


1. BIOLOGY AND CHARACTERISTICS OF SAHELIAN RODENTS I N  CHAD* 

Near ly  1700 species o f  rodents are recognized i n  the  wor ld  today. 
For tunate ly ,  o n l y  a handful o f  these are  known t o  be pest  species. Pest 
rodents a re  general l y  r a p i d  breeding, shor t -1  i v e d  herb ivores  (ea t ing  p l  an t  
foods) o r  omnivores (eat ing  almost anything) competing w i t h  man f o r  food 
crops, reducing t h e  supply o f  h i s  s tored foods and o t h e r  commodities, damaging 
h i s  const ruc t ions ,  and harboring and t r a n s m i t t i n g  harmful pa ras i tes  and 
diseases. 

I n  t h e  Sahel ian area o f  A f r ica ,  p e r i o d i c  outbreaks o f  rodent  populat ions have 
been recorded d u r i n g  the  past 30 years and f o r  perhaps even longer  than t h a t  
h i s t o r i c a l l y .  These outbreaks u s u a l l y  occur fo l l ow ing  good r a i n s  t h a t  end 
severa l  y e a r s - o f  drought. Jus t  as t h e  farnlers a re  expect ing  good harvests, 
t h e  rodents reach outbreak propor t ions  and cause heavy losses t o  t h e  crops 
be fo re  they  can be harvested. 

Rodents are one o f  t he  most d iverse  o f  t h e  mammalian groups i n  terms o f  form. 
For example, rodents may have long, s l i m  bodies o r  shor t ,  squat ones; the  f u r  
may be e n t i r e l y  s o f t ,  woolly, o r  s i l k y  and sleek, o r  i t  may appear as long, 
s t i f f  b r i s t l e s  o r  q u i l l s ;  the  pelage may be dense and l o n g  o r  the re  may be no 
f u r  a t  a l l ;  t he re  may be la rge  ears o r  ex terna l  ears  may be lack ing .  Ta i l s ,  
too., are extremely d iverse:  they can be more than tw ice  as l o n g  as the  head 
and body o r  t h e r e  can be v i r t u a l l y  no t a i l  ; t a i l s  can be almost naked and 
scaly,  o r  densely c lad  w i t h  long h a i r  forming a most s t r i k i n g  and b e a u t i f u l  
appendage t o  t h e  body. A1 though most rodents g e t  from p lace  t o  p lace by 
runn ing on a l l  f o u r  legs, there are  those t h a t  walk o r  hop on o n l y  two and, 
f i n a l l y ,  t he re  are those rodents t h a t  g l i d e  through t h e  a i r  from t r e e  t o  t r e e  
by us ing  spec ia l  membranes s t re tched 
between t h e  f o r e  and h ind less .  

1.1 How t o  recognize a rodent 

What then, w i t h  a l l  t h i s  d i v e r s i t y ,  
c o n s t i t u t e s  a rodent? The answer l i e s  
i n  the  tee th .  The gross dental p a t t e r n  
o f  a l l  rodents i s  the same. A t  the  
f r o n t  o f  the  mouth are t w o  pa i r s ,  one 
p a i r  i n  each jaw, o f  loqg, c i r c u l a r l y  
curved, s t r o n g l y  b u i l t ,  i n c i s o r  tee th .  
These i n c i s o r s  are separated f r o m  the  
molars by 
diastema 
sharpened 
sur face o 

F ig .  1 

a 1 arge gap c a l l e d  the  
( F i g  1 The inc i so rs  i n  rodents grow cont inuous ly .  The are kept 
by rubbing the tee th  up and down aga ins t  each o ther .  The f r o n t  

f the  i n c i s o r s  i s  composed o f  hard enamel and the  back surface i s  
made up o f  s o f t e r  dent ine. 

* Drawings f o r  f i g u r e s  4-9, and 13-16 adapted from Kingdon (1974), East 
Afr ican Hammals, U n i v e r s i t y  o f  Chicago Press, used w i t h  permission. 
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ins tead,  t end  t o  have broad i n c i s o r s  and 
mi 11 -1 i ke g r i n d i n g  t e e t h  w i t h  
a p p r o p r i a t e l y  s t o u t  s k u l l s  t o  suppor t  
them. The omnivorous types t end  t o  f a l l  
i n  between t h e  two. 

The animals  most s i m i l a r  t o  t h e  roden ts  
i n  t h i s  d e n t a l  s t r u c t u r e  a re  rabb i t s ,  
hares and p ikas .  Bu t  i n  c o n t r a s t  t o  t h e  
rodents ,  t h e  l a t t e r  have two i n c i s o r s  i n  
each h a l f  o f  t h e  upper jaw, t h e  second 
one be ing  p e g - l i k e  and r a t h e r  smal l .  
Most o ther  small mammals l a c k  a diastema, which can be seen i n  rodents when 
t h e  l i p s  a r e  p u l l e d  back. 

I n  most r oden ts  t h e  ea rs  a r e  f a i r l y  prominent  and q u i t e  o f t e n  naked, o r  n o t  
ha i red.  The eyes a r e  l a r g e  f o r  t h e  s i z e  o f  t h e  animal, an adap ta t i on  f o r  
seeing more e a s i l y  a t  n i g h t .  The head i s  u s u a l l y  tapered  t o  t h e  p o i n t e d  snout 
which i s  covered w i t h  l o n g  whiskers, o r  v i b r i s s a e .  The t a i l  can be s h o r t e r  
than  t h e  head and body b u t  i n  most spec ies i s  equal t o  o r  l o n g e r  than  t h e  head 
and body (F ig .  2). 

A d u l t  female roden ts  a r e  recognized by t h e  numerous 
mammaries o r  t e a t s .  These may be arranged i n  
p a t t e r n s  i n  t h e  p e c t o r a l  (chest )  area and i n  t h e  
i n g u i n a l  ( g r o i n )  area. They can number f rom as few 
as 6 (3  p a i r s )  t o  as many as 24 (12 p a i r s ) ,  
depending upon t he  spec ies (F ig .  3 ) .  G e r b i l l u s  and 
Tatera a r e  p a t t e r n  1; Mus, p a t t e r n  2; R a t t u s  r a t t u s ,  
p a t t e r n  3; and Praomys, p a t t e r n  4; as shown i n  
F igu re  3. 

For  t he  f i e l d  worker i n  West A f r i c a ,  roden ts  w i l l  be 
met w i t h  as members o f  communities r a t h e r  than  as 
i s o l a t e d  species,  and a  l i n e  o f  t r a p s  s e t  i n  any 
h a b i t a t  w i l l  g e n e r a l l y  ca t ch  a  v a r i e t y  o f  spec ies o f  
severa l  d i f f e r e n t  types.  Each has i t s  own 
adapta t ions  t o  t h e  d i f f i c u l t  environment, based upon 
i t s  feed ing  and l i v i n g  h a b i t s .  Some never  invade 
a g r i c u l t u r a l  f i e l d s ;  o t h e r s  invade a t  every  
oppo r tun i t y ,  caus ing widespread damage t o  cerea l  
g r a i n s  and vegetable c rops .  

Some are  capable o f  caus ing human disease, such as 
plague, mur ine typhus, and Lassa fever .  Others may 
c a r r y  p a r a s i t e s  t h a t  cou ld  be t r a n s n ~ i t t e d  t o  humans 
arld domestic an imals .  For nlany West A f r i ca r i  roder l ts ve ry  1 i t t l e  i s  know11 o f  
the i r -  d i s t r i b u t i o r l ,  t ~ a t ) i t . ' ~ t s >  feeding h a t ~ i t s ,  breeding h a b i t s ,  l o n g e v i t y ,  arid 
t he  e f f e c t s  o f  c l  in ia  t i c  2nd vecj t?tat i  on y r o w t t ~  f a c t o r s  on t l i e i  1- popul a t  i o n  
dq'na~nics. A s tu t j y  of t l l e i  I- t ~ a l ~ i  t s  arid ~ r~c l t t ~ods  f o t -  t t ~ c i  t -  c o r ~ l r o i  w i  1 1  becoi;ie 
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more i m p o r t a n t  as food s u p p l i e s  f o r  t h e  human and domest ic animal popu la t i ons  
i n  t h e  Sahel become even more scarce  t han  a t  p resen t .  T h i s  t r a i n i n g  manual i s  
designed t o  i m p a r t  t o  t h e  t r a i n e e  what i n f o r m a t i o n  i s  a t  p r e s e n t  known about 
t h e  more common o f  t h e  Sahe la in  r oden t  spec ies,  some c o l l e c t i o n  and 
p r e s e r v a t i o n  methods, t o x i c i t y  and b a i t  t e s t i n g ,  and how t o  p l a n  and implement 
c o n t r o l  programs. 

1.2 B i o l o g y  o f  Some Chadian Pes t  Rodents 

1.2.1 The Egyp t i an  g e r b i l  o r  sand r a t ,  G e r b i l l u s  andersoni. 

Egypt ian  g e r b i l s  a r e  sma l l  (15 t o  32 g) ,  w i t h  sandy d o r s a l  pe lage,  and a w h i t e  
v e n t r a l  pe lage.  The eyes a r e  l a r g e .  The t a i l  i s  l ong ,  sandy above, w h i t e  
below, w i t h  an -e l onga ted  t u f t  o f  l o n g  h a i r s ,  o f t e n  w i t h  b l a c k i s h  t i p s ,  a t  t h e  
end. The s o l e s  o f  t h e  h i n d f e e t  a r e  covered w i t h  s h o r t  w h i t e  h a i r s .  

Egyp t ian  g e r b i l s  t y p i c a l l y  l i v e  on sandy 
dunes. The g e r b i l s  a r e  d i s t r i b u t e d  over  
a l l  t h e  d r i e r  p a r t s  o f  A f r i c a  and 
Arab ia ,  I r a n ,  and n o r t h e r n  I n d i a .  They 
c o n s t r u c t  burrows i n  t h e  sand t o  escape 
t h e  dayt ime h i g h  temperatures.  They a re  
e n t i r e l y  n o c t u r n a l  (coming o u t  o n l y  
a f t e r  da r k ) .  They feed m a i n l y  upon 
g rass  seeds, g rass  stems and r o o t s ,  and 
i nsec t s .  The l i t t e r  s i z e  i n  G. andersoni observed i n  t h e  a rea  near  Lake Chad 
and N'Gouri averages 5.0 and ranges f rom 2 t o  9. They appear t o  e s s e n t i a l l y  
breed year - round  b u t  q u i t e  o f t e n  respond t o  p ro longed  g reen ing  o f  t h e  grasses 
and weeds w i t h  a  heavy b reed ing  e f f o r t  and a l a r g e  o u t - p o u r i n g  o f  young 
animals.  

Egyp t ian  g e r b i l s  have h i n d  f e e t  which a re  
somewhat l o n g e r  than  t h e  f o r e f e e t ;  t h i s  a l l ows  
them t o  hop around w h i l e  search ing  f o r  seeds 
d u r i n g  t he  n i g h t  ( F i g .  4 ) .  They can hop 
f a s t e r  than  t hey  r u n  on a l l  f o u r  l e g s .  Seeds 
a re  p i cked  up w i t h  t h e  smal l  f o r e l e g s .  T h e i r  
burrow openings can be found on t h e  sandy 
dunes sometimes near  t h e  d e s e r t  shrubs, The 
openings a r e  o n l y  about 2 t o  3 cm i n  d iameter .  

1.2.2 The multimammate mice o r  r a t s ,  Praomys 
(Mastomys) nata lensis 

The rnultirnarnmate mice o r  r a t s  a re  a  spec ies 
complex w i d e l y  d i s t r i b u t e d  i n  A f r i c a  ( F i g .  5 ) ,  
occu r r i ng  f rom Morocco i n  t h e  nor thwes t  t o  t h e  
t i p  o f  South A f r i c a  and f rom Senegal i n  t he  

3 
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west t o  Somalia i n  t h e  e a s t .  They a r e  
probably the most widely d i s t r i b u t e d  
small mammal i n  t r o p i c a l  A f r i c a ,  There 
a r e  some u n s e t t l e d  problems i n  t h e  
naming o f  t h i s  s p e c i e s ,  wi th  both 
Praomys and Mastomys being used f o r  the  
genus name. Praomys i  s a  semi -commensal 
r oden t ,  l i v i n g  both wi th  and wi thout  
man. Over t h e  c e n t u r i e s  t hey  have 
accommodated themselves t o  - t h e  Afr ican 
v i l l a g e ,  bu t  they  a r e  now being rep laced  where t h e  true commensal r a t ,  R a t t u s  
r a t t u s ,  expands i t s  range.  The b e s t  i d e n t i f y i n g  f e a t u r e s  a r e  t h e  p a r t i c u l a r l y  
s i l k y  grey-based f u r ,  the t a i l  s h o r t e r  than  head and body ( F i g .  6) and, i n  
females ,  the presence  of up t o  12 p a i r s  of mammae. These r a t s  a r e  extremely 
important  because they  a r e  a  p r inc ipa l  hos t  o f  human p lague  and i n  t h e  p a s t  20 
yea r s  have been found t o  r e s e r v o i r  and v e c t o r  t h e  dead ly  Lassa f e v e r  v i r u s .  

Multimammate r a t s  a r e  t y p i c a l  unspec ia l ized  r a t s .  Within t h e i r  v a s t  
geographical  range,  they  show a g r e a t  e co log i ca l  d i v e r s i t y  and,  bes ides  l i v i n g  
w i t h  man i n  v i l l a g e s ,  they  1 i v e  i n  g r a s s l a n d s ,  savannas,  and a g r i c u l t u r a l  
f i e l d s .  'They can reach extremely high d e n s i t i e s  i n  a l l  t h e s e  h a b i t a t s .  
Because o f  r ap id  reproduc t ive  c a p a b i l i t y  and an a b i l i t y  t o  reach extremely 
high numbers a t  t imes ,  they  a r e  o f t e n  a r e  s e r i o u s  a g r i c u l t u r a l  p e s t s .  

Breeding a c t i v i t i e s  i n  many Afr ican  c o u n t r i e s  a r e  s t r o n g l y  c o r r e l a t e d  with  
r a i n f a l l .  A few weeks a f t e r  t h e  o n s e t  o f  r a i n s ,  b reed ing  i n c r e a s e s  with  peaks 
most commonly between t h e  months o f  October and March, depending upon t h e  
geographical  l o c a t i o n .  Multimammate r a t s  have l i t t e r  s i z e s  ranging from 4 t o  
19 and averaging 11.0. They can respond t o  g reen ing  o f  v e g e t a t i o n  by breeding 
i n  s eve ra l  gene ra t i ona l  c y c l e s  u n t i l  they  reach ou tbreak  p ropo r t  i ons .  The 
l i t t e r  s i z e  du r ing  t h e s e  ou tbreaks  can i nc r ea se  t o  an average  of 12 t o  13 per  
female .  Young born in  one breeding season a r e  s e x u a l l y  mature ( 3 4  months) 
and a l r eady  capable  of breeding in  t h e  next  season fo l l owing  t h e  r a i n s .  The 
g e s t a t i o n  per iod i s  23 days and young a r e  weaned a t  about 21 days .  

They a r e  b a s i c a l l y  omnivorous in food h a b i t s  and probably a r e  o p p o r t u n i s t i c  
feeders  l i k e  R a t t u s .  In b e t t e r  h a b i t a t s  they tend t o  feed a s  much on animal 
ma t t e r ,  p a r t i c u l a r l y  i n s e c t s ,  a s  they  do on vege t ab l e  m a t t e r .  When t h e i r  d i e t  
i s  r e s t r i c t e d ,  they  may feed e x c l u s i v e l y  on a  s i n g l e  i t em,  such a s  cassava ,  
maize, o r  r i c e .  They a r e  a b l e  t o  l i v e  in  r e l a t i v e l y  d r y  h a b i t a t s  but do l i k e  
t o  d r ink  wa te r ,  and they  w i l l  expose themselves more than  most o t h e r  rodents  
in t h e i r  search  f o r  food and wa te r .  This l a ck  of  c au t i on  makes them easy 
prey,  f o r  when they  a r e  numerous va r ious  p r e d a t o r s ,  snakes ,  owls ,  and 
carn ivores  can g l u t  themselves w i t h  ease  on t h i s  s p e c i e s .  

