should be highly s e l w t i v e  f o r  j u s t  the t a rge t  species and 

s a f e  t o  man, pe t s ,  l ives tock,  and other  non-targe% species.  

The compound should be read i ly  degraded, so a s  not to poison 

other  animals t ha t  might e a t  the  poisoned.individuals,  o r  t o  

contaminate water, s o i l ,  o r  vegetation. If not odourless and 

t a s t e l e s s ,  i t  nus t  be wel l  accepted by a l l  ages and both sexes 

of t he  t a rge t  species and requ i re  t h a t  only a small amount of 

b a i t  be ccnsumed. It should be eas i ly  counteracted wfth an 

antidote.  It  should be slow ac t ing  so individuals  w i l l  d i e  

away from the b a i t ,  o r  a t  l e a s t  i t  should not  c r e s t  b a i t  

shyness, when sub-lethal amounts a r e  consumed. They should 

not  cause res i s t ance  or imnunity to  develop. . Re-aoceptsmce 

of the  rodent ic ide  should be good. Bai ts  made with the roden- 

t i c i d e  should have 2 long s h e l f - l i f e  so they can be s to red  u n t i l  

needed. i-lso, such an i d e a l  rodenticide should be inexpensive 

and easy t o  formul'eti i n t o  various types of dry  and l i qu id  bzi ts .  



B. Lcute  Rodenticides 

(1)  General  comments. Rodent ic ides  a r e  convenient ly  d iv ided  

i n t o  acu te  and chronic roden t i c ides .  An acu te  r o d e n t i c i d e  

i s  e f f e c t i v e  fo l lowing  one feed ing ,  hence i t  is a l s o  c a l l e d  

a s ingle-dose roden t i c ide  i n  c o n t r a s t  t o  chronic  poisons 

t h a t  r e q u i r e  mu l t ip l e  doses o r  f eedings f o r  more than one 

day. Both types of r o d e n t i c i d e  a r e  needed. 

dl of the  c u r r e n t l y  marketed acu te  roden t i c ides  t h a t  have 

proven t o  be f a i r l y  w e l l  accepted by r a t s  and a l s o  e f f e c t i v e  

a r e ,  unf c r t u n a t e l y ,  a l so  t o x i c ,  . in  vz r ious  degress,.  .to -a 

broad spectrum of nammnls, b i r d s  and o t h e r  w i l d l i f e .  This  

means t h e r e  i s  a  g r e a t  r i s k  of poisoning man, p e t s ,  l i v e s t o c k  

o r  o t h e r  non-target  spec i e s  when an acu te  roden t i c ide  i s  used 

by anyone o t h e r  than  a h igh ly  t r a i n e d  p e s t  c o n t r o l  opera tor .  

i n d  aco iden ta l  poisoning of non-target spec i e s  c r e a t e s  

unfavourable  publ ic  r e l a t i o n s  t h a t  then make i t  d i f f i c u l t  

t o  c r e a t e  o r  maintain  e n t h u s i a s t i c  pub l i c  support  f o r  a  new 

roden t  c c n t r o l  progranne. 

There a r e  s i t u a t i o n s ,  however, where i t  i s  d e s i r a b l e  t o  u s e  

a c u t e  roden t i c ides ,  i f  put  ou t  by t r a i n e d  people. With 

f i e l d  roden t s ,  i t  i s  usua l ly  necessary t o  use  an acu te  poison 

because of t h e  expense and labour  of a t tempt ing  t o  c o n t r o l  

f i e l d  rodents  with chronic poisons.  One good example of an  

except ion t o  t h i s  i s  the  c o n t r o l  0.f deer  mice '  (l~eromyscus) , 
a f o r e s t  rodent ,  w i th  but  a  s i n g l e  broadcas t ing  of e i t h e r  of 

two an t i coagu lan t s ,  diphacincne o r  chlorophacinone. 

It i s  of t e n  n e c e s s n ~ y  t o  u s e ,  quick-act ing acu te  roden t i c ides  

i n  t h e  case  of outbreaks of d i seases  l i k e  plague. Llhenever 

' t h e r e  i s  a  high populat ion of r a t s ,  i f .  t r a i n e d  p e s t  c o n t r o l  

ope ra to r s  a r e  a v a i l a b l e ,  i t  is  o f t e n  cheaper and more 

s a t i s f a c t o r y  t o  knock t h e  popula t ion  down first wi th  an  acu te  

poison, and then follow-up wi th  permanent an t icoagulan t  b a i t  

s t a t i o n s .  
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-&cute radentioidehrr w i l l .  be needed whenever. anticoagultaht 

r e s i s t a n c e  i s  suspected o r  i f  f o r  some o the r  reason t h e  

an t icoagulant  b a i t i n g  i.s no t  s a t i s f a c t o r y .  It o f t e n  i s  not 

p r a c t i c a l  t o  use anything but  acu te  roden t i c ides  a t  garbage 

dumps, i n  sewers and d r a i n s ,  arcupd s laughterhouses ,  and i n  

some warehouses where i't i s  d i f f i c u l t  t o  ge t  sthe r a t s  t o  .feed 

on an t icoagulant  b a i t  f o r  s e v e r a l  days i n  suocession. 

Because of t h e  p o t e n t i a l  of c r e s t i n g  b a i t  shyness,  t h e  sane 

k ind  of acu te  roden t i c ide  should not b&-used in.th.e..same 

l o c a l i t y  more than twice a  yea r ,  and p re fe rab ly  only once. 

I t  i s  d i f f i c u 1 t . t ~  prevent b a i t  shyness occurr ing  when acu te  

r o d e n t i t i d e s  a r e  used because some rets f a i l  t o  consume a. 

l e t h a l  amount before  they f e e l  ' t he  spp toms .  Once a rat 

becomes b a i t  shy, t h i s  shyness may p e r s i s t .  I f  a n  acu te  

pdson i s  kept  continuously before  a  rat popu la t ion , . t he  b a i t -  

shy adul t0  w i l l  condi t ion  t h e i r  o f f s p r i n g  t o  a l s o  shy from t h a t  

t o x i c  b a i t .  Therefore,  i f  an acu te  poison miist 'be iis':ed more 

than once a  yea r ,  i t  i s  b e s t  . t o  cliange both.-The k ind  of b a i t  

and t h e  poison. 