This nocturnal spec i e s  l i v e s  i n  burrows. Their  burrows a r e  by pre fe rence  
modi f ica t ions  of na tura l  c racks  and c r e v i c e s  but  t hey  can d i g  t h e i r  own 
burrows when forced  t o .  Quite o f t e n  t h e i r  burrows have been dug and 
previously occupied by o t h e r  roden t s .  The nes t  f o r  t h e  young i s  made i n  t h e  
burrow. 
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1.2.3 N i l e  r a t s ,  A r v i c a n t h i s  n i 7 o t i c u s  

N i l e  r a t s ,  a l s o  known as uns t r iped grass r a t s ,  
occur i n  a broad b e l t  across t h e  Sahel region,  
extending n o r t h  and south i n t o  t h e  N i l e  v a l l e y  
and t h e  R i f t  Val 1 ey (Fig. 7 ) .  They are common 
i n  t h e  no r the rn  savannas where they feed 
main ly  on t h e  seeds, leaves, and shoots o f  
grasses. They are  bas i  c a l  l y  d i u r n a l  ( a c t i v e  
du r ing  day1 i g h t  hours) but ,  i n  response t o  
in tense heat,  may a1 so be nocturnal .  I n  Chad, 
they  can be found a1 ong grassy and weedy f i e 1  d 
borders and i n  t ho rny  fencerows around 
c u l t i v a t e d  areas, especi a1 l y  wadis. They are 
l o c a l i z e d  i n  t h e i r  d i s t r i b u t i o n  because o f  
t h e i r  l a r g e  water  requirements. Nests are 
u s u a l l y  found i n  banks o r  rubb ish  heaps o r  a t  
t h e  base o f  bushes. Runways lead through t a l l  grass away f rom them. Surface 
nests as w e l l  as burrows are loca ted i n  t h i c k  bunches o f  grass.  Underground 
nests, l i n e d  w i t h  f i n e  grass and o f t e n  found i n  numbers of f o u r  o r  f i v e  
together  are u s u a l l y  between 20 t o  60 cm below t h e  ground sur face.  These 
rodents are  gregar ious  bu t  t h e  number o f  r a t s  w i t h i n  each burrow system tends 
t o  be regu la ted  t o  smal l  groups, even i n  areas where 1 arge groups o f  we1 1 - 
es tab l ished burrows have j o ined  up over years o f  occupat ion t o  form a l a r g e  
co l  ony . 

N i l e  r a t s  are h e a v i l y  b u i l t ,  shaggy- 
coated r a t s ,  weighing 115 t o  150 g (F ig  
8 ) .  The dorsa l  pelage i s  greyish-brown 
t o  dark brown and t h e  v e n t r a l  pelage i s  
l i gh t -b rown  t o  medium brown w i t h  wh i te  
t i p s .  The head i s  rounded w i t h  a b l u n t  
nasal reg ion .  The t a i l  i s  covered w i t h  
small h a i r s ,  dark above, p a l e r  below. 
The rnammae number 3 p a i r s ,  1 p a i r  
p e c t o r a l l y ,  2 p a i r s  i n g u i n a l l y .  

N i l e  r a t s  can respond t o  greening 
vegetat ion by increased breeding. They are capable o f  breeding year-round; 
however dur ing  d r y  s p e l l s  breeding drops t o  a minimum. One f a c e t  o f  
Arv i can th i s '  success seems t o  l i e  i n  t h e i r  a b i l i t y  t o  recoup t h e i r  numbers 
a f t e r  the annual d r y  season dep le t i on .  The ges ta t i on  p e r i o d  i s  about 18 days 
w i t h  an average l i t t e r  s i z e  o f  5.3 and a range o f  1 t o  11. Heavier  females 
tend t o  have l a r g e r  1 i t t e r s .  

A r v i c a n t h i s  are p r i m a r i l y  d i u r n a l .  They feed main ly  i n  t h e  a f te rnoon when 
most predators are r e s t i n g  i n  the  shade. They feed ma in l y  on the  seeds, 
leaves and shoots o f  grasses. They a lso  a t tack  crops, ma in l y  s to red  g r a i n s ,  
cassavas, sweet potatoes,  tomatoes, and egg p l a n t .  They w i l l  en te r  grass huts  
and g r a i n  s tores i n  search o f  food. 
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1.2.4 The f r i n g e - t a i l e d  g e r b i l ,  Tatera robusta 

T h i s  i s  a  l a r g e ,  h e a v i l y  b u i l t  g e r b i l ,  we igh ing  about  100 g  (F ig .  9) .  The 
d o r s a l  pe lage  i s  sandy-grey t o  sandy-brown. The t a i l  i s  s p a r s e l y  h a i r e d ,  d a r k  
above, w h i t e  below, w i t h  a  t u f t  o f  d a r k i s h  h a i r s  a t  t h e  t i p ,  It i s  l o n g e r  
t h a n  t h e  head and body. The head i s  rounded i n  shape, t h e  eyes r a t h e r  l a r g e .  

These g e r b i l s  a r e  found  i n  many forms 
of  savannah where t h e r e  i s  good c o v e r  
o f  grasses,  o r  dense shrubs,  They 
p r e f e r  dry ,  sandy s o i l s  a l t h o u g h  t h e y  
occur  i n  i r r i g a t e d  a g r i c u l t u r a l  l a n d s  
i n  wadis near .N tGour i .  L i k e  o t h e r  
g e r b i l s ,  t h e y  d i g  deep burrows, o f t e n  
w i t h  many chambers and t u n n e l s .  
These burrows a r e  used f o r  r e s t i n g  
d u r i n g  t h e  day, r e a r i n g  t h e  young, 
and f o r  food  s to rage .  They a r e  
m a i n l y  g r a n i v o r o u s  b u t  w i l l  e a t  
f r u i t s ,  some l e a v e s  and r o o t s ,  and 
i n s e c t s  ( e s p e c i a l l y  i n  t h e  d r y  
season). Roots and b u l b s  a r e  dug o u t  
and c rops  such as cassava and 

- groundnuts a r e  sometimes damaged i n  c u l t i v a t e d  areas.  I n  Chad, t h e y  may f e e d  
on l o c a l  c rops  and cause some damage i n  wadi c r o p  p l o t s ,  When f o o d  i s  s c a r c e  
they  p r o b a b l y  f o r a g e  o v e r  many hundreds o f  me te rs  each n i g h t .  

- G e s t a t i o n  i s  about 3 weeks and t h e  4 t o  8 young a r e  b o r n  i n  an undeveloped 
s t a t e  and must remain  i n  t h e  n e s t  f o r  a  month b e f o r e  accompanying t h e  a d u l t s  
o u t  t o  fo rage .  J u v e n i l e s  have been reco rded  i n  t h e  d r y  season, f rom December 
t o  March b u t  t h e  e x t e n t  o f  t h e  b r e e d i n g  season i s  n o t  known. 

1.2.5 The r o o f  r a t ,  Rattus rattus 

Roof r a t s  a r e  i n t r o d u c e d  r a t s  which have spread no r thwards  i n t o  Chad f r o m  t h e  
coas t .  Once e s t a b l i s h e d ,  t h e y  a r e  a b l e  t o  l i v e  i n  mesic h a b i t a t s  sur rounded 
by a genera l  1  y  a r i d  env i ronment  . D e s p i t e  t h e i r  w ide g e o g r a p h i c a l  range,  r o o f  
r a t s  l i v e  a lmost  e x c l u s i v e l y  i n  houses, s t o r e s ,  and o t h e r  human h a b i t a t i o n s .  
They a re  good c l i m b e r s  and a r e  o f t e n  found i n  t h e  upper p a r t s  o f  houses. They 
do n o t  i nvade  c r o p l a n d s  and t h e r e f o r e  a r e  n o t  p e s t s  o f  g row ing  c r o p s .  They 
a p p a r e n t l y  compete w i t h  and e x c l u d e  P. (M.) natalensis f r o m  human h a b i t a t i o n s  
where they  c o e x i s t .  

Roof r a t s  i n  Chad a r e  o n l y  rnedium-sized as compared w i t h  t h e i r  As ian  c o u s i n s ,  
averag ing about 80 t o  140 g  when f u l l y  grown. They a r e  d a r k ,  f a i r l y  s l e n d e r  
r a t s  ( F i g .  10 ) .  The d o r s a l  pe lage  i s  d a r k - g r e y  t o  grey-brown and t h e  v e n t r a l  
pelage i s  d u l l - g r e y .  The e a r s  a r e  l a r g e  and h a i r l e s s .  The t a i l  i s  t h i n  and 
very  l o n g ,  covered w i t h  sma l l  s c a l e s  and smal l  d a r k  b r i s t l e s .  
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Roof r a t s  a re  ex t reme ly  
p r o l i f i c ,  have 5 t o  8 young 
i n  a  1  i t t e r  and a  female may 
have up t o  3 l i t t e r s  i n  h e r  
l i f e t i m e .  I n  human hab i -  
t a t i o n s  t h e v  t e n d  t o  breed 
th roughou t  i h e  year .  T h e i r  
b reed ing  p o t e n t i a l ,  however, 
as c o m ~ a r e d  t o  Praomvs i s  
o n l y  about h a l f ,  s i n c e  t h e i r  
mean l i t t e r  s i z e  i s  about 5 
t o  6, whereas multimammate 
r a t s  average 11 t o  12 pe r  
1  i t t e r .  

1.2.6 House mice, Mus musculus and o t h e r  Mus spec ies.  

The mice o f  t h e  Sahel i n  A f r i c a  a re  a  p rob lema t i c  group. I t  appears t hey  have 
no obvious r e l a t i o n s h i p  w i t h  any o t h e r  A f r i c a n  group b u t  a re  more c l o s e l y  
r e l a t e d  t o  some Euras ian and e s p e c i a l l y  I n d i a n  mice spec ies .  I t  has been 
suggested t h a t  Mus m ig ra ted  f rom Euras ia  independent l y  o f  t h e  o r i g i n a l  pa ren t  
s t ock  o f  t h e  o t h e r  A f r i c a n  Muridae, p robab ly  a t  a  l a t e r  da te .  

T rapp ing  i n  t h e  Ka ra l  area near  Lake Chad has y i e l d e d  two fornis o f  Mus, one 
which i s  o b v i o u s l y  M. muscu7us (F i g .  11). The o t h e r  p robab l y  i s  M. m inu to ides  
o r  a  r e l a t e d  pygmy mouse, M. haussa. Mus musculus i s  an i n t r o d u c e d  spec ies,  
adding t o  an a l r eady  confused p i c t u r e  w i t h  t h e  ind igenous  spec ies .  

House mice a re  g e n e r a l l y  though t  
t o  be c l ose  commensals o f  man, 
l i v i n g  i n  human h a b i t a t i o n s  i n  
a r i d  areas. However, i n  t h e  
success ional  a g r i c u l t u r a l  areas 
near Lake Chad, t hey  can be found 
i n  t h e  c rop  f i e l d s .  They a re  
smal l  g r e y i s h -  brown backed forms 
w i t h  l i g h t  g rey  t o  g r e y i s h - w h i t e  
b e l l i e s .  The t a i l  i s  u s u a l l y  
equal t o  o r  l o n g e r  than  t h e  head 
and body. A d u l t s  may weigh f rom 
13  t o  20 g .  I n  t h e  Ka ra l  area 
they  appear t o  breed e s s e n t i a l l y  year- round,  s i n c e  immature an imals  have been 
seen i n  each q u a r t e r  o f  t h e  yea r .  

F i g .  11 

The r e l a t e d  Mus spec ies,  e i t h e r  M. m inu to i des  o r  M. haussa, a re  appa ren t l y  
i n t e rm ixed  w i t h ,  b u t  do n o t  i n t e r b r e e d  w i t h ,  M. musculus i n  t h e  Ka ra l  area.  
The pygmy mouse, M. minu to i des  i s  a  smal l  mouse we igh ing  o n l y  4 t o  11 g, and 
w i t h  a  head and body l e n g t h  o f  55 t o  70 mm and a  t a i l  o n l y  38 t o  49 rnm, o r  
l e s s  than t he  head and body l e n g t h .  They a re  b rown i sh -co lo red  on t h e  back, 
w i t h  a wh i te  b e l l y .  Pygniy mice excavate s h o r t  burrows i n  sandy s o i l ,  q u i t e  
o f t e n  f i l l i n g  t h e  mouth o f  t he  burrow w i t h  smal l  stones when they  h i d e  i n s i d e .  
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The Hausa mouse i s  p r o b a b l y  t h e  n o r t h e r n  e q u i v a l e n t  o f  t h e  pygmy mouse, found 
i n  t h e  Sahel savanna zones f rom n o r t h e r n  Guinea t o  t h e  Sudan. They a r e  v e r y  
sma l l  mice,  w i t h  a  head and body l e n g t h  o f  o n l y  48 t o  55 mm, and a  t a i l  l e n g t h  
o f  35 . to  41 mm. The back i s  sandy-co lored,  t h e  b e l l y  i s  w h i t e .  No d a t a  a r e  
a v a i  1 a b l e  on t h e i r  r e p r o d u c t i o n .  

A key t o  t h e  Mus spec ies  1 i k e l y  t o  found i n  t h e  Chadia'n Sahel and e s p e c i a l l y  
around Lake Chad i s  g i v e n  i n  Tab le  1. 

T a b l e  1. Key t o  Mus spec ies  i n  t h e  Chadian Sahel ( f r o m  Happold 1987). 

1. Dorsa l  p e l a g e  l i g h t  t o  d a r k  brownish-gray;  v e n t r a l  pe lage g r a y  o r  
g r a y i s h - w h i t e ;  HBL about 85 mm, we igh t  13-20 g; can be commensal w i t h  
man i n  v i l l a g e s  and towns b u t  a1 so occurs  i n  c rop1 ands. 

Mus musculus 
Dorsa l  pe lage sandy t o  rufous-brown; v e n t r a l  pe lage  p u r e  w h i t e ;  HBL 

.................... 50-70 mm; w e i g h t  6-10 g; Sahe l ian  c rop lands  2 

2. HBL 48-55 mm; s k u l l  l e n g t h  15-17 mm; d o r s a l  p e l  age sandy-brown o r  
sandy; Sahel savanna zone .......................... Mus haussa 

HBL 55-70 mm; s k u l l  l e n g t h  a t  l e a s t  17 mm; d o r s a l  pe lage  go lden-  
brown t o  ru fous-brown;  Sahel savanna zone and a d j o i n i n g  more s o u t h e r l y  
areas ............................................. Mus minutoides 

- 1.2.7 The l e s s e r  E g y p t i a n  Jerboa, Jaculus jaculus 

Jerboas a r e  adapted f o r  l i v i n g  i n  h o t ,  d r y  h a b i t a t s ,  and a r e  w i d e l y  
d i s t r i b u t e d  th roughou t  t h e  a r i d  and s e m i a r i d  p a r t s  o f  n o r t h e r n  A f r i c a .  
Jerboas a r e  adapted f o r  l e a p i n g  a long  on t h e i r  h i n d  l e g s ;  these  l e g s  a r e  l o n g ,  
more than  h a l f  as l o n g  as t h e  r e s t  o f  t h e i r  head and body. The t a i l ,  used as 
a  counterba lance and rudder  when l e a p i n g ,  i s  e x t r e m e l y  l o n g  (a lmos t  t w i c e  t h e  
l e n g t h  o f  t h e  head and body).  The s h o r t  f o r e l i m b s  a r e  h e l d  c l o s e  t o  t h e  ches t  
and a r e  n o t  used f o r  medium and f a s t  hopping. 