(2)  Zinc phosphide (znjg21. This  i s  the  acu te  roden t i c ide  used 

most f r equen t ly  i n  r a t  con t ro l  and f o r  many s'peci-j:l?-"of3"eld 

rodents .  F re -ba i t i ng  i s  -recoinmended when. zinophaspfr ide i s  

used i n  r a t  con t ro l .  ';{here a poor q u a l i t y  of z inc  phosphide 

i s  used, a  shyness t o  t h e  b a i t  nay o f t en  develop. Zinc phos- 

phide has  a good s a f e t y  record.  Because of i t s  black oolour ,  

s t r o n g  t a s t e ,  and g a r l i c - l i k e  ohouar inany ro-dents a r e  i n i t i a l l y  

a t t r a c t e d  t o  i t ,  whereas many o the r  mammals,but no t  b i r d s ,  

find.it-lese'attractive. It i s  e f f e c t i v e  a g a i n s t  bothHornay 

and roof mts, and a l s o  house mice, and genera l ly  used a t  

s t r e n g t h s  of 1 4 2  o r  2  per  cent.  
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( 3 )  Sodium f luoroace ta te  (1080) and f luor ,~ace t smide  (1081). 

These and r e l a t e d  compounds a r e  some of the most e f f e c t i v e  

rodent ic ides  known. Because of t h e i r  hazards t o  man and 

non-target spec ies ,  they should be used only by profess ionals  

who have the  necessary resources properly to  supervise the 

operation. I n  manymuntries r i g i d  regula t ions  a r e  placed on 

t h e i r  use. &Tore research  i s  needed on how these  ma te r i a l s  can 

be used more safe ly .  

(4) Red s q u i l l  o r  s c i l l i r o s i d e .  Gives good and s a f e  cont ro l  of 

Norway r a t s  i f  pre-ba i t ing  i s  done f i r s t  f o r  seve ra l  days* 

Red s q u i l l  i s  i n e f f e c t i v e  f o r  roof r a t s .  

( 5 )  ANTU o r  a lphr -naph th~ l th iourea r  i s  with red  sqfJill, LNTU i s  not 

e f f e c t i v e  on roof r a t s ,  but w i l l  give reasonably good cont ro l  

of Norway r a t s  i f  pre-ba i t ing  i s  conducted p r i o r  t o  a c t u a l  

ba i t ing .  

(6)  Norbormide. Sa fes t  of e l l  rodent ic ides  because i t  i s  tox ic  t o  

t h e  genus Rattus  only, icceptance  by r a t s  i s  poor and u n t i l  

t h i s  i s  overcome it i s  of value only i n  very s p e c i a l  s i tua t ione .  

i r e - b a i t i n g  i s  always a  m u s t .  

(7) Strychnine. Good f o r  some f i e l d  rodents but not e f f e c t i v e  f o r  rats. 

(8) Thallium gul fe te ,  E f fec t ive  with rats and other. rodents. . . 

Its u s e - i s  banned i n  the United S t a t e s  of America because o f  i t s  

g r e a t  hazards. 

(9) Other acute  rodent ic ides . '  l a t e r i a l s  t h a t  a r e  not very e f f e c t i v e ,  

too hazardous, o r  not r ead i ly  ava i l ab le  include arsenious tri- 

oxide, barium carbonate,  phosphorus, ~ o p h a c i d e  R ,  and c a s t r i x .  
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(10) Experimental compounds. There a r e  a  number of po ten t i a l  

acute  rodenticides under inves t iga t ion .  This wr i t e r  and 

h i s  colleagues a r e  most exci ted about a.Rohm and Haas Company 

experimental product (HE-787) which shows great  promise a s  

being a qu i t e  sa fe  and e f f ec t i ve  acute rodenticide f o r  r a t  

contro l ,  RH-787 has been %ested by the wr i t e r  and colleagues 

i n  the  U.S;A. and Korea. 

C. Chronic rodenticides -- Post  urban r a t  contro l  i n  the world 

today employs multiple-dose anticoagulant rodenticides,  which 

a r e  ,cumulative and must Be consumed da i ly  f o r  severa l  days t o  

produce death. Because normally mult iple doses 2re necessary 

t o  be l e t h a l ,  .anticoagulants a r e  reasonably sa fe  f o r  use around 

children and pe t s ,  f o r  r a r e ly  w i l l  they continue t o  feed 

repeatedly without detection. Vitamin K o r  whole blood trans-  

fus ions  a r e  e f fec t ive  ant idotes  should accidental  inges t ion  

occur. Lnticoagulants i n t e r f e r e  with the c l o t t i n g  of blood 

and the rodents blee'd to  death, usual ly from in t e rna l  haemorrhages. 

Birds a r e  r e l a t i v e l y  r e s i s t a n t  t o  these compounds. 

The f a c t  t h a t  there  a r e  no symptoms perceived by rodents the  

f i r s t  de.y they feed on anticoagulants  makes i t  d i f f i c u l t  

f o r  them to  i den t i f y  what eventually make5 .them s ick ,  so 

they do not s top  ea t ing  the  bai t .  Consequenkly, b a i t  shyness 

does no t  develop as  with chronic poisons. The roof rat and 

house mice a r e  no t  as suscept ib le  t o  anticoagulants a s  are 

Norway r a t s ,  but can be read i ly  contro l led  with anticoagulants.  

Anticoagulants can be used i n  dry ba i t s ,  and t h e i r  sodium 

s a l t s  o r  other  soluble s a l t s  can be used i n  water ba i t s .  

Where e shortax6 'b-f  7-d?aaLlable water ex i s te ,  water  can serve  

a s  an a t t r a c t i v e  ba i t .  The i n t e rva l s  between feeding6 should 

never exceed 2 days a t  most, o r  the toxic e f f e c t  of a n t i -  

coagulants mzy bbr l o s t ,  



The chemical structure of anticoagulants places them, for 

the most part, in two groups; the hydroxycoumarins and 

indandiones. L few brief remarks will be made about some 

of the common anticoagulants. 

iicoording to Bentley (1966), the kind of anticoagulants used 

in different countries is quite variable, largely due to 

currency restrictions, varying patent laws; other commer- 

cial considerations, and that Varf~rine hss become so tell 

established that in many places it is difficult for a new 

anticoagulant to compete in the existing market, He lists 

the following anticoagulants, in addition to $larfarine, as 

being favoured in the countries nmed. 

Canada 

Finland 

France 

Germany 

Israel 

Malays 

Mexico 

Ehilippines 

U.S.L. 

U.S.S.R. 

kival, Coumachlor 

Dicounarin 

Chlorophacinone, LM 83, Coumachlor 
Coumachlor, Coumatetralyl, Fumarin 

Pivalyn 

Coumachlor 

Fumarin 

E'ival 

Diphacinone, l ival , Fumarin, Valone 
Na-valone, Na-diphacinone, Chforophacinone 

No attempt will be made here to discuss the merits of these 

various compounds, bu't such a discussion will be appropriate 

during the Seminar. Two of mny references that discuss 

anticoagulants are Bentley (1966) and Brooks (1973). 

D. Reasons for failures with anticoamlants -- Howard and Narsh 
(1974)   resent the following suggestions as to why the 
aesired control may not be ackiieved with anticoagulant 

rodenticides, 
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When b a i t s  a r e  well acsenteQ 

Tine period t ha t  b a i t  i s  exposed i s  too shor t*  

In su f f i c i en t  b a i t  i s  put out ,  and none remains from one 

ba i t i ng  t o  the next. 

Too few b a i t  s t a t i ons  a r e  used, o r  some not  apaaedc lose ly  

enough together. 

The control  -programme does not  cover a l a rge  enough area ,  

permit t ihg  rodents t o  move i n  from untreated adjacent areas.  

The rodents  may .be genet ica l ly  r e s i s t a n t  t o  the anticoagulant.  

ahen b a i t s  a r e  ~ o o r l r  accepted 

Foor choice of b a i t  or formulated improperly. 

Bai t  s t a t i o n  improperly placed* 

Too many other  pa la table  foods present. 

The b a i t  has beaome mouldy, rancid,  insect-ridden o r  oontaminated. 

The anticoagulant i s  of poor ,qua l i ty  and rodents de tec t  i t  i n  
the  ba i t  . 
Safety  precautions with rodent ic ides  -- A l l  rodenticides should 

. . 
be, considered dangerous enough t o  cause de+th. The main 

hazard is  i n  b a i t  formulation, because this requires  handling 

of the pure compound, technical  gradee, o r  conc.entrates. Thoae 

,who formulate . b a i t s  should use extreme ?are, r e a r  rubber gloves, 

apron, and resp i ra to r .  When formulation permits, d i l u t e  con- 

cen t ra tes  i n t o  a solut ion  when &he container i s  first opened. 

Only responsible people, and a s  few as pogsible, should be 

allowed t o  handle technical  o r  concentrate rodenticides. See 

Howard and Marsh (1974) f o r  addi t f  onel ins&uctions.  
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V. Rat Resis tance to  k n t i c o a m l a n t  Rodenticide 

Res is tance  of rats t o  an t icoagulants  f i r s t  appeared i n  

Scot land  i n  1958, thcn i n  o t h e r  p a r t s  of t he  United Kingdom, 

i n  Europe, United S t a t e s  of America, and probably e x i s t s  

elsewhere as wel l .  Such redis tar ice  i s  no t  an acquired to l e -  

rance . b u t  t he  consequence of e few g e n e t i c a l l y  immune ind iv idua l s  

su rv iv ing  an t icoagulant  poisolup and then pass ing  t h i s  r e s i s t -  

ance from genera t ion  t o  generat ion by heredi ty .  F o r  information 

on how t o  d etermine t h e  s u s c e p t i b i l i t y ,  o r  r e s i s t a n c e  of r a t s  

o r  mice t o  an t icoagulant  roden t i c ides ,  s ee  i n s t r u c t i o n s  pro- 

vided by 'iforld ~ e ' a l t h  Organizat ion 1970 Technical Report 'NO. 

443 1 140-147 

VI. F r i n c i p a l  Methods of Rodent Control 

There i s  seldon one method of rodent  cont ro l '  t h a t  w i l l  con- 

s i s t e n t l y  con t ro l  a l l  i n d i v i d u a l s  of t h e  t a r g e t  spec ies .  

Usual ly  even the b e s t  method needs t o  be supplenented wi th  

rodent  proofing,  saii tation',  a cu te  poisons,  t r a p s ,  t r ack ing  

powders o r  some c t h e r  f o m  of con t ro l .  

It i s  important no t  t o  wai t  u n t i l  a rodent populat ion b u i l d s  

up be fo re  i n i t i a t i n g  a c.ont.r.pl operation.. ,.Lf s ~ b h . a  bui f  d-up 

can be pred ic ted ,  then i t  i s  much more economical. and e f f e c t i v e  

t o m n t r o l  t h e  popula,tion whi le  i t  i s  s t i l l  low, y e t  obviously a 

p o t e n t i a l  hazard. Very few ind iv idua l s  w i l l  have t o  b e  

destroyed t o  make the  opera t ion  successfu l  when. the breeding  

p o t e n t i a l  of t h e  populat ion i s  a l ready  low. 

The sucoess o r  f a i l u r e  of  a  con t ro l  opera t ion  i s  o f t en  j u s t  t h e  

d i f f e rence  of a  few ind iv idua l s  per  c i t y  block o r  pe r  hectare .  

For example, i f  t h e  populat ion of rats t o  b e  con t ro l l ed  i s  

about' 100 ind iv idua l s ,  t he  opera t ion  n igh t  be considered 

successfu l  i f  t he re  were only about two surv ivcrs ,  b u t  l a r g e l y  

a f a i l u r e  i f  t h e r e  were t e n  o r  SO surv ivors  t h a t  could quickly 



again r e tu rn  the population to the  environmental capacity of 

about 100 r a t s .  l ictually, i t  i s  not a good measurement to  

evaluate contro l  o ~ e r a t i o n s  by using the  g~ercentage o f  r a t s  

k i l l e d ,  although t h i s  i s  of ten  the ea s i e s t  means of expressing 

the degree of control .  Ls i n  the ab'ove-. example--of 100 Fa t s ,  to  

reduce the' denaity to only two individuals  i t  would be necessary 

to  achieve 98 per cent control.  However, i f  the  o r i g ina l  popu- 

l a t i o n  consisted of only ten individuals  ins tead of .  1CC: i t  would 

then only be necessary t o  contro l  90 per cent of the  population 

t o  reduce i t  t o  j u s t  two survivors.  The correc t  measure of the 

success o f  a  contro l  operation is  the breeding po ten t i a l  of the 

survivors.  This more than -thing e l s e  i s  what determines how 

quickly the  survivors can produce a population densi ty  t h a t  

a e i n  i s  more than can be to le ra ted  f o r  heal th  o r  economic 

reasons. The fewer the survivors,  the slower w i l l  be the r a t e  

of redovery. With a reduction of only 60 t o  70 per cent  

of the  carry ing capaci ty f o r  r a t s ,  the r a t e  of recovery of the 

population w i l l  be f a s t  indeed, i f  cont ro l  e f f o r t s  a r e  discontinued. 