T h i s  i s  a  medium-sized 
roden t ,  averag ing  about  50 
t o  60 g  i n  w e i g h t .  The head 
and body measure f rom 92  t o  
119 mm, t h e  t a i l  f rom 166 t o  
195 mm. The head i s  l a r g e  
and rounded ( F i g .  1 2 ) .  The 
d o r s a l  f u r  i s  l o n g  and 
s i l k y ,  p a l e  sandy t o  sandy- 
ru fous  i n  c o l o r ,  w h i l e  t h e  
b e l l y  f u r  i s  pure w h i t e .  
The t a i l  i s  v e r y  l o n g ,  w i t h  
t h e  bass1 two- t h i  r d s  covered 
w i t 1 1  s h o r t  sandy h a i r s ;  t h e  t e r m i n a l  t h i r d  i s  covered w i t h  l o n g  h a i r s  for-ruing 
a bt-usli. 
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Jerboas o c c u r  i n  sandy h a b i t a t s  which,  f o r  most.  o f  t h e  y e a r ,  have 1 i t t l e  
ground c o v e r  excep t  f o r  s c a t t e r e d  bushes. Je rboas  a r e  n o c t u r n a l ,  and d u r i n g  
t h e  day t h e y  l i v e  i n  burrows where t h e y  a r e  s h e l t e r e d  from h i g h  day t ime  
temperatures .  The bur row en t rance  i s  "p lugged"  w i t h  sand when t h e  j e r b o a  
l e a v e s  o r  e n t e r s  t h e  burrow. Jerboas walk,  run, and hop on t h e i r  h i n d l i m b s ,  
o f t e n  v e r y  r a p i d l y ,  u s i n g  t h e  l o n g  t a i l  as a r u d d e r  and coun te rba lance .  When 
s t a n d i n g ,  t h e  body i s  suppor ted  on t h e  h i n d f e e t  and t h e  t a i l .  

Jerboas a r e  h e r b i v o r o u s  and f e e d  m a i n l y  on seeds, r o o t s ,  and b u l b s .  U n l i k e  
most g e r b i l s  i n  s i m i l a r  h a b i t a t s ,  t h e y  do n o t  s t o r e  food.  Je rboas  can s u r v i v e  
w i t h o u t  drinking because t h e y  o b t a i n  w a t e r  f r o m  s u c c u l e n t  f o o d s  and f r o m  
m e t a b o l i c  processes.  However, t h e y  need t o  conserve  w a t e r  i n  e v e r y  p o s s i b l e  
way and accompl ish  t h i s  by  p r o d u c i n g  v e r y  d r y  f e c e s  and v e r y  s m a l l  amounts o f  
c o n c e n t r a t e d  u r i n e ,  by  1 i v i n g  i n  humid bu r rows  d u r i n g  t h e  day and by 
s p e c i a l i z e d  b e h a v i o r .  

D e s p i t e  t h e  a r i d  c o n d i t i o n s ,  j e r b o a s  can b reed  i n  many months o f  t h e  y e a r ,  
p r o v i d e d  adequate f o o d  i s  a v a i l  ab le .  I n  most  l o c a l  i ti es, b r e e d i n g  occurs  
a f t e r  t h e  i r r e g u l a r  r a i n s t o r m s  when p l a n t  g r o w t h  and seed p r o d u c t i o n  a r e  good. 
There a r e  two t o  f i v e  young i n  each l i t t e r .  

1.2.8 Naked-so led g e r b i l s ,  T a t e r i l l u s  

These g e r b i l s  appear t o  be a s m a l l e r  t y p e  o f  Ta te ra .  Nowak and Parad iso  
(1983) l i s t  seven spec ies ,  a l l  o f  them found s o u t h  o f  t h e  Sahara D e s e r t  i n  
A f r i c a :  

T. g r a c i  1 i s ,  Senegal t o  N i g e r i a ,  p r o b a b l y  Cameroun 
T. pygargus,  s o u t h e r n  M a u r i t a n i a ,  Senegal, Gambi a, SW Ma1 i 
T. a r e n a r i u s ,  so. p a r t s  of  M a u r i t a n i a ,  Ma1 i, and Chad 
T. l a c u s t r i s ,  NE N i g e r i a ,  no. Cameroun, p o s s i b l y  N i g e r  and Chad 
T. cong icus ,  e a s t e r n  Cameroun t o  Sudan 
T. h a r r i n g t o n i ,  c e n t r a l  ,Sudan and e a s t e r n  C e n t r a l  A f r i c a n  Repub l i c  t o  

s o u t h e r n  Somal ia and n o r t h e a s t e r n  Tanzan ia  
T. e m i n i ,  Chad and C e n t r a l  A f r i c a n  R e p u b l i c  t o  n o r t h w e s t e r n  Kenya 
T. n i g e r i a e ,  known o n l y  f rom t h e  Jos P l a t e a u ,  i s  l i s t e d  by  Happold 

(1987).  

T a t e r i l l u s  ranges over  t h e  Sudanic savannas and 
s teppes sou th  o f  t h e  Sahara f rom Senegal t o  
E t h i o p i a ,  Somal ia,  and Kenya ( F i g .  13) .  They l i v e  
i n  open, d r y ,  and w e l l  - d r a i n e d  s o i l s  on p l a i n s ,  i n  
savanna woodland o r  i n  t h o r n  scrub.  They have 
adapted t o  t h e  secondary v e g e t a t i o n  around v i l l a g e s  
and t o  c u l t i v a t i o n .  They a r e  much l e s s  abundant 
t h a n  Ta te ra ,  b u t  t e n d  t o  be more conimon around 
savanna farmlands than  i n  u n d i s t u r b e d  woodland 
savannas, and sma l l  areas o f  a few h e c t a r e s  may 
s u p p o r t  dense p o p u l a t i o n s .  
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The HBL v a r i e s  f rom 100 t o  144 mm; t a i l  
l e n g t h  i s  140 t o  194 mm; HF 29 mm (25- 
32) ; and t h e  ea r  i s  19 mm (17-22). T. 
a r e n a r i u s  weighs 42 t o  52 g, T. g r a c i l i s  
weighs 30 t o  68 g  (Happold 1987), and T. 
emin i  weighs 51  g (9)  and 53 g  (8) 
accord ing  t o  Del  any (1975). The 
c o l o r a t i o n  above ranges f rom p a l e  
ye l l ow ,  th rough  l i g h t  b u f f y ,  c l a y  c o l o r ,  
l i g h t  r e d d i s h  brown, and tawny o l i v e  t o  
da rk  tawny brown. The s i d e s  a re  p a l e r  
and t h e  underpar ts ,  i n c l u d i n g  t h e  hands 
and f e e t ,  a r e  w h i t e  o r  a lmost  whi te .  
The head i s  s l ende r  w i t h  a  s l  i g h t l y  
p o i n t e d  nose as compared w i t h  Tatera 
(F ig .  14). A  da rk  mark runs  behind t h e  
eye t o  t h e  base o f  t h e  ear .  The eyes 
a re  p a r t i c u l a r l y  l a r g e  and t h e  ea r  

b u l l a e  somewhat sma l l e r  than  i n  most o t h e r  g e r b i l s ,  sugges t i ng  a  s l i g h t l y  
d i f f e r e n t  behav io r  p a t t e r n  f o r  t h i s  g e r b i l .  The t a i l  i s  u s u a l l y  w e l l  t u f t e d  
and d a r k e s t  toward t h e  t i p .  E x t e r n a l l y ,  t h i s  genus i s  s i m i l a r  t o  Tatera,  b u t  
i s  u s u a l l y  sma l l e r  and t h e  so les  a re  sometimes p a r t i a l l y  ha i r ed ,  n o t  
comp le te ly  naked. As i n  some Tatera,  t h e  upper  i n c i s o r s  a r e  grooved. 

Th i s  g e r b i l  l i v e s  i n  underground burrows which resemble t hose  o f  Ta te ra  
species,  b e i n g  about 50 cm deep and s i t u a t e d  on bare,  we1 1 -d ra i ned  s o i l s .  
Excavated s o i l  i s  n o t  p i l e d  up around t h e  seve ra l  en t rances ,  which a re  kep t  
c losed  w i t h  sand from w i t h i n  by t h e  occupants.  The an imal  i s  s t r i c t l y  
noc tu rna l ;  i f  excavated i n  d a y l i g h t  i t  rushes f o r  t h e  n e a r e s t  burrow and 
immediate ly  b l ocks  i t s e l f  i n  w i t h  ' e a r t h .  

I n  s t u d i e s  on a  d r y  thornbush savanna i n  n o r t h e r n  Senegal, P o u l e t  (1972, 1978) 
found T. pygargus t o  be n o c t u r n a l ,  g ran i vo rous ,  and i n s e c t i v o r o u s .  Popu la t ion  
d e n s i t y  i n  t h i s  area was c a l c u l a t e d  t o  be about  2 t o  6 animals/ha. Fo l low ing  
heavy r a i n f a l l ,  however, d e n s i t y  increased t o  as h i g h  as 180/ha. Adu l t  home 
range averaged 1100 sq. meters f o r  males and 300 sq. meters  f o r  females. The 
home range o f  an a d u l t  m,ale over lapped t h a t  o f  severa l  females.  B i r t h s  
occurred o n l y  a f t e r  r a i n s ,  i n  t h e  p e r i o d  f rom September t o  march. A female 
cou ld  have a  l i t t e r  every  s i x  weeks and she would change he r  burrow each 
l i t t e r .  The g e s t a t i o n  p e r i o d  was 3 weeks and t h e r e  were u s u a l l y  4 young per  
l i t t e r .  J u v e n i l e s  were nomadic f o r  a b r i e f  p e r i o d  and t hen  s e t t l e d  onto 
permanent home ranges by t h e  t ime  they  were 3 t o  5 months o l d .  
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The d i s t i n g u i s h i n g  f i e l d  c h a r a c t e r i s t i c s  o f  these severa l  rodents  are  g i v e n  i n  
Table 2. For A r v i c a n t h i s  these are the  speckled pelage on t h e  back and the  
t a i l  be ing  b i c o l o r e d  and sho r te r  than the  head and body. Praomys i s  
recognized from R a t t u s  by i t s  t a i l  be ing sho r te r  than t h e  head and body and 
t h e  sma l l e r  h i n d  f e e t  and ears. G e r b i l l u s  andersoni i s  d i s t i n g u i s h e d  by i t s  
smal l  s ize ,  ha i red  so les  on t h e  h ind  fee t ,  ahd a t a i l  l o n g e r  than head and 
body w i t h  a dark  brush on i t s  t i p .  Jaculus i s  e a s i l y  recognized by  i t s  very 
l o n g  h i n d  legs, a t a i l  almost tw ice  t h e  head and body length ,  and t h e  h a i r y  
h i n d  f e e t  w i th  o n l y  3 toes. Tatera i s  a f a i r l y  robust ,  medium-sized rodent  
w i t h  smal l  ears and a naked; b i co lo red  t a i l  w i t h  a ve ry  smal l  brush a t  i t s  
t i p .  T a t e r i l l u s  i s  a smal ler,  s lender vers ion  o f  Tatera. Other  rodents may 
be encountered t h a t  a re  n o t  inc luded i n  Table 2. To i d e n t i f y  these, t he  f i e l d  
worker should use one o f  t h e  mammal o r  rodent guides f o r  t h e  West A f r i c a n  
reg ion  l i s t e d  i n  t h e  References sect ion.  

Character A. a l lo t  lcus P. a t r l e n s l s  t . ~ d e r s o n l  J. jrurlus 1 .  tPbustr 1rCeril  Ius sp. 

Color back speckled yellow and 
black. bel ly  gray to 
white 

Toes 5 hind. 4 fore 

Soles naked 

Tat l  color b t c o l o d  

back gray ish-brow, 
be l l y  pale gray 

back l tgh t  sandy brown, 
bel ly  whtte 

back brownish-orange, 
be l l y  whtte 

back sandy-gray to 
randy-orange, 
be l l y  whtte 

back sandy yellow to 
l tght  reddish brown, 
bel ly  d i t e  

5 htnd. 4 f o m  

naked 

not b l c o l o d  

5 hind. 4 fore 

hat& 

3 htnd. 4 fore 

h a t d  

5 htnd, 4 fore 5 htnd, 4 fore 

par t ta l l y  hatred naked 

~ l t  btcolored a t  base 
brush s u l l  and dark 

not Ltcolored. large 
b ~ s h y  sepiJwhtte t l p  

b l c o l o d .  small 
dark b ~ s h y  t l p  

Llcolored. small 
dark brushy t i p  

Tat1 shorter than the body 
(120-150 ma) 

H81 145-180 rr 

HF 32- 37 a 

Ear  1 18- 22 m 

shorter than the body 
(115-135 ma) 

130-155 rr 

22- 24 an 

17 rp 

86-110 g 

longer than the body 
(105-135 a) 

75-110 la 

22- 26 rm 

13- 16.5 ma 

IS- 32 9 

longer than the body 
(166-195 rp) 

92-119 a 

55- 60 rp 

18- 21 m 

45- 60 g 

loager than the body 
(140-187 r ~ )  

110-160 a 

29-35 MI 

IS- 23 ME 

82-100 g 

longer than the body 
(140-194 a )  

100-144 an 

2. O t h e r  Small  Mammals Tha t  M i g h t  Be Seen 

2.1 Four - toed  Hedgehog, E r i n a c e u s  a l b i v e n t r i s  

Hedgehogs a r e  e a s i l y  recogn ized  by t h e  sp ines ( m o d i f i e d  h a i r s )  on t h e  back and 
f l a n k s ,  and by  t h e i r  a b i l i t y  t o  c u r l  up i n t o  a  b a l l  when d i s t u r b e d .  The f o u r -  
t o e d  hedgehog ranges r a t h e r  i n t e r m i t t e n t l y  t h r o u g h o u t  t h e  savanna and semi-  
a r i d  zones o f  t h e  n o r t h e r n  ha1 f o f  A f r i c a  f rom Senegal t o  Somal i a  and 
Tanzan ia .  A d a r k e r ,  f i v e - t o e d  spec ies ,  E. f r o n t a 7 i s ,  r e p l a c e s  i t  i n  sou the rn  
A f r i c a ,  and a n o t h e r  s l  i g h t l y  1  a r g e r  spec ies ,  E.  a l g i r u s ,  i s  d i s t r i b u t e d  a l o n g  
t h e  A f r i c a n  shores o f  t h e  Med i te r ranean .  

Hedgehogs are  r a t h e r  l a r g e  as compared t o  r a t s ,  w e i g h i n g  f r o m  250 t o  700 g .  
The head and body l e n g t h  i s  170 t o  230 mm and t h e  t a i l  measures o n l y  20 t o  50 
mm. The back o f  t h e  neck,  back, and f l a n k s  a r e  covered  w i t h  d a r k  sp ines  w i t h  
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pa le  t i p s .  The face  i s  po in ted ,  w i t h  b l ack  eyes and dark,  f a i r l y  l a r g e  ears.  
White pe lage occurs on t h e  forehead and extends backward above each eye, 
across t h e  cheeks below t h e  ears,  and on t o  t h e  neck, l owe r  f lanks  and t h e  
b e l l y  (F ig .  15). Hedgehogs c u r l  i n t o  a  b a l l  when d i s t r u b e d  t o  p r o t e c t  t h e  
head and v e n t r a l  sur faces.  

Hedgehogs a re  noc tu rna l  and 
so l  i t a r y .  They seem conserva- 
t i v e l y  a t t ached  t o  a  ve ry  smal l  
home range, p rov ided  i t  s u p p l i e s  
them wi th  an abundance o f  qround- 
d w e l l i n g  i n s e c t s  and o t h e r w i n -  
ve r t eb ra tes .  They u s u a l l y  l i v e  i n  
grassy areas and l i g h t  undergrowth 
where t hev  hunt  f o r  i nsec t s ,  
earthworms, grubs, s n a i l s  and 
s lugs,  and any o t h e r  animal food, 
such as eggs and g round-nes t ing  
b i r d s ,  smal l  mammal s, f r o g s ,  
r e p t i l e s ,  and crabs,  which can be 
obtained. Hedgehogs w i l l  e a t  one- 
t h i r d  o f  t h e i r  body we igh t  i n  one 
n i g h t .  Hedgehogs seen1 t o  need d r y  s h e l t e r s  and a re  n o t  found i n  water logged 
coun t r y  o r  f o r e s t .  Two t o  f o u r  young a re  born i n  a  l i t t e r  and no s e t  breeding 
season i s  seen. The g e s t a t i o n  p e r i o d  i s  30 t o  40 days. The young a re  born i n  
a  nest .  