A. Xodenticides -- To be discussed a t  Seminar, 

B. Bai ts  and ba i t i nq  

(1) Formulating ba i t s .  Great core must be taken t o  make the 

b e s t  b a i t s  possible. The ingredients  should be se lec ted  

only a f t e r  much evidence ind ica tes  they a r e  the bes t  

mater ia ls  to  use, based on ca re fu l  research studies.  

a. Bai t  enhancers. Zi number of ingredients ,  such as s u m r  o r  

vegetable o i l s ,  can improve the accep tab i l i ty  of rodent ba i t s .  

b. Bai t  a t t r a c t an t s .  For a long time pecple have'searched f o r  an 

" i r r e s i s t i b l e "  odour-lure t h a t  could be added t o  ba i t s .  T i t h  

more research on rodent pheromones, i t  is  possible that chemicals 

may be i so l a t ed  t h a t  produce odours a t t r a c t i v e  t o  spec i f i a  speciea 

of rodents. I n  b r i e f ,  do not add any extraneous mater ia ls  t o  
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b a i t s  u n t i l  careful  research has  proven t h a t  they a r e  not 

more of a r epe l l en t  than enhancer o r  a t t rac tant . .  . This 

includes dyes, emetics, and mould inh ib i to r s .  

c. Colou.rinn bai ts .  bdvantages t o  colouring b a i t s  when accept- 

ance i s  'not af fec ted  include: ) helps prevent accidenta l  

donsumption by people; 2) reduces the hazard of feeding b a i t  t o  

pe t s  and' l ives tock;  3) can be used' t c  ind ica te  which toxi-  

cant  has been used on a ce rea l  b e i t ;  4) dyes help b a i t  

formulators know whether b a i t  ingredients  have been thoroughly 

mixed; and 5) br ight ly  coloured ba i t s  a r e  l e s s  a t t r a c t i v e  

to  many kinds of b i rds .  

( 2 )  B a i t  preference t e s t s .  A good b a i t  mater ia l  is of ten  what 

the  species to  be control led i s  feeding on i n  t ha t  l oca l i t y .  

Bait  preference t e s t s  a r e  not the same a s  pre-baiting, but  

t e s t s  designed t o  ind ica te  which type of bait '  i s  nost  pre- 

f e r red .  To make t h i s  determination 100-.gram p i l e s  of severa l  

po ten t i a l  non-toxic b a i t s  should be exposed i n  from two t o  t en  

locat ions  depending on s i z e  and v a r i a b i l i t y  of the hab i t a t s .  

These should be put out f o r  three  days'and cheeke&each aay. 

(3 )  Ere-baiting. Yre-baiting i s  the placement-. of unpoisoneb b a i t  

f o r  one t o  f i v e  days to  c r e a t e  a high b a i t  acceptance before 

the  toxic  b a i t  i s  exposed. It ig of ten  e s sen t i a l  f o r  good 

b a i t  acc-eptance to  pre-bait  p r i o r  t o  using acute rodenticides.  

Often it is  not ,done f o r  economical reasons, but i n  the long 

run it would. have ac tua l ly  been cheapgc t o  pre-bait  s inca  then the 

success o f  the contro l  operat ion may have been so much b e t t e r  1 
t h a t  fewer re-treatmepts would be needed. 



WHO EMRO 

Bemove uneaten prebai t  before poisoning.,  Sometimes one 

day can be skipped between pre-baiting and the  contro l  

operations t o  enhance the  appe t i t e  o f . t h e  rodents. 

The amount o f  pre-bait consumed w i l l  i nd ica te  the 

maximum amount of toxic b a i t  t o  use, s i n c e . l e s s  of the 

poison b a i t  w i l l  be eaten than of the prebait .  I f  

acceptance of the pre-bait i s  poor, then do not use 

toxic  b a i t  u n t i l  the acceptance problem has been corrected. 

' (4 )  ~ a i t  placement. How t o  d i s t r i b u t e  the b a i t  and how much 

b a i t  t o  use can be more inpor tant  than the type of b a i t  used. 

Overbaiting crea tes  undesirable environmental'hazarda, and 

underbai t ing with an acute . rodenticide leads  t,o b a i t  o r  

toxicant  shyness. Baits  -should never be placed where they 

c r ea t e  hazards t o  chi ldren ,  pe t s ,  l ives tock and other  

non-target species. 

(5)  Bai t  s t a t i ons  (ba i t  boxgz). When con t ro l l ing  rodents with 

anticoagulant b a i t s ,  i t  i s  des i rab le  t o  do so i n  some type 

of; device t h a t  w i l l  provide s ecu r i t y  f o r  t he  rodent while i t  

i s  feeding on the ba i t ,  p lus  reducing the hazard t h a t  non- 

t a r g e t  species w i l l  be ab le  to  e a t  the ba i t .  

There a r e  severa l  important reasons f o r  us ing only non-toxic 

pre-bai t  when ba i t  boxes a r e  f i r s t  s e t  out, and f o r  keeping 

o n 4  non-toxic pre-bait  i n  the  b a i t  s t a t i ons  f o r  one week. 

The bes t  reason i s  f o r  safe ty .  This provides one week t o  

determine wheth'er chi ldren,  dogs,cats o r  o ther  non-target 

animals might have access t o  the b a i t  t o  deterpine *ether 

the re  a r e  o ther  unsuspected hazards of us ing toxic b a i t  a t  

t h a t  locat ion.  Secondly, the  amount of the  non-toxic bait 

eaten by r a t s  w i l l  ~ r o v i d e  a rough index of the  number of 

r a t s  present  (one f orn of ;,re-treatment population census). 

~ h i r d l ~ ,  i f  the rodents  do not feed on the  non-toxic b a i t ,  
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e i t h e r  there a r e  non present o r  a  more a t t r a c t i v e  b a i t  

must be obtained; whereas, i f  toxic  b a i t  had been used 

a t  t he  beginning, the mistaken conclusion might have been 

taken tha t  the poison was ine f fec t ive  o r  unacceptable to  

the rodents. The l a t t e r  w i l l  be t rue  only i f  the pre-bait  

i s  consumed and the toxic b a i t  exposed l a t e r  i s  not 'accepted.  

Such exam~les  of poor acceptance.-of a  toxicant  can begt be 

confirmed by a l so  using a  non-toxic f l o u r  o r  t a l c  dust  so 

t h a t  the foo tp r in t s  and t a i l  dragging marks w i l l  v e r i f y  t h a t  

a rodent has entered the b a i t  s t a t i o n  but did not  consume 

the  b a i t  . 
( 6 ) -  'Yfater ba i t s .  Nater containing a  rodenticide canbe e f f ec t i ve  

i n  c cn t ro l l i ng  r a t s  i n  locar l i t ies  where t h e i r  aocess t o  

water i s  limited. Both acute  and chronic rodenticides 

a r e  used i n  weter b a i t s ,  but  close supervision i s  needed 

i f  dangerous acute poisons a r e  used. 