2.2 A f r i c a n  G ian t  Shrew, Crocidura flavescens 

The A f r i c a n  g i a n t  shrew i s  a  medium-sized, r a t - l i k e  animal i n  appearance b u t  
i s  no t  a  roden t  ( F i g .  14) .  Shrews are i n s e c t i v o r e s ,  w i t h  a  mouth fu l  o f  sharp 
t e e t h  made f o r  chewing and g r i n d i n g  i nsec t s  and o t h e r  i n v e r t e b r a t e s  i n t o  t i n y  
p ieces.  The A f r i c a n  g i a n t  shrew may be found l i v i n g  i n  and around houses. 
Shrews a re  a c t i v e  mammals, g i v i n g  t h e  impression t hey  a re  always i n v e s t i g a t i n g  
t h e i r  sur roundings w i t h  t h e i r  l o n g  mobi le noses. They feed throughout  t he  day 
and n i g h t ,  e a t i n g  up t o  t h e i r  own body weight  i n  food every 2 4  hours.  Shrews 
are r a r e l y  seen because o f  t h e i r  s e c r e t i v e  h a b i t s .  

A f r i c a n  g i a n t  shrews a re  one o f  
t he  l a r g e s t  shrews found i n  
A f r i c a ;  t h e i r  head and body l e n g t h  
averages 130 mm, t he  t a i l  measures 
85 t o  100 mm. The body we igh t  
va r i es  f rom 30 t o  80 g, averaging 
about 50 g. The back and b e l l y  
are covered w i t h  a  f i n d  pa le  grey 
pelage. The t a i l  i s  t h i c k  a t  i t s  
base, t a p e r i n g  towards t he  t i p .  
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Very s t rong  musky secre t ions  g i ve  the  shrew a  d i s t i n c t i v e  and r a t h e r  
unpleasant smel l .  The head i s  l a r g e  and heavy, f l a t  i n  p r o f i l e .  

Th is  shrew i s  a  commensal o f  man and i s  found i n  many h a b i t a t s  i n c l u d i n g  
houses, food s to res ,  banana p lan ta t ions ,  and farmlands as w e l l  as r i v e r i n e  
hab i ta t s .  It i s  probable t h a t  t h e i r  numbers and range have increased as more 
man-made h a b i t a t s  have become avai 1 able. A f r i c a n  g i a n t  shrews a r e  probab ly  
very  successfu l  p redators  and scavengers, and a r e  remarkably f i e r c e  f o r  t h e i r  
s ize.  T h e i r  d i e t  i nc ludes  .small mammals, b i rds,  mol luscs, and m i l l i pedes .  
Young animals have been c o l l e c t e d  i n  most months o f  t h e  year,  i n d i c a t i n g  t h a t  
t h e r e  i s  no c l e a r l y  de f i ned  breeding season. 

3. Basic  c h a r a c t e r i s t i c s  o f  Sahel ian rodents 

Happold (1987), i n  h i s  "The Mammals o f  Niger ia" ,  says "Mammals o f  t h e  Sahel 
savanna experience a  ve ry  severe environment charac ter ized by h i g h  dayt ime 
temperatures, coo l  o r  c o l d  n igh ts ,  h igh  i nso la t i on ,  l ow  unp red ic tab le  
r a i n f a l l ,  and l ow  p l a n t  p r o d u c t i v i t y .  For a l l  species, t h e  problems o f  
o b t a i n i n g  adequate water  and food, and main ta in ing  t h e  body temperature a t .  a  
constant  l e v e l  i n  s p i t e  o f  t he  w ide ly  f l u c t u a t i n g  ambient temperature, 
determine a l l  aspects o f  t h e i r  ecology and behaviuor." He cha rac te r i zes  t h e  
smal l  mammal s  o f  t h e  Sahel as fo l lows:  

"(1) Popu la t ion  numbers o f  small mammals f l u c t u a t e  g r e a t l y  f rom ve ry  low 
numbers d u r i n g  drought  t o  h igh  numbers a f t e r  good r a i n  and when food i u s  
p l e n t i f u l .  

" (2)  A l l  smal l  mammals are nocturnal  ;" (except A. niloticus, which may 
come out  d u r i n g  t h e  coo le r  p a r t s  o f  the daytime) "du r ing  the heat o f  the  
day, they remain i n  burrows, hol low trees, caves, and o t h e r  mic ro-  
h a b i t a t s  which are comparat ively cool and m o i s t . "  

" ( 3 )  E f f i c i e n t  conservat ion o f  body f l u i d s  i s  e s s e n t i a l  f o r  s u r v i v a l .  
A l l  mamnials combine a  number o f  ~iiethods t o  ensure t h a t  t he  1  i n i i t ed  water 
i n  t h e i r  food i s  n o t  wasted. These inc lude the  p roduc t i on  o f  d r y  faeces 
and very smal l  volumes o f  concentrated ur ine ,  t he  s e l e c t i o n  o f  foods 
which c o n t a i n  r e l a t i v e l y  h igh  amounts o f  water,  t h e  product ion  o f  
metabol ic  water,  and the  minimal use o f  water f o r  evapora t ive  coo l i ng . "  

" ( 4 )  Reproduct ion occurs on ly  when food and water are p l e n t i f u l .  
Consequently, several  years o f  drought can mean the cessat ion  o f  
reproduct ion  f o r  several years, and there fore  a  dramat ic  f a l l  i n  
popul a t  i on numbers. " 

Hanney (1975) says o f  dese r t  rodents: "The three main problems f a c i n g  the  
dese r t -dwe l l e r  concern shortage o f  water, lack  o f  food and extremes o f  
temperature." To avoid shortages o f  water he l i s t s  several  c h a r a c t e r i s t i c s  o f  
deser t  rodents:  e a t i n g  succulent vegetat ion f o r  i t s  s to red  reserves o f  water ,  
l i v i n g  on metabol ic  water  from the ox ida t ion  o f  carbohydrates, e x c r e t i n g  very 
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concentrated u r i ne ,  producing very d ry  feces, and avo id ing  h i g h  p r o t e i n  d i e t s ,  
s ince  these cause an increase i n  u r i n e  excre t ion .  Lack o f  food i s  circurn- 
vented by s t o r i n g  o f  food (seeds) i n  t he  burrows, having lowered metabo l i c  
ra tes ,  and sometimes a e s t i v a t i n g  (summer sleep o r  h i b e r n a t i o n )  d u r i n g  t h e  
food-shor t  per iods .  Extremes o f  temperature a re  coped w i t h  by hav ing  f i n e  
s i l k y  f u r  f o r  b e t t e r  i n s u l a t i o n ,  by nocturnal  a c t i v i t y ,  by r e t r e a t i n g  i n t o  t h e  
burrow d u r i n g  t h e  heat  o f  t h e  day, by b lock ing  t h e  burrow opening t o  conserve 
humid cond i t i ons ,  and by having long  t a i l s  f o r  b e t t e r  heat  exchange. 

Praomys (Hastomys) , Arv i can th i s ,  and Gerbi  l7us  a re  bo th  g r a n i  vorous and 
insec t ivorous .  I n  t h e  Sahel ian area, the  herbaceous vege ta t i on  i s  " a l i v e "  
on l y  d u r i n g  t h e  r a i n y  season, and seeds are t h e  o n l y  forms o f  p l a n t  l i f e  
a v a i l a b l e  d u r i n g  t h e  l ong  d r y  season. It i s  probable t h a t  1  arge amounts o f  
these a re  s to red  i n s i d e  t h e  burrows o f  t he  g e r b i l s  d u r i n g  t h e  p r o t r a c t e d  d r y  
seasons. Arthropods a re  a l s o  eaten by the  rodents; c a t e r p i l l a r s  (du r i ng  t h e  
r a i n y  season); bee t l es  and te rm i tes  dur ing  the  d r y  seasons. Gerb i7 lus  
probably  i s  more i nsec t i vo rous  than Praomys, which i n  t u r n  i s  more 
i nsec t i vo rous  than A r v i c a n t h i s .  

The main cause o f  m o r t a l i t y  i n  a l l  species o f  Sahel ian rodents  i s  predators,  
such as foxes, j acka l s ,  genets, owls, and o t h e r  b i r d s  o f  prey. Annual 
m o r t a l i t y  i n  A r v i c a n t h i s  and Praomys i s  high; r a r e l y  would animals l i v e  f o r  
one year,  and f o r  most, t h e  l i f e  span i s  8 months o r  l ess .  M o r t a l i t y  r a t e s  
may r u n  as h i g h  as 50% pe r  month i n  these species a t  t imes o f  peak dens i t i es .  
A t  peak d e n s i t i e s  t h e  main cause o f  deaths i s  disease and pa ras i t es .  
M o r t a l i t y  produced by p reda t i on  i s  con t inua l  b u t  i t s  i n t e n s i t y  may va ry  
accord ing t o  t h e  d e n s i t y  o f  t h e  rodent populat ions;  whereas m o r t a l i t y  due t o  
e p i z o o t i c s  i s  connected w i t h  outbreaks and ac ts  q u i c k l y  b u t  o n l y  t empora r i l y .  

A r v i c a n t h i s  and Praomys, because o f  t h e i r  a b i l i t y  t o  produce l a r g e  numbers o f  
young i n  each l i t t e r  when p l a n t  foods are abundant and n u t r i t i o u s ,  have the  
c a p a b i l i t i e s  o f  q u i c k l y  reaching outbreak propor t ions .  Th is  occurs ma in ly  i n  
t he  absence o f  s i g n i f i c a n t  predat ion.  Fol lowing severa l  years o f  t he  rodent  
popu la t ions  being very  low, predators tend t o  move on, d i e  from s t a r v a t i o n ,  o r  
r e s o r t  t o  o the r  types o f  prey ( insec ts ,  l i z a r d s ,  e t c . )  t o  su rv i ve .  Pest 
rodents can q u i c k l y  breed and reach outbreak numbers be fore  p redators  can 
respond, s ince  predators  gene ra l l y  breed much slower. What few predators  a re  
around when rodents become super-abundant have an easy t ime o f  ca t ch ing  r a t s  
and q u i c k l y  g l u t  themselves. Rodent populat ions are u s u a l l y  "c rash ing"  
( r a p i d l y  decreasing back t o  t h e i r  previous low l e v e l s )  l ong  be fo re  predators 
can cause a  s i g n i f i c a n t  impact on t h e i r  numbers. 



2. COLLECTION AND PRESERVATION OF RODENT SPECIMENS* 

2.1 Methods o f  C o l l  e c t i  on 

(1) Snap Traps 

The most success fu l  t r a p  f o r  ca t ch ing  smal l  rodents  and i n s e c t i v o r e s  i s  t h e  
snap t r ap .  These t r a p s  a re  g e n e r a l l y  s o l d  commercial ly i n  mouse-trap and r a t -  
t r a p  s izes .  The l a r g e r ,  more power fu l  r a t - t r a p  i s  designed f o r  k i l l i n g  
mammals t h e  s i z e  o f  r a t s  and smal l  s q u i r r e l s .  Designed f o r  mammals o f  shrew 
and mouse s i ze ,  t h e  sma l l e r  mouse-trap i s  more e f f e c t i v e ,  b u t  t h e  s p r i n g  b a r  
o f  t h e  t r a p  f r e q u e n t l y  crushes t h e  s k u l l  o f  t he  specimen. 

Most c o l l e c t o r s  p r e f e r  t h e  Museum 
Specia l  t r a p  ' ( f i g  1). Th i s  t r a p  i s  
i n t e rmed ia te  i n  s i z e  between t h e  mouse- 
and r a t - t r a p  and i t  i s  designed t o  k i l l  
mammals we igh ing  up t o  50 g. Advantages 
o f  t h i s  t r a p  a re  an ex t reme ly  s e n s i t i v e  
t r i g g e r  mechanism and a  s p r i n g  ba r  
designed t o  break t h e  specimen's back 
r a t h e r  t han  c rush  t h e  s k u l l .  Equipped 
w i t h  a  weak sp r i ng ,  t h i s  t r a p  can be I 

used t o  ca t ch  smal l  mammals such as 
shrews w i t h o u t  s e r i o u s l y  damaging t he  
specimen. Snap t r a p s  should be checked 
a t  l e a s t  once each day, p r e f e r a b l y  i n  t h e  e a r l y  morning. Dead animals  
decompose r a p i d l y ,  e s p e c i a l l y  i n  t he  warm c l i m a t e  o f  Sahel A f r i c a .  I n  
t r o p i c a l  areas you may have t o  check t r a p s  more f r e q u e n t l y  as a n t s  may q u i c k l y  
e a t  specimens. 

(2)  L i v e  Traps 

L i v e  t r a p s  a r e  used t o  o b t a i n  l i v e  mammals f o r  spec ia l  
s t ud ies  i n  t h e  f i e l d  and l a b o r a t o r y .  A lso,  l i v e  t r a p s  
pe rm i t  t h e  c o l l e c t o r  t o  s e l e c t  o n l y  those mammals r e q u i r e d  
f o r  specimens and r e l e a s e  o the rs  unharmed. As some 
animal s  (e.g.  shrews) may be re1  u c t a n t  t o  en te r ,  1  i v e  
t r a p s  a re  g e n e r a l l y  n o t  as e f f e c t i v e  as snap t r aps .  To 
sample t he  smal l  mammal popu la t i on  of  an area accura te ly ,  b o t h  l i v e  cap tu re  
t r a p s  and some snap t r a p s  should be used. 

The most popu la r  t r a p s  f o r  smal l  roden ts  a re  t he  Sherman t r a p  (F ig .  2) and t he  
Na t i ona l  o r  Tomahawk t r a p .  The Sherman t r a p  i s  a  r e c t a n g u l a r  box made f rom 
aluminum o r  ga l van i zed  meta l ,  has a  spr ing- loaded t r e a d l e  wh ich  re l eases  t h e  
door when depressed. An assor t~ i ien t  o f  s i zes  and models, i n c l u d i n g  f o l d i n g  and 
non - fo l d i ng  models a re  a v a i l a b l e .  To p reven t  deaths i n  l i v e  t r a p s ,  check them 
severa l  t imes d a i l y ,  p r e f e r a b l y  e a r l y  i n  t h e  morning, mid-day, and l a t e  a f t e r -  
noon. The t r a p s  can be covered w i t h  a  p iece o f  cardboard, t r e e  branches o r  
grass leaves .  Any th ing  t h a t  w i l l  p rov ide  shade w i l l  he l p .  

* Adapted f rom D. W. Nagorsen and R. L. Peterson, Mammal C o l l  e c t o r s '  Manual , 
Royal O n t a r i o  Museum, Toronto,  Canada, 1980. 
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(3)  B a i t  

An e f f e c t i v e  b a i t  f o r  smal l  mammals t h a t  can be used i n  snap t r a p s  o r  l i v e  
t r a p s  i s  a  m i x t u r e  o f  peanut b u t t e r  and r o l l e d  oats .  Chopped nu ts ,  seeds, o r  
r a i s i n s  can be added t o  t h i s  m ix tu re .  I n  t h e  d r y  hea t  o f  Chad an e f f e c t i v e  
b a i t  has been t h e  use o f  smal l  squares o f  cardboard d ipped  i n t o  maize o r  
peanut o i l .  P l a s t i c  con ta ine rs  w i t h  screw-top l i d s  a r e  u s e f u l  f o r  c a r r y i n g  
b a i t s  when check ing t r a p s .  

( 4 )  Opera t ing  a  T r a p l i n e  ' 

To sample the.  smal l  mammals o f  an area thoroughly ,  t r a p s  shou ld  be s e t  i n  a  
v a r i e t y  o f  h a b i t a t s  (wadis, dunes, open savanna, e tc . ) .  The recommended 
procedure i s  t o  s e t  t h e  t r a p s  i n  a  " t r a p  l i n e "  a t  r e g u l a r  i n t e r v a l s  and 
rough l y  i n  a  s t r a i g h t  l i n e .  Trap s i t e s  a re  marked by t y i n g  a  p i e c e  o f  
co lo red ,  p l a s t i c  f l a g g i n g  tape  o r  s t r i p  o f  c l o t h  t o  a  t r e e  branch, shrub, o r  
clump o f  vege ta t i on .  The t o t a l  number o f  t r a p s  i n  a  1 i n e  ( u s u a l l y  25 t o  50),  
t h e  number o f  t r a p s  a t  each s i t e ,  and t he  spac ing o f  t r a p s  i s  determined by 
exper ience. To be c e r t a i n  t h a t  no t r a p s  a re  missed when check ing  a  t r a p  l i n e ,  
many c o l l e c t o r s  number t h e i r  t r a p s  i n  sequence. Permanent numbers can be 
pa in ted  on l i v e  t r a p s  and numbers can be w r i t t e n  w i t h  a  p e n c i l  o r  i n d e l i b l e  
marking pen on wooden-based snap t r aps .  

2.2 C o l l e c t i o n  o f  Data 

2.2.1 Weights and Measurements 

Mammalogists r e l y  on we igh ts  and body measurements f o r  a i d  i n  i d e n t i f y i n g  
specimens, de te rmin ing  t h e  age o f  specimens, and f o r  s t udy ing  v a r i a t i o n  
between d i f f e r e n t  popu la t i ons .  I t  i s  e s s e n t i a l  t h a t  t h e  c o l l e c t o r  r eco rd  
accurate measurements and we igh ts  be fo re  t h e  specimen i s  prepared as a  s tudy  
s k i n  o r  preserved i n  f l u i d .  Study sk ins  s h r i n k  d u r i n g  t h e i r  p r e p a r a t i o n  and 
r e l i a b l e  measurements cannot  be made f rom t h e  f i n i s h e d  s k i n .  F l u i d -p rese rved  
specimens become s t i f f  and i n f l e x i b l e  once they  have s e t  i n  t h e  f i x a t i v e  and 
are d i f f i c u l t  t o  measure accu ra te l y .  Measurements a re  always g i v e n  i n  m e t r i c  
u n i t s .  L i n e a r  measurements should be i n  m i l l  ime t res  and we igh ts  i n  grams o r  
k i lograms.  Note any abe r ran t  measurements r e s u l t i n g  f rom damaged specimens 
( t a i l  broken, ea r  t o r n ) .  

The f o l l o w i n g  a re  t h e  s tandard measurements taken by most smal l  mammal 
c o l  1  e c t o r s  (F ig .  3)  : 

Head and Body Length (HBL): s t r a i g h t  l i n e  d i s tance  f rom t h e  t i p  o f  t h e  
nose t o  t h e  beg inn ing  o f  .the f i r s t  t a i l  ve r t eb ra .  Lay t h e  animal on i t s  
back on t he  r u l e r  and measure by extending t h e  specimen, p ress ing  t h e  
body f l a t .  P u l l  t h e  body t o  i t s  f u l l  l eng th ,  measuring t o  t h e  f i r s t  
t a i l  bone. 

T a i l  (T ) :  d i s t ance  from the  base o f  t he  t a i l  t o  t h e  t i p  o f  t h e  l a s t  
ve r tebra ,  e x c l u s i v e  o f  t he  h a i r s .  With t he  animal on i t s  back, p l ace  
t he  r u l e r  a t  t he  p o i n t  where the  t a i l  j o i n s  t he  body, p u l l  t h e  t a i l  
downward and measure t o  t he  end o f  t he  l a s t  bone. 
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Hind f o o t  (HF) : d i s t a n c e  f r om 
t h e  end o f  t h e  hee l  bone t o  t h e  
end o f  t h e  c l aw  on t h e  l o n g e s t  
toe.  S t r e t c h  t h e  t o e s  and 
measure f r om t h e  hee l  t o  t h e  
l o n g e s t  l e n g t h  o f  t h e  c laws .  

Ear  l e n g t h  (E): d i s t a n c e  f rom 
t h e  base o f  t h e  n o t c h  o f  t h e  
l owes t  p a r t  o f  t h e  e a r  t o  t h e  
uppermost marg in  o f  t h e  ear .  

Specimens should  be weighed p romp t l y  
and b e f o r e  p repa r i ng .  A h i g h  q u a l i t y  
s p r i n g  ba lance f o r  we igh ing  sma l l  
mammals i s  t h e  Pesola  sca le .  These 
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come i n  a  v a r i e t y  o f  s i z e s  f o r  we igh ing  smal l  mammals a l l  t h e  way f r om 25 g  up 
t o  30 kg. For  most smal l  mammals, t h e  100 t o  500 g  s i zes  a r e  bes t .  

2.2.2 De te rm in i ng  t h e  Sex o f  Small Mammals 

The e x t e r n a l  g e n i t a l  i a  o f  t h e  male 
u s u a l l y  can be d i s t i n g u i s h e d  f r om those 
o f  t h e  female by  l a r g e r  s i z e  and t h e i r  
p o s i t i o n  r e l a t i v e  t o  t h e  anus. Most 
males have a  p rominen t  p e n i s  (F i g .  4 ) ,  
b u t  some smal l  mammal s, p a r t i c u l  a r l y  
shrews, have t h e  p e n i s  r e t r a c t e d  i n t o  a  
sheath o r  t u b u l a r  f o l d  o f  s k i n  d u r i n g  
t h e  i n t e r v a l s  between t h e  b reed ing  
seasons. Wi th  a  f i n e ,  p o i n t e d  fo rceps ,  
i t  i s  u s u a l l y  p o s s i b l e  t o  p r o t r u d e  t h e  
pen is  f rom i t s  sheath.  

I n  most a d u l t  males, t h e  t e s t e s  occur  
o u t s i d e  t h e  abdominal c a v i t y .  When t h e  
t e s t e s  occur  o u t s i d e  t h e  abdomen, they  
a re  u s u a l l y  s i t u a t e d  i n  a  scrotum. 
Testes may remain permanent ly  i n  t h e  
scrotum (as i n  p r ima tes ,  dogs) o r  t hey  
may be i n t r a -abdom ina l  d u r i n g  t h e  non- 
b reed ing  season (as i n  most r o d e n t s ) .  
I n  shrews t h e  t e s t e s  a r e  n o t  i n  a  
scrotum, and a l t hough  t h e y  a re  o u t s i d e  
t h e  abdominal c a v i t y ,  they  remain under t h e  s k i n  i n  t h e  i n g u i n a l  r e g i o n  

SCROTAL MALES moonrwL 

IMMATURE 

The ex te rna l  g e n i t a l i a  o f  females c o n s i s t s  o f  a  vag ina l  opening and t e a t s  o r  
n i p p l e s ,  which d u r i n g  t h e  b reed ing  season may be en larged.  The number and 
p o s i t i o n  o f  t h e  t e a t s  v a r y  g r e a t l y  i n  d i f f e r e n t  spec ies.  Rodents have t h e  
t e a t s  u s u a l l y  s i t u a t e d  i n  p a r a l l e l  rows along t h e  v e n t r a l  s u r f a c e  o f  t h e  chest  
and abdomen. 
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I n t e r n a l  Reproduc t i ve  Organs 

The aninial shou ld  be necrops ied  a f t e r  t h e  s k i n  has been removed, i f  t h e  
specimen i s  t o  be prepared as a  s tudy  sk i n .  Testes appear as w h i t i s h  o r  
creamy ye1 l ow -co lo red  ova l  organs (F ig .  5) .  Females can be d i s t i n g u i s h e d  by 
t h e  presence o f  a  u t e r u s  and o v a r i e s  (F ig .  6).  

V U  mPW 

CAUDA EPlOlOYMlS 

F i g .  5 

Notes on t h e  c o n d i t i o n  o f  t h e  r e p r o d u c t i v e  organs p r o v i d e  impo r tan t  b i o l o g i c a l  
da ta .  The l e n g t h  and t i m e  o f  t h e  yea r  o f  t h e  breeding season, l i t t e r  s i z e ,  
numbers o f  l i t t e r s  p e r  yea r ,  and t h e  age a t  sexual m a t u r i t y  can be determined 
f o r  a  p a r t i c u l a r  spec ies  f rom these  data.  

Males: C r i t e r i a  used t o  d i s t i n g u i s h  breeding males a re  t h e  s i z e  o f  t h e  t e s t e s  
and t h e  s i z e  o f  t h e  t u b u l e s  i n  t h e  cauda ep id idymis .  Measure t h e  l e n g t h  and 
w i d t h  o f  t h e  t e s t e s  i n  mm. See i f  t h e  tubu les  o f  t h e  cauda ep id idymis  a r e  
v i s i b l e  t o  t h e  naked eye; i f  t hey  are,  they appear swo l len  and u s u a l l y  c o n t a i n  
sperm. However, i f  t h e y  a re  n o t  v i s i b l e ,  they  a re  p robab ly  v o i d  o f  sperm. 

Females: Breeding females may be pregnant,  l a c t a t i n g ,  o r  bo th .  C r i t e r i a  used 
t o  diagnose t h e  b reed ing  c o n d i t i o n  o f  females a re  t h e  c o n d i t i o n  o f  t h e  vag ina,  
presence o r  absence o f  v i s i b l e  embryos, presence o r  absence o f  p l a c e n t a l  
scars,  and t h e  c o n d i t i o n  o f  t h e  mammary g lands.  

Vagina: The vag ina  o f  t h e  females i s  u s u a l l y  sealed ( i m p e r f o r a t e )  by a  
membrane u n t i l  puber ty ,  which i n  most small roden ts  occurs  anywhere f rom 42 t o  
70 days a f t e r  b i r t h .  A t  t h e  t ime  o f  puber ty ,  t h e  vag ina l  o r i f i c e  opens and i n  
most r oden t s  remains open, descr ibed  as p e r f o r a t e .  

1-acta t ion:  L a c t a t i o n  i s  d e f i n e d  as t he  sec re t i on  o f  m i l k .  The f o l l o w i n g  a re  
used as evidence t h a t  a  female i s  l a c t a t i n g :  (1) female i s  observed n u r s i n g  
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young, ( 2 )  m i l k  can be squeezed from t h e  tea ts ,  (3) heavy depos i ts  o f  mammary 
t i s s u e  t h a t  con ta in  m i l k  are present and can be seen on l y  a t  necropsy. 

Pregnancy: Pregnancy i s  de f ined as t h e  c o n d i t i o n  o f  having a  developing fetus 
o r  embryo. Females i n  1  a t e  pregnancy may have a  swol len abdomen and a t  t h i s  
stage i t  may be poss ib le  t o  de tec t  embryos by pa lpa t i ng  the  uterus.  In 
necropsi ed animal s, c a r e f u l  l y  examine the  uterus.  When examining t h e  uterus, 
i t  may be he1 p f u l  t o  d i ssec t  i t  o u t  and s t r e t c h  i t  on a  p iece o f  wh i te  board 
o r  paper. The presence o f  en~bryos i s  p o s i t i v e  evidence o f  pregnancy (F ig.  7). 
Count and measure t h e  crown-rump leng th  (CR) o f  a l l  embryos. Th is  measurement 
i s  from the  t o p  o f  t he  head t o  t h e  end o f  t he  rump, w i t h  the  embryos no t  
s t ra ightened.  I f  more than one embryo i s  present,  measure a l l  and g i v e  an 
approximation' o f  t h e i r  s i ze  (e.g. 5 embryos, CR = 16 mm). I n  smal l  mammals, 
some err~bryos may d i e  and be resorbed i n t o  t h e  u terus .  Resorbed embryos appear 
conspicuously smal le r  and underdeveloped when compared t o  t h e  normal ones. Be 
c a r e f u l  t o  d i s t i n g u i s h  any resorbed embryos when reco rd i  ng embryo counts (e. 
g. 5 normal embryos, CR = 15 mm; 2 resorbed embryos, CR = 3 mm). 

. .. 

Not pregnant One s e t  o f  Pregnant w i t h  Crown-rump (CR) 
(Nu1 1  iparous)  p lacen ta l  5 embryos (2L,3R) l e n g t h  o f  an 

scars embryo 

F i g .  7 

The u terus  should a l so  be examined f o r  t h e  presence o f  p lacenta l  scars. I n  
some mammal s  (shrews, rodents, carn ivores) ,  a f t e r  a  female g i ves  b i r t h ,  
p lacenta l  scars form a t  s i t e s  i n  t he  u t e r i n e  w a l l  where embryos were 
implanted. These scars appear as ye l l ow  t o  b lack  pigmented spots on t h e  
i n s i d e  o f  t he  u terus .  Although t h e  scars become inc reas ing l y  p a l e r  w i t h  age, 
they  may p e r s i s t  f o r  one year  i n  mice and r a t s .  General ly  the  number o f  scars 
corresponds t o  the  number o f  embryos. However, embryos t h a t  d i e  du r ing  
pregnancy w i l l  a lso  leave scars and because scars from several l i t t e r s  may be 
present,  the number o f  scars i s  no t  always a  r e l i a b l e  i n d i c a t i o n  o f  l i t t e r  
s ize .  The presence o r  absence o f  p lacen ta l  scars i s  important i n  determin ing 
the  reproduct ive  h i s t o r y  o f  the  animal. When scars are badly faded, scars 
from several l i t t e r s  are present,  o r  when scars are obscured by embryos, i t  
may not  be poss ib le  t o  count them accura te ly .  I f  two ( o r  more) se ts  o f  scars 
represent ing  two ( o r  more) d i f f e r e n t  pregnancies are present ,  one se t  o f  scars 
w i l l  appear l a r g e r  than the  o ther .  A1 though i t  may be impossible t o  count a l l  
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scars,  i t  i s  impo r tan t  t o  i n d i c a t e  t h a t  two ( o r  more) se t s  o f  scars  were 
observed. 

Wi th  t h e  d a t a  ob ta i ned  from examining t he  uterus,  females can be c l a s s i f i e d  
as: n u l l i p a r o u s  - no embryos o r  p l acen ta l  scars; p r i m i ~ a r o u s  - embryos o r  one 
s e t  o f  p l a c e n t a l  scars;  m u l t i ~ a r o u s  - embryos and one ( o r  more) s e t s  o f  scars  
present,  o r  two ( o r  more) se t s  o f  p l acen ta l  scars  present .  

2.3 Methods f o r  P repa r i ng  Specimens 

Three k i n d s  o f  specimens a re  u s u a l l y  prepared from mammals: s k i n s  w i t h  
accompanying sku1 1 s  and/or p a r t i a l  ske le tons,  complete ske le tons ,  and e n t i  r e  
mammals preserved i n  f l u i d .  Each has advantages and disadvantages and t he  
k i n d  o f  specimen prepared depends upon t h e  o b j e c t i v e s  o f  t h e  c o l l e c t o r  and t h e  
l o c a l  c i rcumstances.  The c o n d i t i o n  o f  t h e  specimen w i l l  o f t e n  determine t he  
k i n d  o f  spec i~ner~  t h a t  should be prepared. L ive -cap tu red  an imals  make t he  bes t  
specimens f o r  f l u i d  p rese rva t i on ,  a f t e r  app rop r i a te  humane k i l l  i ng .  Mammals 
from snap t r a p s  can u s u a l l y  be prepared as s tudy sk i ns .  Decomposed specimens 
i n  which t h e  i n t e r n a l  organs have d e t e r i o r a t e d  and t he  f u r  i s  s l i p p i n g  are 
bes t  prepared as ske le tons .  A " s k u l l  on l yn  should be salvaged i f  t h e  
rema in ing  carcass i s  b a d l y  damaged. 

2.3.1 F l u i d  P rese rva t i on  

Because changes i n  t i s s u e s  occur  s h o r t l y  a f t e r  
death, specimens should be preserved immediately 
a f t e r  k i l l i n g .  To e f f e c t i v e l y  k i l l  srr~al l  mammals 
w i t h o u t  damaging t he  s k i n  and s k u l l ,  use an a i r t i g h t  
j a r ,  can, o r  p l a s t i c  bag w i t h  a  wad o f  c o t t o n  
c o n t a i n i n g  a  few drops o f  ch lo ro fo rm  o r  e the r .  
Avoid i n h a l i n g  these chemica ls  as they  are t o x i c  t o  
humans. E the r  and c h l o r o f o r m  are a l s o  h i g h l y  
i n f l  am~nabl e. 

The p r e p a r a t i o n  o f  e n t i r e  mammals i n  f l u i d  i nvo l ves  
two s teps:  f i x i n g  t h e  t i s s u e s  w i t h  a  s o l u t i o n  such 
as 10% fo rma l i n ,  Bouin 's  s o l u t i o n ,  o r  sodium ace ta te  
and t r a n s f e r r i n g  t he  specimen f o r  permanent s torage 
t o  a  p rese rv i ng  f l u i d ,  f o r  example, 65 t o  70% 
ethanol  o r  45  t o  60% i s o p r o p y l  a l coho l .  " F i x i n g "  
h a l t s  enzyme processes i n  t i s s u e s  and hardens o r  
" s e t s "  t h e  specimen. P rese rva t i ves  prevent  t he  
growth o f  microorganisms and a l s o  prevent  gradual 
chemical o r  p h y s i c a l  changes i n  t he  specimen's 
s t r u c t u r e .  