(7)  I-araff in b a i t  blocks. Anticoagulant ba i t s  enbedded i n  paraf- 

f i n  t o  f o r n . s o l i d  b a i t  blocks with wire hooks or  s takes 

at tached a r e  useful  where f o r  some other  reason loose-type 

b a i t s  cannot be used e f fec t ive ly ,  f o r  example, where the re  

i s  too much moisture. They a r e  often used to  con t ro l  r a t s  

and muskrats along di tches  and f o r  r a t  control i n  sewers and 

some buildin'&. They a re  useful  i n  roof r a t  con t r , d  because 

theycan be fastened t o  fences, r a f t e r s  i n  a  building, t r e e s  

and power poles ' frequented by roof r a t s .  

VII. Trapping, Tracking Powder and Fumigants 

A. Traps -- -In general t rapping requires  more s k i l l  aria labour 

then dsing poison b a i t s ,  and i s  used mairily where for some 

reason poiaon i s  inadvisable. It i s a b  excel lent  method 

where the-  number of jn imi ls  t o  be control led ie kinall, such 
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a s  i n  a house. Ldvantages, of traps i n  r a t  control .  are: 

1 )  no toxicant  i s  used; 2) the user  can see  the evidence 

of success,  the dead animal; and. 3 )  i t  el iminates the  

problem of rats dying i n  the  walls  of a building. Leaving 

r a t  t r aps  bai ted b u t  unsat uf i t~ l - . th 'e  bait" 'has been removed 

at  l e ad t  .once by the animals to  be trapped. reduces- the hebards 

t o  chi ldren  and pets ,  and of crea t ing  trap-bhy r a t s .  Live 

traps-may catch r a t s  but r a r e ly  do t h e y c ~ n t r o l  a r a t  problen, 

The bes t  t rapsare  gu i l l o t i ne ,  spring,  or.break-back traps.  

Trap plaoement and the kind o f ' b a i t  used a r e  important 

f ac to r s .  Howard and h r s h  (1974) discuss the use of t r aps  

f o r  contro l l ing .  r a t s .  

B. Trackinn kowder -- The main advantage of t racking powders 

is  t h a t  they a r e  -ef fec t ive  even when food' i s  a%und+nt. 

When rodents  t a l k  over the toxic  powders, they pick some 

up on t h e i r  f e e t  end . fu r ,  -and they l a t e r  i;ngee% .the naterkal  

during t h e i r  nornal grooming. There ' i s  l i t t l e  l ike l ihood 

of poison-shyness developing, and by . th is  manner t h e y d l l  

inges t  compounds t h a t  they might not accept i n  bal t s .  

C. Funigan'ts -- Poisonous gases can sometimes be used t o  advant- 

age i n  poisoning ce r t a i n  I i e l d  rodents and rats. Generally, 

t h i s  method i s  used merely to supplement o ther  methods t h a t  

i n  these  s i tua t ions  become too hazardous, impractical,  o r  

i ne f f ec t i ve  because of poor b a i t  acceptance. Bodent burrows 

must  be read i ly  eocesstble.  Three common filmigante' a r e  

calcium 'cyanide, methyl br6oide and carbon bisul f  i i e .  

VIII. CommunitV Snn i t a i i an  and H a t  Proof inn  Premises 

The moet succe-ssful and permanent methods to  contro l  rodents  

a r e  t o  build them out and t o  s t e rve  them. Iiodents ,onnaat 

survive when they a r e  excluded, from food and cover; .good 



environmental cont ro l  a long d i t ches ,  roadways, r a i l r o a d s ,  and 

fences may help  reduce the number of f i e l d  rodents  t h a t  invade 

an a g r i c u l t u r a l  crop. 

I X .  Varioas Other Control Techniques 

A. C h e m ~ s t e r i l a n t ~  -- No rodent  cont ro l  chemosterilant i s  

cu r ren t ly  being marketed i n  the  United S t a t e s ,  but much 

research  i s  underway. Once e f f e c t i v e  chemoster i lants  

( a n t i f e r t i l i t y  agents) a r e  a v a i l a b l e  they may b e  usefu l  

where: 1) some ind iv idua l  rodents  can b e  t o l e r a t e d  as long 

as t h e i r  reproductive p o t e n t i a 1 . i ~  kept low; 2 )  as a follow- 

up t o  use of rodent ic ides  where some survivors  can be  expected; 

and 3) some chemoster i lants  which a re  we l l  accepted hold 

promise, i f  incorporated i n  ant icoagulants ,  f o r  preventing 

ant icoagulant  r e s i s t ance  f r o n  developing. 

B. i iepel lents  -- These include chemical substances t h a t  a r e  

s u f f i c i e n t l y  noxious t o  r e p e l l  rodents ,  y e t  a r e  otherwise 

safe  mough t o  use. Idore research  i s  needed and rodent  

r e p e l l e n t s  a r e  not widely used. Odour-producing . s u b s t a c e s  

general ly have only a short-term e f f e c t ,  i f  any. Tas te  

r e p e l l e n t s  show a l i t t l e  more promise, especial ly~€lics 'e  t h a t  

c r e a t e  some physiologicel  ill f e e l i n g  so t h a t  t h e y w i l l  be 

avoided the next time they a r e  encountered by the roden t  

(avers ive  ccndi t ioning)  . 
C. Diseases -- The only Cisease t h a t  has been r e a l l y  successfu l  i n  

c o n t r o l l i n g  a  ve r t eb ra te  p e s t  i s  myxcmatosis. The myxona v i r u s  

has been used i n  Aus t ra l i a ,  South Lmerica, and Europe t o  cont ro l  

t h e  Europertn r a b b i t  :- -. --Cer%'t;a;fb .f bbd-.poisoning b a c t e r i a  

( ~ n l a o n e l l a )  have been used t o  con t ro l  r a t s ,  but pathogenic 

bat-teria have not  equalled conventional methods and a r e  not  

recommended because they oay contaminate human foods. 



D, Eredators -- Kany kinds of 2redators feed on rodents. 

There i s  no evidnnce t h a t  na tu ra l  enemies can be encouraged 

i n  order t c  contro l  rodent pes ts .  Most of the species of 

rodents t ha t  a r e  a pes t  to  nan a r e  a pes t  beoause t h e  

hab i t a t  is so su i t ab le  t h a t  the natura l  predators cannot 

keep such a prey population a t  a low aensi ty where i t  is 

no longer an economic problem. Cats can reduce the  number 

of r a t s  around a house o r  farm, but i f  the  environment i s  

favourable to  rats, many w i l l  survive no n a t t e r  how many ca t s  

a r e  present.  If r a t s  a r e  not going to  be  poisoned, oa t s  may 

help. Bu t  r a t s  can be reduced to  a much lower dens i ty  by 

con t ro l l ing  then wi th  anticoagulant b a i t  s t a t i ons  than with 

ca ts .  