A f t e r  specimens have been k i l l e d ,  weighed, measured, 
and g i ven  a  number, a  f i e l d  t a g  should be t i e d  
secure ly  t o  each. I f  paper l a b e l s  are used, be 
c e r t a i n  they  w i l l  no t  d i s i n t e g r a t e  i n  the  p reserv ing  
f l u i d .  Us ing wa te rp roo f  i n k  ot- a p e n c i l ,  w r i t e  t he  
nunber and sex symbol (9 f o r  female and d f o r  male) 
on bo th  s ides  o f  t he  l a b e l .  

F ig .  8 \ 
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With  t h e  specimen on i t s  back, and w i t h  t h e  
s y r i n g e  f u l l  o f  formal  i n ,  i n s e r t  t h e  needle 
i n t o  t h e  abdomen and s l o w l y  f i l l  t h e  body 
c a v i t y  u n t i l  i t  becomes t u r g i d .  Do n o t  i n j e c t  
t o o  much f l u i d ,  b u t  be sure  t h a t  t h e  body 
c a v i t y  i s  f u l l  and f i r m .  A f t e r  i n j e c t i o n ,  t h e  
specimen i s  f i x e d  by  p l a c i n g  i t  i n  a  j a r ,  pan, 
o r  p a i l  c o n t a i n i n g  10% b u f f e r e d  n e u t r a l  
f o r m a l i n .  Care should be taken t o  keep t h e  
specimen i n  a  normal, r e l a x e d  p o s i t i o n ,  f o r  i t  
w i l l  r e t a i n  t h i s  shape permanent ly once i t  has 
been f i x e d .  A f t e r  12 t o  48 hours specimens 
a r e  f i x e d  and- t hey  may be packed more t i g h t l y  
i n  c o n t a i n e r s  f o r  s torage.  I f  specimens a re  
t o  be s t o r e d  f o r  a  l o n g  p e r i o d  b e f o r e  
shipment, t h e y  should f i r s t  be washed 
t ho rough l y  i n  f r e s h  wate r  and then  p laced  i n  
65 t o  70% e thano l  o r  45 t o  60% i s o p r o p y l  
a l coho l  . 
2.3.2 Prepar ing  Study Sk ins 

Three types  o f  s k i n s  can be prepared f o r  
museum specimens: (1)  T r a d i t i o n a l  s tudy  s k i n s  
t h a t  a r e  f i l l e d  w i t h  c o t t o n  o r  a  s i m i l a r  
m a t e r i a l  t o  approximate t h e  n a t u r a l  shape o f  
t h e  mammal . As t h e  1  eg bones a re  no rma l l y  
l e f t  i n  t h e  sk in ,  a  complete ske le ton  cannot 
be ob ta i ned  and u s u a l l y  o n l y  t h e  s k u l l  i s  
kep t .  (2 )  F l a t  sk ins ,  which c o n s i s t  o f  t h e  
s k i n  s t r e t c h e d  over  a  cardboard o u t l i n e .  For a  f l a t  sk in ,  i t  i s  p o s s i b l e  t o  
o b t a i n  a  s k u l l  and much o f  t h e  ske le ton .  (3) Tanned sk ins,  which a re  f i r s t  
d r i e d  and l a t e r  tanned f o r  permanent p rese rva t i on .  A s k u l l  and ske le ton  can 
be ob ta i ned  from a  mammal prepared as a  
tanned s k i n  w i t h  o n l y  t h e  t e rm ina l  
d i g i t s  l e f t  on t h e  s k i n .  However, as 
t a n n i n g  r e q u i r e s  s p e c i a l  chemicals and 
methods, t h i s  method w i l l  n o t  be covered 
here. 

Begin w i t h  a  m idven t ra l  i n c i s i o n  f rom 
t h e  l e v e l  o f  t h e  l a s t  r i b  t o  near t h e  
anus (F ig .  8 ) .  Always c u t  t o  one s i d e  
o f  t h e  pen is  so t h a t  t he  e x t e r n a l  
g e n i t a l i a  remain a t tached  t o  t h e  s k i n .  
To keep t he  s k i n  c l e a n  and dry ,  
cornmeal, borax, magnesium carbonate 
powder, o r  sawdust may be s p r i n k l e d  on 
t h e  s k i n  o r  p laced i n  a  sk i nn ing  t r a y  o r  
pan t o  absorb b lood  and body f l u i d s .  
Another sk i nn ing  technique i s  t o  make an 
i n c i s i o n  t h a t  extends across t he  lower  

F i g .  10 
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abdomen and down the  i n s i d e  o f  the  l e g  t o  the  heels.  
Leave the  ex te rna l  g e n i t a l i a  on the  sk in  by c u t t i n g  
between the  anus and g e n i t a l i a .  For males t h a t  have 
a  baculum i n  t h e  penis,  be c a r e f u l  no t  t o  c u t  o r  
damage t h i s  s t r u c t u r e  f o r  i t  may be an important  a i d  
i n  i d e n t i f i c a t i o n .  Wi th mammals such as mice, t he  
baculum may be l e f t  i n t a c t  i n  t h e  penis t o  d r y  on 
the  sk in .  I f  bacula s tud ies  a re  an t ic ipa ted ,  remove 
t h e  e n t i r e  penis  and s t o r e  i t  i n  100% g lycer ine ,  10% 
formal i n ,  o r  70% a1 coho1 . , For 1  arger  mammal s, t h e  
baculum should be ex t rac ted  from the  penis, tagged 
and d r i e d  w i t h  t he  sku1 1  and any ske le ta l  ma te r i a l .  
Wi th f i n g e r t i p s ,  a  sca lpe l  handle, o r  b l u n t  forceps, 
work t h e  s k i n  f r e e  o f  the  body w a l l  i n  t he  v i c i n i t y  
of t he  i n c i s i o n .  Try  n o t  t o  c u t  i n t o  t he  body 
c a v i t y .  Ho ld ing  t h e  h ind  f o o t ,  push the  knee j o i n t  
upward towards t h e  m i d l i n e  o f  the  body. Peel t he  
s k i n  o f f  t he  l e g  t o  t he  ankle, then sever t he  l e g  a t  
the  h i p  o r  knee j o i n t  w i t h  sc i sso rs  o r  a  scalpel  
(F ig.  9) .  When the  h ind  l egs  are  f ree ,  work t he  
s k i n  t o  t h e  base o f  t he  t a i l .  Use care wh i l e  
sk inn ing  around the  anus. 

I f  a  f l e s h y  t a i l  i s  present ,  s l i p  i t  ou t  o f  t he  s k i n  
and l a t e r  rep lace  i t  w i t h  a  wrapped wire.  R o l l i n g  
t h e  t a i l  on a  t a b l e  t o p  o r  sk inn ing  board w i l l  he lp  
loosen the  connect ive t i s s u e  t h a t  at taches the  t a i l  
ver tebrae t o  t he  t a i l  sheath. For shrews, mice, and 
o t h e r  smal l  specimens grasp t h e  t a i l  a t  the  base o f  
the  sheath w i t h  the  thumb and index f i nge r  (F ig .  10) o f  one hand. Press t h e  
thumb- and f i n g e r - n a i l s  f i r m l y  against  the  t a i l  ver tebrae.  Then w i t h  t he  
o t h e r  hand, s l ow ly  p u l l  the  t a i l  
ver tebrae u n t i l  they are f r e e  o f  t he  
sk in .  I f  the  t a i l  ver tebrae  break o f f  
i n  t he  t a i l  sheath, you must s p l i t  the 
s k i n  o f  t he  t a i l  and remove t h e  
ver tebrae.  A f t e r  i n s e r t i n g  a  t a i l  w i re,  
the  i n c i s i o n  should be sewn w i t h  a  f i ne  
needle and thread.  For mammals l a r g e r  
than a  s q u i r r e l ,  i t  i s  u s u a l l y  necessary 
t o  s p l i t  the  t a i l  by l o n g i t u d i n a l  
i n c i s i o n  i n  o rder  t o  remove t h e  
ver tebrae.  

With the t a i l  f r e e ,  the  s k i n  can now be 
peeled back t o  the reg ion  o f  the f r o n t  
l egs  (F ig .  11) .  Do n o t  p u l l  the  s k i n  
o f f  the body, as t h i s  w i l l  r e s u l t  i n  an 
overs t re tched study s k i n .  A recommended 
method i s  t o  use one hand t o  g e n t l y  push 

-- 

the  s k i n  o f f  the body and w i t h  the 
scalpel  he ld  i n  the o ther  hand, sever any connect ive t i s s u e  h o l d i n g  the  s k i n  

'2 -2' 
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t o  t h e  carcass. Remove t h e  s k i n  f rom t h e  f r o n t  l e g s  down t o  t h e  ank le .  Wi th  
sc i sso rs  o r  s c a l p e l ,  c u t  t h e  f r o n t  l e g s  a t  t he  shoulder  j o i n t  (F ig .  12).  Peel 
t h e  s k i n  over  t h e  ches t  area t o  t h e  base o f  t h e  s k u l l .  

F i g .  17 

Probably  t h e  most d i f f i c u l t  s tage o f  t h e  sk i nn ing  ope ra t i on  i s  t o  remove t h e  
s k i n  f rom t h e  head r e g i o n  w i t h o u t  damaging t h e  ears,  eye l i ds ,  l i p s ,  and s k u l l .  
Use a  sharp s c a l p e l  f o r  s k i n n i n g  t h e  head reg ion .  C a r e f u l l y  work t h e  s k i n  
over  t h e  head u n t i l  you reach t h e  c a r t i l a g i n o u s  bases o f  t he  e a r s  (F ig .  13). 
P i c k  away any f a t t y  t i s s u e  t h a t  may obscure t h e  ea r  c a r t i l a g e  and sever  t h e  
c a r t i l a g e  a t  t h e  base o f  t h e  ear .  Cont inue t o  peel  t he  s k i n  ove r  t h e  head 
u n t i l  t he  eyes a r e  exposed. Wi th  t h e  s k i n  h e l d  away f rom t h e  head, c u t  t h e  
membrane t h a t  covers  t h e  eyes (F ig .  14). The s k i n  should be s t i l l  a t t ached  i n  
t he  eye r e g i o n  a t  t h e  f r o n t  co rne r  o f  t h e  e y e l i d .  C a r e f u l l y  c u t  t h i s  
at tachment w i t h  y o u r  s c a l p e l  b u t  avo id  c u t t i n g  i n t o  t h e  e y e l i d ,  as t h e  s k i n  o f  
t h e  eye r e g i o n  w i l l  t e a r  when t h e  s k i n  i s  s t u f f e d .  Work t h e  s k i n  t o  t h e  l i p s  
and sever t h e  connec t i ve  t i s s u e  t h a t  a t taches  t he  l i p s  t o  t h e  s k u l l .  F i n a l l y ,  
peel t h e  s k i n  f o rwa rd  u n t i l  i t  i s  a t tached t o  t he  body o n l y  a t  t h e  t i p  o f  t h e  
nose. Cut t h e  nasa l  c a r t i l a g e  be ing  c a r e f u l  n o t  t o  c u t  i n t o  t h e  nasa l  bones 
o f  t he  s k u l l  ( F i g .  1 5 ) .  

Once t he  s k i n  i s  removed, d i s s e c t  t h e  carcass f o r  r ep roduc t i ve  data,  t hen  
d i r e c t  your  a t t e n t i o n  t o  t he  sk i n .  Remove a l l  f a t  and excess f l e s h  f rom the  
sk i n .  To a c c e l e r a t e  d r y i n g  and i n h i b i t  i n s e c t  damage, r u b  a  d r y i n g  agent i n t o  
t he  f l e s h  s i d e  o f  t h e  s k i n .  Mag~iesiuni carbonate i s  recommended f o r  s tudy  
sk ins  and f l a t  sk i ns .  Borax can a l so  be used as a  d r y i n g  agen t -p rese rva t i ve .  

' A  
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For sma l l e r  mammals, f a t  and f l e s h  can be p icked  o f f  t h e  s k i n  w i t h  t h e  
f i n g e r s ;  however, i t  may be necessary t o  use a  d u l l  k n i f e  t o  remove t h i s  
m a t e r i a l  f rom 1  a rge r  mammal s. 

Remove t he  muscle t i s s u e  f rom t h e  l e g  bones w i t h  sc issors ,  sca lpe l ,  o r  fo rceps  
(F ig .  16) and r u b  t h e  bones i n  magnesium carbonate. Restore t h e  l e g s  t o  t h e i r  
approximate o r i g i n a l  shape by wrapping t h e  bones w i t h  c o t t o n  t o  r e p l a c e  t h e  
muscles. Wi th  t h e  s k i n  s t i l l  reversed, sew t h e  l i p s  t oge the r  (F ig .  17). 

F i g .  18 F ig .  19 F ig .  20 

Now t h e  s k i n  i s  ready t o  f i l l  w i t h  a  body and head made f rom a  s i n g l e  p i e c e  o f  
co t t on .  R o l l  t h e  c o t t o n  i n t o  a  smooth c y l i n d r i c a l  bundle t h a t  i s  s l i g h t l y  
l onge r  and t h i c k e r  t han  t h e  body o f  t h e  mammal (Fig.  18). Form t h e  head 
reg ion  o f  t h e  c o t t o n  f i l l e r  w i t h  a  p a i r  o f  fo rceps  by p ress ing  i n  t h e  c e n t e r  
a t  t h e  end o f  t h e  r o l l  (F i g .  19) .  Grasp t h e  two corners  on e i t h e r  s i d e  o f  t h e  
forceps, f o l d  t oge the r ,  and t ake  a  new h o l d  o f  t h e  po in ted  end and shape as a  
smooth cone (F ig .  20) .  

I F i g .  21 I 

Place t he  cone i n t o  t h e  head o f  t h e  s k i n  and reverse  t h e  s k i n  over  t h e  p o i n t s  
o f  t he  forceps (F ig .  21, 22). Ad jus t  t h e  eyes, ears,  and mouth, then  con t i nue  
t o  reverse  t h e  s k i n  s l o w l y  over  t he  c o t t o n  u n t i l  t h e  specimen i s  comp le te l y  
f i l l e d .  The l e n g t h  o f  t h e  c o t t o n  body can be trimmed w i t h  sc i sso rs  t o  f i l l  
t he  s k i n  p r o p e r l y  ( F i g .  23) .  
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Fig.  24 

I f  t h e  t a i l  ve r t eb rae  were removed, then  an a p p r o p r i a t e l y  s i z e d  w i r e  wrapped 
w i t h  c o t t o n  must be i n s e r t e d  i n t o  t h e  t a i l  f o r  suppor t  ( F i g  24) .  If 
a v a i l a b l e ,  use Monel w i re ,  as i t  w i l l  n o t  corrode. Cut t h e  w i r e  t o  a  
l e n g t h  t h a t  extend f rom t h e  t i p  o f  t h e  t a i l  t o  midway i n t o  t h e  body. A  l o o p  
a t  t h e  body end o f  t h e  w i r e  p rov ides  added s t r e n g t h  and s t a b i l  i t y  t o  t h e  
f i n i s h e d  specimen. Wrap t h i n  wisps o f  c o t t o n  t o  form a  shape s i m i l a r  t o  t h a t  
o f  t h e  o r i g i n a l  t a i l  ve r t eb rae  (F ig .  25). It may be necessary t o  mois ten t h e  
t a i l  w i r e  w i t h  s a l i v a  t o  make t h e  c o t t o n  adhere. Pad t h e  p o r t i o n  o f  t h e  
looped t a i l  w i r e  t h a t  extends beyond t h e  t a i l  i n t o  t h e  body c a v i t y  w i t h  a  t h i n  
p i ece  o f  c o t t o n  then  s t i t c h  t h e  m idven t ra l  i n c i s i o n  w i t h  a  f i n e  needle and 
t h read  (F ig .  26) and t i e  a  f i e l d  t a g  t o  t h e  h i n d  f o o t  o f  t h e  sk in .  