E. Bounties -- No system of paying bounties has been successful 

i n  con t ro l l ing  rodents .  Bounties a r e  l i k e  predators ,  they 

cause many rodents to be destrcyed but do not reduce popula- 

t i ons  t o  a s  low a l eve l  a s  can be achieved with rodentioidea. 

Bounties a r e  expensive and a l so  encourage g r a f t  and other  

dishonesty. 
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There i s  no point i n  l i s t i ng  an extensive bibliography on rodent 
control here. An extensive review of pertinent references relat ing 

t o  rodent control appeared l a s t  year: 

Bmolg, J .E. 1973. A review of commensal roclents and the i r  control. 

Cr i t ica l  Reviews i n  Environmental Control, Vo1.3, issue 4, 405-453. 
Far copies write t o  M r .  Joe E. Brooks, New York State Departanent of 

Health, Bureau of Rodent Control, A l b a n y ,  New York 12200, U.S.A. 

Several excellent volumes of a Bibliography on Rodent Peat 

Biolow and Control have also recently been published by FAO/WHO. 

The follavinE; references were ci ted in this report: 

Bentley, E.W,: Review of currently wed anticoagulante, and 

bats ,  N.Q.: A c r i t i c a l  review of the currently used acute 

mdsnticides. Both i n  Serrdnar on Rodents and Rodent Ectoparasites, 

October 24, 1966. WHo/VC/66, Geneva, 220 pp., 1966. 

Howard, W.E, and R .E, h s h ,  1974. R a t  control d. Pest 

Control ~Yagsiaine, Vol.k, 10.7, 18 pp. For copies d b  t o  authors 

a t  the Diviaion of Wildlife and Fisheries Siolow, University of 

California, Pavis, California 95616, U ,S .A. 

The assistance of Mr. Rex E. h s h  i n  preparing this Seminar 

outline is greatly appreciated. 
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Acceptance 

Refem t o  the pa la tab i l i ty  and voluntarqr consumption of ba i t s  and toxicants by 

target  organism. 

Acclimation 

Process by which an individual organism becomes accustomed t o  a new s i tua t ion  in 

f i e l d  o r  laboratory. 

Acclimatization (often cal led "adaptationn by e v o l u t i o m ~ g  s c i e n t i s t s  ) 

An adaptive change in the  heredity of a population o r  section of a speoies 

tending t o  f i t  it f o r  a par t i cu la r  s e t  of environmental conditions. 

Adaptation 

The f i t ne s s  of an organism within its genetic s t ruc ture  f o r  its envimnment, o r  

the  process (acclimation) by which it becomes f l t .  

Adult 

Sexually mature; an animal t h a t  has o r  is capable of contributing new individuals 

t o  a population.. 

Age colnposition (s t ructure)  

The arrangelnent of age classes  i n  a population which describes the re la t ive  

fmquency of the  age classes. 

Aggressive behaviour 

Includes both combat and aggressive display t o  drive the stimulus object arny 

o r  othexwise modify it by intimidating, injuring, o r  even k i l l i n g  it. 
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Carrying capacity 

'Ihe maximum density of a particular species of animal which can be maintained 

in a given ecosystem on a sustained basis without deteriorating the habitat, 

1.e.. the number of Individuals that  a habitat can maintain in a healthy condition. 

Challange die t  

A food o r  liquid offered t o  compare acceptance with a food containing a t e s t  

Ingredient, e.g., a toxican%. 

Chemical toxicant (poison) 

A n y  chemical substance, the intended o r  accidental effect  of which, when ingested, 

inhaled, o r  absorbed, o r  when applied to, o r  inJected Into the body, In mlatively 

small amounts, by its chemical action may cause significant bodily malfunction, 

inJury, o r  death t o  animals o r  man. 

Chemosterilant 

A chemical substance which prevents effective mproduction. 

C i r c a d i ~  rhythm 

Activity cycles approximating 24 houm under constant conditions (ciFfa -- 
about, diem -- day) 

Climax community 

A community i n  a s ta te  of relative ecologic equilibrium with its habitat because 

it is no longer in pmcess of further successional changes. Climatic climax is 

an equilibrium w i t h  the general climate; edaphic climax is modified by mbstmte  

where topography, soi l ,  o r  water a m  such that  the climrtic climax cannot develop. 

cormrmnity 

An assemblage of ecologically mlated organism composed of two o r  more species. 

Communication sipals 

A chemical o r  physical production of an individual that influences the behaviour 

of ntcipient,individuals of the same species. 
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Conditioned stimulus 

A stimulus which evokes a response (o r  a l t e r s  some other  condition of behaviour) 

only because of a his tory i n  which it has been paired with a stimulras (often 

unconditioned) having t he  same e f fec t .  

Conservat ion 

The maintenance of a species a t  a desired level, o r  the  perpetuation (not 

preservation per s e )  and wise use of natural  resources and conservative use of 

nonrenewable resources such as  natural  gas, o i l ,  and minerals. Control t o  

reduce a population below its carrying capacity f o r  t h a t  environment. 

Crash 

The sudden decline of a population by natural  mortality; usually occurs following 

the  peak of a cycle. 

Cyclic population 

A popuaion with great var ia t ion between high and low dens i t i es  (excluding 

seasonal f luctuat ions)  which occur with cyclic regularity.  

Density-dependent andtbnsity-independent factors  

Agencies which control a popuaion mayk dependent o r  independent upon the 

population's density, e.g., the density-dependent agencies a r e  believed t o  

determine the  "equilibrium" density of each species. 

Deprivation 

Withholding food, water, sexual contact, e tc .  

Dispersal 

1. Abandonment of a former home range. 2. "Innate dispersal" -- 
predisposed a t  b i r t h  with a dispersal  i n s t i nc t  usually activated a t  puberty. 

3. "Environmental dispersal1' -- resu l t  of int raspecif ic  pressures; the 

select ion of a new home range, par t  of which usually is within t he  confines 

of the parental  home range. 

Distress c a l l  

Birds emit d i s t r e s s  c a l l s  when variously restrained and handled. It is a 

desperation signal which fr ightens  other  birds. 
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Food Chain 

A sequence of species within a comkmity, each member of which serves as 

food f o r  the  species next higher in the chain. 

Runisant 

A smoke, gas, o r  v.pour that is l e t ha l  when inhaled by t a rga t  species. 

F'ur bearer 

Any animal sou&t f o r  it8 fur. 

~ame  management 

The art of making land produce a sustained c m p  of wild guR f o r  recleational 

purposes. 

Graminivorous 

An animal t h a t  e a t s  grass. 

Habitat 

It is the  environmental s i tua t ion  (usually only climate and physical features  

of the environment) in which o r  on which any com~unity, species, o r  M i v i d u a l  

lives. 