The nex t  s tep  i s  t o  anchor t h e  s tudy  s k i n  t o  a  s k i n n i n g  board (cardboard o r  
corkboard)  f o r  d r y i ng .  Ca re fu l  p i n n i n g  i s  t h e  key t o  a  we l l -p repared  s k i n .  
For  most mammals t h e  f r o n t  and h ind  f e e t  a re  p o s i t i o n e d  p a r a l l e l  t o  t h e  body 
and h e l d  i n  p l ace  w i t h  p i n s  through each f o o t  and a  p a i r  o f  p i n s  a t  t h e  o u t e r  
s i d e  o f  each h ind  f o o t  near  t h e  heel  (F i g .  27). Anchor t h e  t a i l  by a  p a i r  o f  
p i n s  angled across i t s  base and by one p a i r  angled across t h e  t i p .  To shape 
t h e  ears  and head, use p i n s  p laced aga ins t  t h e  s ides  o f  t h e  s k i n .  

Check t o  be sure t h e  head i s  symmetr ical  and, i f  necessary,  a  t h i n  ( i n s e c t )  
p i n  may be used t o  anchor i t  i n  p lace.  The e y e l i d s  may be h e l d  open by 
p u l l i n g  through a  smal l  b i t  o f  c o t t o n  from t h e  head. A  f i n a l  check o f  t h e  
specimen should be f o l l o w e d  by c l ean ing  t h e  f u r  w i t h  a  smal l  brush (a  
too thbrush)  t o  remove d i r t  o r  d u s t  (F i g .  28). 

The p inned specimen should be a l lowed t o  d r y  thorough ly .  D ry i ng  t ime  w i l l  
va r y  cons ide rab l y  w i t h  l o c a l  cond i t i ons .  I n  ho t ,  d r y  c l  imates, s t u f f e d  s k i n s  
may d r y  i n  one day. A shaded area w i t h  good a i r  c i r c u l a t i o n  p rov ides  t h e  bes t  
c o n d i t i o n s .  Do n o t  p l ace  sk i ns  i n  d i r e c t  s u n l i g h t  as t h i s  fades t h e  h a i r  and 
i n tense  heat  may cause excess ive s h r i n k i n g  o f  sk ins.  When s k i n s  a re  d r i e d ,  
remove t h e  p i n s  and s t o r e  t h e  sk i ns  i n  cab ine t s  o r  sh ipp ing  boxes. 

F l a t  Sk ins 

F l a t  sk i ns  mounted on cardboard can be prepared f o r  such species as shrews, 
mice, s q u i r r e l s ,  and smal l  ca rn i vo res .  A method i s  recomn~ended t h a t  w i l l  
a l l o w  a  f l a t  s k i n  and an almost complete ske le ton .  
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Rather  than make a  c u t  a long t h e  m i d l i n e  
o f  t h e  abdomen, beg in  t he  c u t  a t  one 
hee l ,  c u t t i n g  th rough t h e  s k i n  a t  t h e  
back and i n n e r  s i d e  o f  t h e  leg ,  across 
t h e  base o f  t h e  t a i l  between t h e  anus 
and e x t e r n a l  g e n i t a l i a ,  and t hen  extend 
t h e  i n c i s i o n  t o  t h e  oppos i t e  heel  (F ig .  
29). Leave t h e  e x t e r n a l  g e n i t a l i a  on 
t h e  sk in .  Detach t h e  s k i n  f rom t h e  l e g s  
and c u t  through t h e  l e g  bone a t  t h e  
ank le  o f  o n l y  one l eg ;  leave  t h a t  f o o t  
on t h e  sk in .  On t h e  oppos i t e  leg ,  
detach t h e  s k i n  t o  t h e  ank le  and then 
c u t  t h e  s k i n  there .  T h i s  f o o t  i s  l e f t  
a t tached  t o  t h e  body o f  t h e  mammal as 
p a r t  o f  t h e  ske le ton .  Now remove t h e  
s k i n  f rom t h e  t a i l  and p u l l  i t  towards 
t h e  f r o n t  legs .  Do t h e  same f o r  f r o n t  
l e g s  as t h e  h i n d  l e g  - l eave  one f o o t  on 
t h e  body o f  t h e  mammal and detach t h e  
o t h e r  f o o t  w i t h  t h e  sk i n .  Remove t h e  
s k i n  f rom t h e  head r e g i o n  be ing  c a r e f u l  
n o t  t o  damage t h e  ears  o r  l i p s .  D i ssec t  
t h e  carcass f o r  r e p r o d u c t i v e  da ta .  
Clean a l l  f a t  and excess f l e s h  f rom the  
s k i n  and, t o  hasten d r y i ng ,  r u b  a  d r y i n g  
agent (borax, magnesium carbonate) i n t o  
t h e  f l e s h  s i d e  o f  t h e  sk i n .  

U n l i k e  t he  convent iona l  s tudy sk in ,  t he  
f l a t  s k i n  i s  s t r e t c h e d  on a  p i ece  o f  
cardboard o r  co r ruga ted  pasteboard. To 
prepare t h e  s t r e t c h e r ,  l a y  t h e  skin f l a t  
on t h e  board and t r a c e  i t s  ou t1  i ne .  
Shape t h e  ca rd  w i t h  sc i sso rs ,  l e a v i n g  a  
s u f f i c i e n t  arnount o f  t h e  ca rd  behind t h e  
shaped o u t l i n e  t o  suppor t  t h e  t a i l  and 
t o  pe rm i t  w r i t i n g  o f  f i e l d  da ta  (F ig .  
30). Use a  board s u f f i c i e n t l y  t h i c k  t o  
suppor t  t h e  body f u l l y .  P u l l  the  s k i n  
over  t he  s t r e t c h e r  board, be ing  ca re fu l  
n o t  t o  o v e r s t r e t c h .  For smal l  mammals, 
t h e  s k i n  i s  pu t  on t he  board, f u r  s i de  
ou t .  

"$. 
Fig .  25 

F ig .  26 

F i g .  27 

I n s e r t  a  wrapped t a i l  w i r e  f o r  suppor t  
as w i t h  conven t iona l  s tudy  sk i ns  and t i e  
t h e  h i nd  f o o t  and base o f  t he  t a i l  t o  
t h e  board w i t h  th read  ( F i g .  3 1 ) .  Heavy 
needles are r e q u i r e d  f o r  p i e r c i n g  t he  cardboard. Small p i n s  a re  used f o r  
h o l d i n g  the  f r o n t  f o o t  i n  p o s i t i o n  f o r  d r y i n g  and f o r  shaping t he  l i p s  i f  
necessary. use a  too thbrush  f o r  a  f i n a l  c l ean ing  o f  the  f u r .  T i e  t he  f i e l d  
number t o  the s t r e t c h e r  card and w r i t e  the  f i e l d  number on t he  card  i n  case 
the  tag  i s  l o s t .  
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F l a t  sk ins  d ry  q u i c k l y  and under opt imal  cond i t i ons  
they  may be s u f f i c i e n t l y  d r i e d  i n  one day. Fo l low 
t h e  precaut ions f o r  d r y i n g  study skirts, t h a t  i s ,  
keep f l a t  sk ins  ou t  o f  d i r e c t  s u n l i g h t  and p r o t e c t  
them from i n s e c t  pests. A f t e r  they  have been dr ied ,  
f l a t  sk ins  can be packed compactly i n t o  boxes f o r  
sh ipping.  

2.3.3 Preparing S k u l l s  

A f t e r  t he  study s k i n  i n  f i n i shed ,  s t a r t  work on t h e  
s k u l l .  Care should be taken t o  prevent  damage t o  
any p a r t  o f  t h e  s k u l l .  Separate t h e  s k u l l  from t h e  
carcass by sever ing a t  t h e  j o i n t  o f  t h e  s k u l l  and 
t h e  f i r s t  ver tebra.  F r a g i l e  s k u l l s  from mice and 
shrews are  d r i e d  w i thou t  any c leaning.  However, t h e  
b ra in ,  eyes, tongue, and heavy muscle l a y e r s  should 
be removed from skul 1  s  about t he  s i z e  o f  s q u i r r e l s  
o r  l a r g e r .  A  p iece o f  w i r e  w i t h  a  small hook on t h e  
end can be used t o  p i c k  t h e  b r a i n  t i s s u e  ou t  o f  t h e  
cranium, o r  t he  b r a i n  t i s s u e  can be f lushed ou t  o f  
t h e  s k u l l  w i t h  a  syr inge.  Cut t h e  muscles a t t a c h i n g  
t h e  eyes and tongue w i t h  sc i sso rs  and then p u l l  
these organs from the  s k u l l  us ing forceps. Heavy 
muscle t i s s u e  can be removed us ing  a  sca lpe l  o r  
sc issors ,  bu t  be extremely c a r e f u l  n o t  t o  damage t h e  
t h i n  processes on t h e  s k u l l .  

Thoroughly d r y  s k u l l s  i n  t h e  f i e l d .  An e f f i c i e n t  
method o f  d r y i n g  skul 1  s  i s  t o  p lace  them i n  c l o t h  
bags. Make the  bags from cheesecloth o r  o the r  
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porous mater ia ls .  Wr i te  the  f i e l d  number i n  p e n c i l  on a  heavy paper o r  
cardboard tag  and t i e  i t  t o  the  s k u l l .  The same number can be attached t o  the 
ou ts ide  o f  the bag (F ig .  3 2 ) .  Sku l l  bags can be s t rung on a  w i r e  and put  out  
i n  a  v e n t i l a t e d  p lace t o  d ry .  Ensure t h a t  skul 1s cannot be reached by animals 
t h a t  might be a t t r a c t e d  t o  them. A f t e r  s k u l l s  have completely d r i ed ,  they can  
be compactly packed f o r  sh ipping.  
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S k u l l s  may be s to red i n  10% buf fe red  neut ra l  formal in ,  
a f t e r  thorough c lean ing  o f  excess f l e s h  and a f t e r  washing 
out  t h e  b r a i n  t i ssue .  Another op t ion  i s  t o  pu t  t he  
cleaned s k u l l  i n t o  "weak" (1-2%) formal i n  and then c lean 
the  f l e s h  from i t  a f t e r  i t  f i x e s  f o r  a  week o r  10 days. 
Always ensure t h a t  a  s k u l l  tag  w i t h  the  animal's f i e l d  
number on i t  i s  t i e d  t o  the  s k u l l .  

The usual method o f  c leaning s k u l l s  a f t e r  they have d r i e d  
i s  t o  p lace  them i n t o  a  colony o f  dermestid beet les.  
These carn ivorous beet les  w i l l  remove every b i t  o f  meat, 
whether d r i e d  o r  no t ,  w i t h i n  a  mat te r  o f  days. F ig .  32 

F ix i  nq and Preserv inq F l  u ids  

Formulas f o r  p repar ing  several o f  t he  f i x a t i v e s  and preserv ing  f l u i d s  
mentioned i n  t h i s  chapter are g iven below. 

Alcohol,  e t h y l  70%: 

Bouin's f l u i d :  

Embalminq f l u i d :  

95% ethanol 
Water 

P i c r i c  acid, 
saturated aqueous soln. 750 m l  

Formal i n  (40% formaldehyde) 250 m l  
Acet ic  acid, g l a c i a l  50 m l  

Formal i n  (40% formaldehyde) 1 p a r t  
G lycer in  1  p a r t  
Phenol 1  p a r t  
Water 85 p a r t s  

Formal i n ,  10% n e u t r a l  buf fered:  Formal i n ,  (40% formaldehyde) 100 rnl 
D i s t i l l e d  water 900 rnl 
Sodium acid phosphate 4.0 g  

(NaH,PO,. H 0 )  
Anhydrous d i  s o i i  um phosphate 6 .5  g  

(Na,HPO, ) 



3. RODENTICIDES AND BAITS 

3.1 C h a r a c t e r i s t i c s  and T o x i c i t y  

Most programs t o  c o n t r o l  rodents ,  besides us ing  env i ronmenta l  management 
op t i ons ,  depend upon t h e  a p p l i c a t i o n  o f  poisons, c a l l e d  r o d e n t i c i d e s ,  
i nco rpo ra ted  i n  e i t h e r  food b a i t s ,  powder, o r  water.  These r o d e n t i c i d e s  a re  
c l a s s i f i e d  e i t h e r  as chronic ( m u l t i p l e  dose, s l ow-ac t i ng )  o r  acute ( s i n g l e  
dose, f a s t - a c t i  ng) compounds. O f  p a r t i c u l a r  impor tance a r e  t h e  an t i coagu l  a n t  
r o d e n t i c i d e s  s i n c e  these s l ow-ac t i ng  con~pounds a r e  now regarded as f i r s t -  
cho ice  r o d e n t i c i d e s  aga ins t  rodents .  Acute r o d e n t i c i d e s  s t i l l  have a p a r t  t o  
p l a y  b u t  t h e y  a r e  p r i n c i p a l l y  and most e f f e c t i v e l y  used i n  s i t u a t i o n s  
demanding a  r a p i d  r e d u c t i o n  o f  h i gh -dens i t y  r oden t  popu la t i ons .  

3.1.1 Chronic  r o d e n t i c i d e s  

The va r i ous  an t i coagu lan t  (ch ron ic )  r o d e n t i c i d e s  have a  s i m i l a r  p h y s i o l o g i c a l  
a c t i o n  i n  t h a t  t hey  d i s r u p t  t h e  mechanism t h a t  c o n t r o l s  b l o o d - c l o t t i n g  and 
cause f a t a l  i n t e r n a l  hemorrhages t o  develop. T h e i r  a c t i o n  i s  cumu la t i ve  and 
a1 1  o f  them need t o  be inges ted  over  a  p e r i o d  o f  severa l  days t o  be e f f e c t i v e .  
An t i coagu lan t s  possess two main advantages over  acu te  r o d e n t i c i d e s .  F i r s t ,  
t h e y  a re  r e a d i l y  accepted by rodents  when t hey  a re  i nc l uded  i n  b a i t  a t  l ow  
concen t ra t i ons  so t h a t  sub le tha l  dos ing and ba i t -shyness  problems do n o t  
no rma l l y  a r i s e .  Second, p r imary  and secondary po i son ing  hazards t o  non - ta rge t  
spec ies a re  reduced and i f  acc iden ta l  po ison ing  o f  man o r  an imals  does occur,  
an e f f e c t i v e  an t i do te ,  v i tanr in  K, i s  a v a i l a b l e .  Even so, t h e  utmost  ca re  ~ i i us t  
be taken  i n  t h e i r  a p p l i c a t i o n .  

There a r e  about 12 o r  so an t i coagu lan t s  i n  c u r r e n t  use i n  v a r i o u s  c o u n t r i e s  
th roughout  t h e  wor ld .  S ince t h e i r  d i s t r i b u t i o n  i s  so l i m i t e d  i n  Chad, we w i l l  
d i scuss  o n l y  th ree :  w a r f a r i n ,  chlorophacinone, and brodi facoum. 