Habitat s t a b i l i t y  

Natural biomes have a well-established, s ta tb ,  animal-soil-wgetation complex 

which is not del icate ly  balanced due t o  sel f - l imita t ion of species. 

Habituation 

The inhibi t ion of a perceptual response a s  a r e su l t  of repeated stiumulation 

which is not followed by any kind of reinforcement. It is of re la t ive ly  

enduring nature and is thus regarded a s  d i s t i n c t  from fat igue and sensory 

adaptation. 

Herpeticide 

A t a i c a n t  used against  ampfiibians and rep t i l es .  

Homeostasis 

The a b i l i t y  of an individual, society, o r  comnunity t o  regulate i t s e l f  s o  

t h a t  it is able t o  ex i s t  i n  a frequently-changing environment. 
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Home range 

The area over which an individual animal habitually t rave l s  while engaged 

i n  i ts  da i ly  ac t i v i t i e s .  

Imitative behaviour 

A response stimulated by t he  behavioural response of another individual. 

Immigration 

An individual o r  spec~errter$z&a-'ocqmunity where previously it was 

not present. 

Immunity 

Following repeated exposures t o  pathogens t he  organism acquires the  a b i l i t y  

t o  r e s i s t  the agent o r  infection. 

Imprinting 

The recognition of parental  characters through learning i n  a b r ie f ,  usually 

very ear ly  stage i n  animals' l ives .  May apply t o  learning about rood, 

habi ta t  character is t ics ,  and other elements i n  animals' world. 

Indicators 

Indicator species of plants  o r  animals often recur again and again i n  

widely separated ecosystems of s imilar  types and semre a s  an indicator 

of ce r ta in  general character is t ics  of the  environment. 

Innate 

Inborn. In behaviour it re fe rs  t o  genetic differences between responses 

of individuals o r  species. In  animal behaviour innate and learned a r e  

d i f f i c u l t  t o  separate concisely. 

Integrated control 

Is a management system tha t ,  within the area of associated environment 

and population dynamics of the  pest  species, uses a l l  su i tab le  techniques 

and methods in a s  compatible a manner a s  possible t o  maintain pest  popula- 

t ions  a t  levels  below those causing economic injury. 

Interspecif  i c  

~nt 'er- re la t ionships  between members of d i f fe ren t  species. 
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Intraspecific 

Inter-relationships between members of the same species. 

Invasions 

Spread of a species into a community where it was not formerly represented. 

Irruption 

An unusually high population density of either a cyclic or non-cyclic 

species. 

Land capability 

The suitability of land for use without damage; not a clear term. 

Latency of response 

The measure of time elapsing between onset of stimulus and the beginning 

of the response to it. 

LC50 

The statistical concentration that is lethal to 50% of a large population 

1-0 

The statistical dosage that is lethal to 50% of a population. 

Learning 

The process which produces change in individual beheviour as the result 

of experience. 

Life cycle 

The stages an organism passes through from the fertilized egg to death. 

Limit of tolerance 

Organisms have an ecologiaal minimum and maximum requirement, with a range 

in between which rep~esents the limits of tolerance. 

Limiting factors 

Any environmental factor which limits the distribution and/or the size 

of a population. 

Management 

Usually implies maintaining a sustainable population density such as a game 

species . 
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Marginal habitat 

Where individuals or population live a tenuous existence and seldom 

successfully reproduce, 

Memory 

Learning, i.e., a modification of behaviour due to experience. 

Migrations 

Seasonal migrations, e.g., the regular annual round trips made by many 

birds and game mammals; geographic migration is a more or less permanent 

movement into a new geographic area (emigration). 

Multiple use 

Harmonious use of land for more than one of the following purposes: 

grazing of livestock, wildlife production, recreation, watershed, and 

timber production; but not necessarily the combination of uses that 

will yield the highest economic return or unit output. 

Mutagenic 

Chemical substance, when brought into intimate contact with the organism, 

that is capable of producing changes or alterations that are heritable. 

Natality 

Birth rate. 

Natural control 

The maintenance of a more or less fluctuating population density with 

certain definable upper and lower limits over a period of time by the 

combined actions of abiotic and biotic elements of the environment. 

Natural selection 

The elimination of the less fit individuals in competition for existence, 

dependent on successful variation (differential survival) . 
Neophobia 

A negative response upon first exposure to a new item in the environment 

or a dietary change in a hit. 
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Niche 

That portion of the habitat the species concerned occupies for shelter, 

for breeding sites, and for other activities; the food that it eats, and all 

the other features of the ecosystem that it utilizes. 

Non-target species 

Those species not to be intentionally affected by a control practice aimed 

at another species in the same environment. 

Operant 

A behaviour associated with a reinforcement. 

Operant conditioning 

The experimental procedure of presenting the animal with a reinforcing 

stimulus (e .g., food) immediately following the commission of a given 

response to increase the rate of occurrence of the responses. 

Overpopulation 

A population lwel which the habitat cannot sustain indefinitely. 

Pandemic 

Of wide occurrence, such as a disease. 

Pathogen 

A microscopic or sub-microscopic organism whose presence results in illness 

or death of host. 

Pesticide 

A substance or mixtwe of substances intended for destroying. repelling, 

or mitigating any vertebrate or invertebrate pest or preventing the 

species from becoming a pest. 

F'harmacodynamic 

Pharmaoodynamic is the response of living organisms to chemical stimuli, 

or the reaction occurring between these chemicals and living structures. 

Phermones 

Intraspecific chemical stimuli (e.g., sex odours) perceived from the 

external environment (pherein, to carry, and horman', to excite). 
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Physiologic homeostasis 

The maintenance of the  in te rna l  environment (both intra-  and extra- 

c e l l u l a r )  within limits conducive t o  the  survival of the  organism. 

(See homeostasis). 

Plscide 

Toxicant used against  f i sh .  

Placebo 

An inactive substance; i n  choice t e s t s  a d i e t  t ha t  contains a l l  of the  

same ingredients except the  toxic o r  t e s t  material  present i n  the  ba i t  

Plague 

1. A dras t ic  increase i n  the  population, and "outbreak" a s  a plague of mice 

o r  locusts.  

2. Comnonly used i n  reference t o  the disease,  bubonic plague, caused by 

Yersinia pe s t i s .  

Pollution 

Environmental ( a i r ,  water, land, c i t i e s ,  e tc . )  contamination. 

Poly_andry 

The mating of a s ingle  femele with several  males. 

Polygamous 

The mating of one male with s w e r a l  females. 

Population 

A group of individuals of t h e  same species. 

P d l u t  i on 

Environmental pollution resul t ing from too many people. 

Population density 

The priraary factors  determining the  density of a vertebrate species a r e  

t h e  s u i t a b i l i t y  of t he  hab i ta t  conditions and self-l imitation. 

Predacide 

Toxicant used t o  poison predators. 
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Predator 

An animal which habitually preys upon other animals for foed. 

Primary poisoning 

Sickness, pathologic changes, or death resulting from direct ingestion, 

inhalation, or contact toxicant by a non-target species. 

Rare species 

A species or sub-species that although not presently threatened with 

extinction, is in such small numbers throughout its range that it may be 

endangered if its environment worsens. A Status Undetermined species 

or sub-species is one that has been suggested as being rare or endangered, 

but more information is needed. (See endangered and peripheral species.) 

Recruitment 

Increment to a population by natural reproduction and immigration. 

Reinforcement (reward) 

After an animal has made a response, presenting it with a reinforcing 

stimulus (such as food to a non-satiated subject) or of withdrawing a 

negative reinforcing stimulus (such as an electric shock). 

Releaser 

A stimulus presented by one animal that controls a response or responses 

of another. 

Renewable natural resources 

Those parts of man's environment which have utility for him and which even 

though used, may be his actions he maintained or increased in quantity, 

and/or quality. It excludes man and non-renewable natural resources such as 

minerals, but includes air and water with all of their components. 
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Repellent chemical 

See "Attractant" 

Repelling or  a t t r ac t i ng  biosounds 

Sounds produced by any animal which influence t he  behaviour of a pest  species. 

Reproduction inh ib i to r  

A chernosterilant. 

Resistance 

The natural  o r  genetic a b i l i t y  of an organism t o  ward off the  deleter ious  

e f fec t s  of such noxious agents a s  poisons, toxins, i r r i t a n t s  o r  pathogenic 

microorganisms. 

Rodenticide 

A pesticide applied a s  a ba i t ,  dust, o r  fumigant t o  destroy o r  repel1 rodents 

and other animals such a s  moles, rabb i t s  and hares. 

Rope f i recracker  

Slow burning rope fuse i n  which f i recracker  fuses  can be inser ted a t  

i r regu la r  in te rva l s  t o  f r ighten birds.  

Sanitation 

The establishment of environmental conditions favorable t o  heal th  o r  t o  

reduce pest problems. 

Sa t ia t ion  

Making food available t o  an organism u n t i l  it stops eating. 

Scavenger 

An animal that feeds principally on already dead -1s o r  garbage. 

Secondary poisoning 

The resu l t  a t t r ibu tab le  t o  a chemical toxioant whioh, a f t e r  being ingested, 

inhaled, o r  absorbed by o r  into,  o r  when applied t o  o r  injected i n t o  a maumial, 

bird,  o r  rep t i l e ,  is retained i n  its tissue,  o r  otherwise retained i n  such a 

manner and quantity t h a t  the  t i s sue  i t s e l f  o r  re ta ining par t  i f  thereaf te r  

ingested by man o r  animal, produces the  e f f ec t s  of a chemical toxicant. 
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Selective pesticide 

A pesticide which while k i l l ing  the pest individuals spares much or most 

of the other fauna, including beneficial species, ei ther  through differential 

toxic action or through the manner i n  which the pesticide is utilized (formulation, 

dosage, timing, eta. ) 

Self -1imltation 

Species involuntarily prevent the i r  population densities from exceeding 

certain levels by the interaction of intraspecific s tress factors (e.g. 

psychological, competitim for  food or  mates, temltor ia l i ty ,  weather, 

disease, or  other vicissitude of l i f e )  which cause various increase i n  mortality. 

reductions in  natality, or emigrations from the overpopulated areas. 

Social behaviour 

Behavioural interactions between individuals of the same species, but i n  some 

cases w i t h  another species. 

Social dominance or rank 

Certain individuals dominate the others i n  the group by the i r  strength or 

aggressiveness. 

Society 

An assemblage of individuals a l l  of the same species. 

Sound frequencies 

mcles per second now referred t o  a s  Hertz (Hz OF kHz) instead of cycles/second 

or kllocycles/sedond. 

Species 

A group of interbreeding populations (actually or potentially) reproductively 

isolated from other such groups. 

Stupefacients 

D q s  used a s  a pesticide t o  cause birds t o  go into a s ta te  of stupor so they 

can be captured and removed or t o  frighten other birds away from that  area. 

Subclimax 

Any important euacessional stage below the climatic c l i q x .  
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Succession 

The replacement of one community by another. 

Surf actant 

A wetting agent t h a t  causes heat l o s s  from the body of the  t reated (sprayed) 

b i rds  o r  mawals. 

Synergistic e f f ec t s  

Wnere the  degree of control achieved by a combination of methods exceeds 

the sum of the  independent e f f ec t s  of each method. 

Target organism o r  species 

The intended individual o r  population t o  be dea l t  with. 

Terri tory 

That portion of a home range t h a t  i s  defended against  t respass  by other 

members of the same species. 

Threshold density 

The minimum population leve l  a t  which a population can maintain i t s e l f .  

Threat 

That behavlour which has been shown t o  produce f l i g h t  i n  another animal. 

Tolerance 

An organism's a b i l i t y  t o  endure a pest ic ide o r  drug wlthout ill ef fec t ,  e.g. 

t h e  s t a t e  of its innate resistance o r  acquired imrmnity. 

Trap night 

Used t o  express t he  r a t i o  of individuals captured depending upon the  numkr 

of t r aps  and length of time they were se t .  One t r a p  night equals one t r a p  s e t  

f o r  one night. 

Trophic l eve l s  

They distinguish the  more Important l eve l s  of food production and u t i l i za t ion ,  

e.g. primary producers (usually green plants) than prlmary (he rb ivom)  and 

seconderg (predators) consumers, each being a trophic leirel. 
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Vertebrate control objectives 

To accomplish the  desired e f f ec t  with a maximum of safety t o  man and t o  forms 

of l i f e  useful o r  of neutral  value t o  him, and that it be carr ied out wlth 

a minimumof disturbance t o  the  b io t ic  conmnmity. It is the  a l lev ia t ion  of t h e  

problem t o  a tolerable  level,  not necessarily the  destruction of vertebrates.  

Vertebrate pest  

AW native o r  introduced, wild, o r  f e r a l  species of vertebrate animal t h a t  is 

currently troublesome locally,  o r  over a w i l d  area, t o  one o r  more persons, 

e i t he r  by being a heal th  hazard, a general nuisance, o r  by deotroying food, 

f iber ,  o r  natural  resources. A pest  t o  one person may a t  the  same time have 

easthet ic  o r  recreational value t o  others. 

Wilderness 

I n  contrast  t o  those a reas  where man dominates t he  landscape, a nilderness is a 

re la t ive ly  unaltered ecosystem of any s i ze  where man is a v i s i t o r  who does not 

remain. 