War fa r i n  

War fa r i n  was t h e  f i r s t  an t i coagu lan t  t o  be developed as a  r o d e n t i c i d e  and i t  
has had t h e  most widespread use. War fa r in  r e q u i r e s  m u l t i p l e  doses ( u s u a l l y  a  
d a i l y  dose f o r  5 days) i n  which t o  be e f f e c t i v e .  Aga ins t  most r oden ts  i t  i s  
used a t  a  concen t ra t i on  i n  b a i t s  o f  0.025%. S ince  i t  i s  s u p p l i e d  as a  
concen t ra te  o f  0.5% w a r f a r i n  mixed w i t h  i n e r t  i n g r e d i e n t s ,  i t  i s  used as one 
p a r t  concen t ra te  t o  19 p a r t s  b a i t  i n g r e d i e n t s  t o  g i v e  t h e  c o r r e c t  f i e l d  
concen t ra t i on .  A t  t h i s  concen t ra t ion ,  each gram o f  b a i t  c o n t a i n s  0.25 mg o f  
w a r f a r i n .  The usual amount o f  w a r f a r i n  t h a t  k i l l s  roden ts  i s  1 mg/kg p e r  day 
f o r  5 days. Th i s  means t h a t  i f  a  250 g  r a t  a t e  1 g  o f  b a i t  p e r  day f o r  5  
days, t h e  po ison  should k i l l  i t ,  whereas i f  i t  a t e  5 g o f  b a i t  i n  one day i t  
probab ly  would n o t  be 1  e t h a l  . 
War fa r in ,  even though c a l l e d  a  " f i r s t  genera t ion"  an t i coagu lan t ,  remains an 
e x c e l l e n t  r o d e n t i c i d e  t o  use i n  many s i t u a t i o n s  i n v o l v i n g  p e s t  r oden ts .  I f  
b a i t i n g  s i t e s  a re  checked severa l  t imes a  week and f r e s h  w a r f a r i n  b a i t s  l a i d  
where needed, then  u s u a l l y  o n l y  two weeks o f  b a i t i n g  a re  needed t o  b r i n g  a  
roden t  p o p u l a t i o n  t o  i t s  low p o i n t .  
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Chl orophaci  none 

Chlorophacinone i s  a v a i l  ab le  as a  0.28% concent ra te  i n  m inera l  o i l ,  which i s  
d i l u t e d  t o  0.005% i n  t h e  f i n a l  b a i t  mix. Chlorophacinone i s  more t o x i c  t o  
most A f r i c a n  pes t  roden ts  than  i s  w a r f a r i n .  Since each gram o f  b a i t  con ta ins  
o n l y  0.05 mg o f  poison, i t  s t i l l  r e q u i r e s  t h a t  roden ts  e a t  t h e  b a i t s  f o r  5  
days b e f o r e  dy ing .  A1 1  an t i coagu lan t s  a c t  by t h e i r  cumul a t i v e  a c t i o n  aga ins t  
c e r t a i n  enzymes produced i n  t h e  1  i v e r .  I n  p r a c t i c e ,  an t i coagu l  an t s  a re  o f t e n  
p u t  o u t  and l e f t  i n  p l a c e  f o r  up t o  2 weeks f o r  t h e  bes t  r e s u l t s .  P a r t  of t h e  
reason f o r  t h i s  i s  t h a t  c e r t a i n  roden ts  i n  a  popu la t i on  w i l l  f i n d  t h e  b a i t s  
f i r s t  and w i l l  feed  h e a v i l y  a t  t h e  b a i t  s t a t i o n s  and sometimes keep o t h e r  
roden ts  f rom. feed ing .  Those animals excluded must q u i t e  o f t e n  w a i t  u n t i l  t h e  
more dominant animals s t a r t  d y i n g  be fo re  t hey  can feed. T h i s  may t a k e  up t o  2  
weeks f o r  a l l  an imals  t o  have access t o  t h e  b a i t s .  

B rod i  facoum 

Brodifacoum i s  t h e  most t o x i c  o f  a l l  t h e  an t i coagu lan ts .  Q u i t e  o f t e n  o n l y  one 
dose w i l l  k i l l  up t o  50 t o  60% o f  t h e  roden ts  feed ing  on i t .  Death does n o t  
t ake  p lace  any more q u i c k l y  than  w i t h  w a r f a r i n  o r  ch lorophacinone ( u s u a l l y  4  
t o  8  days a f t e r  feed ing  on t h e  po ison b a i t  begins) .  S ince so 1  i t t l e  i s  
r equ i red ,  about 0.4 mg/kg f o r  one t o  2 days w i l l  prove l e t h a l ,  t h e  po ison  has 
been used as a  once-per-week b a i t  f o r  3 weeks. Only smal l  b a i t s  ( 5  t o  15 g) 
a re  p laced o u t  b u t  t hey  a re  p u t  a t  many l o c a t i o n s .  The i dea  i s  t h a t  each t ime  
t h e  b a i t  i s  used, i t  k i l l s  a  p r o p o r t i o n  o f  t h e  popu la t ion ,  say 60%. Again t h e  
f o l l o w i n g  week, another  60% o f  t h e  s u r v i v o r s  a re  k i l l e d  (60% o f  t h e  40% 
s u r v i v o r s  = l e a v i n g  o n l y  16% o f  t h e  o r i g i n a l  popu la t i on  a1 i v e )  . I n  t h e  t h i r d  
week, 60% o f  t h e  16% s u r v i v o r s  a re  k i l l e d ,  l e a v i o g  o n l y  6% o f  t h e  o r i g i n a l  
popu la t i on  a l i v e .  A  f i n a l  b a i t i n g  would i n  a l l  l i k e l i h o o d  f i n i s h  o f f  these  6% 
s u r v i v o r s .  

3.1.2 Acute r o d e n t i c i d e s  

Among the  acute r o d e n t i c i d e s ,  o n l y  z i n c  phosphide has rece i ved  wor ld -w ide  
acceptance. T h i s  d i r t y - g r e y  powder i s  e a s i l y  mixed w i t h  broken g r a i n  b a i t s  by 
us ing  a  smal l  amount o f  vegetable o i l  (maize, groundnut, cot ton-seed,  e t c . )  t o  
coa t  t he  g r a i n  f i r s t .  The o i l  a l so  ac t s  somewhat as an a t t r a c t a n t  t o  t h e  
rodents .  Z inc  phosphide c u r r e n t l y  i s  r e g i s t e r e d  w i t h  t h e  Environmental  
P r o t e c t i o n  Agency i n  t h e  Un i t ed  S ta tes  f o r  many d i f f e r e n t  f i e l d  r oden t  
s i t u a t i o n s .  It has a  good s a f e t y  r eco rd  as f a r  as a  l a c k  o f  acc iden ta l  
p r imary  o r  secondary po ison ing  o f  non - ta rge t  animals and humans over  t he  
years.  I t  g i v e s  o f f  a  f a i n t  odor o f  phosphorous ( a  g a r l i c - l i k e  sme l l )  t h a t  i s  
u n a t t r a c t i v e  t o  most animals and humans b u t  does n o t  r epe l  roden ts .  Th i s  
coupled w i t h  i t s  d i r t y - g r e y  c o l o r  on b a i t s  g e n e r a l l y  prec ludes humans f rom 
e a t i n g  t h e  b a i t s .  Z inc  phosphide breaks down r a p i d l y  when i n  c o n t a c t  wi tah t h e  
ac ids  i n  t h e  roden ts '  stomach, r e l e a s i n g  phosphine gas. Th i s  gas i s  q u i c k l y  
absorbed through t h e  w a l l  o f  t h e  stomach i n t o  t h e  blood, a f f e c t i n g  r e s p i r a t i o n  
and ca rd iovascu la r  f u n c t i o n s .  
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Zinc phosphide genera l l y  i s  used i n  a 2% concent ra t ion  when mixed w i t h  food 
b a i t s .  In format ion o f  i t s  t o x i c i t y  t o  t he  Sahel ian rodent  species i n d i c a t e  i t  
should prov ide  exce l l en t  k i l l s  when used aga ins t  Arv ican th is ,  Praomys, 
Gerbi77us and Tatera. One p o t e n t i a l  problem w i t h  z i n c  phosphide, however, i s  
t h a t  i t  may induce bait-shyness (subsequent r e f u s a l  t o  e a t  poison b a i t s  
con ta in ing  z i n c  phosphide a f t e r  s u r v i v i n g  poisoning w i t h  sub le tha l  doses o f  
t he  m a t e r i a l )  i n  some o f  t he  rodent  species. Another problem i s  t h a t  t h e  
onset o f  poisoning symptoms make take p lace t o o  soon f o r  t he  rodent  t o  have 
consumed a l e t h a l  dose. This  leads t o  k i l l  s  o f  o n l y  60 t o  80% when the  
ma te r ia l  i s  used i n  t he  f i e l d .  General ly,  z i n c  phosphide i s  used i n  t h e  f i e l d  
t o  g i v e  a qu i ck  knock-down o f  t he  rodent  popu la t ion .  Th i s  a p p l i c a t i o n  i s  
fo l lowed w i t h  another one us ing one o f  t he  s low-ac t ing  an t icoagu lan ts  i n  a 
d i f f e r e n t  b a i t ,  s ince the re  may be bai t -shyness t o  t h e  p r e v i o u s l y  used z i n c  
phosphide b a i t  i n  the s u r v i v i n g  rodents. 

3.2 T o x i c i t y  Tes t ing  

3.2.1 LD50 determinat ions 

T o x i c i t y  i s  a r e l a t i v e  term used t o  compare t h e  poisoning power o f  one 
chemical w i t h  another. There i s  acute t o x i c i t y ,  where a chemical i s  e f f e c t i v e  
i n  a s i n g l e  dose, usua l ly ,  bu t  no t  necessar i l y ,  i n  a sho r t  t ime f o l l o w i n g  
admin i s t ra t i on .  I n  chronic t o x i c i t y  several  doses are u s u a l l y  requ i red  f o r  
t h e  chemical t o  be e f f e c t i v e  and death may n o t  occur f o r  several  days o r  
weeks. High t o x i c i t y  means t h a t  on l y  a small dose (lmg/kg body weight) i s  
e f f e c t i v e ;  low t o x i c i t y  means t h a t  h igh  doses (>100mg/kg body weight) are 
needed f o r  e f fec t iveness .  Cer ta in  f a c t o r s  can a f f e c t  t o x i c i t y :  t he  rou te  o f  
admin i s t ra t i on ,  whether in t ramuscular ,  in t ravenous,  i n t r a p e r i t o n e a l ,  
i n h a l a t i o n ,  dermal, o r  o r a l ;  t h e  age o f  t h e  animal; t h e  sex; whether s i c k  o r  
i n j u r e d ;  what type o f  c a r r i e r  i s  used; t h e  t ime o f  day; whether f as ted  o r  non- 
fasted,  t h e  ambient temperature; and t h e  amount of dose g iven.  The LD,, i s  a 
s t a t i s t i c a l  measure o f  the  t o x i c i t y  o f  a poison. LD,, means t h e  amount o f  
poison t h a t  w i l l  k i l l  50% o f  a t e s t  group o f  animals when the  dose i s  adjusted 
f o r  body weight.  

LD,, determinat ions usua l l y  are made by g i v i n g  the  ma te r ia l  by gavage (by 
syr inge and needle o r  by stomach tube) t o  a group o f  t e s t  animals. Animals 
genera l l y  are i n  a fas t i ng  c o n d i t i o n  ( f o r  4 t o  24 hours) s ince  food i n  the  
stomach can cause h i g h l y  v a r i a b l e  r e s u l t s .  Animals are assigned t o  dose 
groups by us ing  animals o f  roughly equ iva len t  weights and by us ing  random 
numbers. 

Test Resui rements 

Animal Type. Animals used w i l l  be mature and not  obv ious ly  pregnant. 
They w i l l  no t  have p rev ious l y  been exposed t o  any t o x i c a n t  and w i l l  have 
been r e c e n t l y  trapped o r  f r e s h l y  caught from a ho ld ing  colony. Extremes 
i n  animal weights should be avoided. Animals should be a l l o c a t e d  a t  
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random t o  t r ea tmen t  and c o n t r o l  ( w i t h o u t  t o x i c a n t  b u t  w i t h  c a r r i e r )  
groups. 

C a r r i e r  and volume. Unless o therw ise  spec i f i ed ,  a l l  compounds w i l l  be 
d i s s o l v e d  o r  suspended i n  maize o i l .  For  each of  t h e  an ima ls  used, a  
minimum and maximum volume range w i l l  be e s t a b l i s h e d  and no animal w i l l  
be g i v e n  a  t o t a l  volume o u t s i d e  o f  these  1  i m i t s .  Fo r  an ima ls  < 75 
grams, use 0.3 t o  1 .0  m l ;  f o r  an imals  between 75 and 300 grams, use 0.5 
t o  1.5 ml;  f o r  an imals  f rom 300 t o  1000 grams, use 1.0 t o  3.0 m l .  

Fas t i ng .  A l l  animals w i l l  be f a s t e d  a  minimum o f  4  hours  and up t o  24 
hours  t o  avo id  a d m i n i s t r a t i o n  o f  t o x i c a n t  t o  an imals  w i t h  a  f u l l  
stomach. 

Observa t ion  ~ e r i o d .  Animals w i l l  be observed f o r  14 days a f t e r  
t r ea tmen t  o r  l o n g e r  i f  necessary. 

Dosase ~ r o q r e s s i o n .  Graduated mg/kg ( m i l l i g r a m s  o f  t o x i c a n t  p e r  
k i l og rams  o f  body we igh t )  s teps a re  used. They are,  f o r  example, 2.0, 
4.0, 8.0, 16.0 ( a  2.0 p rogress ion  f a c t o r ) ;  o r  1.0, 1.6, 2.4, 3.7, 5.5, 
8.0, 12.0, 18.0 (a  1.5 p rogress ion  f a c t o r )  

Number o f  dosase l e v e l s  and animals.  Four dosage l e v e l s  w i l l  be used 
w i t h  a  minimum o f  2  animals pe r  l e v e l ;  however, t h e  number o f  an imals  
used a t  each l e v e l  must be cons tan t  and equal .  

The m a t e r i a l  t o  be t e s t e d  i s  d i sso l ved  o r  suspended i n  a  vege tab le  o i l ,  such 
as maize o i l .  D i sso l ve  o r  suspend an amount necessary t o  p r o v i d e  5 ,  10, 20 
and 401iig/kg body we igh t  o f  t h e  m a t e r i a l ,  o r  1.0, 2.0, 4.0, and 8.0 mg/kg, 
when adm in i s t e red  as a  0.5 t o  1 m l  dose. When dos ing  t h e  f i r s t  groups, use 
t h e  10 o r  20mg/kg, o r  t h e  2.0 and 4,0mg/kg l e v e l s ,  and based upon m o r t a l i t y  
r e s u l t s ,  a d j u s t  t h e  o t h e r  dos ings e i t h e r  up o r  down. 

The d i s s o l v e d  o r  suspended m a t e r i a l  i s  gavaged by u s i n g  a  1  t o  5  rr11 sy r i nge ,  
w i t h  a  b a l l  - t i p p e d  f eed ing  needle.  Depending upon body we igh t ,  determine t h e  
amount t o  be g i v e n  ( f o r  example, 1.5 m l  o f  lOmg/kg s o l u t i o n  f o r  an animal 
weigh ing 150 grams). Each r a t  i s  h e l d  w i t h  i t ' s  back a g a i n s t  t h e  e x p e r i -  
menter 's  hand, and i t ' s  neck between t he  exper imente r ' s  i ndex  and m idd le  
f i n g e r s .  The neck i s  g e n t l y  extended and t h e  mouth i s  g e n t l y  opened. The 
gavaging needle  i s  g e n t l y  i n s e r t e d  down t h e  do rsa l  su r f ace  o f  t h e  r a t ' s  
esophagus t o  a  p o i n t  below t h e  t rachea.  Care must be t aken  t o  avo id  l u n g  o r  
1  i v e r  damage o r  t o  p e r f o r a t e  t h e  i n t e s t i n e .  A f t e r  t h e  gavaging needle  i s  i n  
t h e  a p p r o p r i a t e  p o s i t i o n ,  t h e  dose o f  t h e  chemical  i s  admin is te red ,  t h e  
gavaging needle  wi thdrawn, and t h e  r a t  r e t u r n e d  t o  i t ' s  cage. 

Animals a re  checked f o r  any symptoms o f  i n t o x i c a t i o n  i n  1, 2, 3, 4, 8, and 24 
hours f o l l o w i n g  dos ing .  These symptoms cou ld  be l abo red  b r e a t h i n g ,  s lumping 
and s l u g g i s h  pos tu re ,  l y i n g  on i t ' s  s ide,  convu ls ions ,  p a r a l y s i s ,  and death.  
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A f t e r  24 hours, t he  animals should be checked d a i l y  f o r  up t o  14 days f o r  
death.  Any o t h e r  symptoms should be no ted  on t h e  t o x i c i t y  r eco rd .  
M o r t a l i t y  r e s u l t s ,  t h e  number dead o u t  o f  t h e  number dosed a t  each dose l e v e l ,  
a re  t r e a t e d  s t a t i s t i c a l l y  us i ng  t h e  method o f  Thompson and Wei l .  T h i s  i s  a  
very  s i m p l i f i e d  ve rs i on  o f  a  complex s tandard a n a l y s i s  w i t h  p r o b i t s .  When 
u s i n g  t h i s  method, i t  i s  ve ry  impor tan t  t o  keep t h e  number o f  an imals  a t  each 
dose l e v e l  equal. A  minimum o f  2  an imals  a t  each l e v e l  can be used. T h i s  
method, w i t h  i t s  95% con f idence  l e v e l s ,  p rov ides  a  rough approx imat ion  o f  t h e  
LD,,, b u t  t h i s  e s t i m a t i o n  i s  q u i t e  u s e f u l  i n  c a l c u l a t i n g  t h e  c o n c e n t r a t i o n  o f  
t h e  a c t i v e  i n g r e d i e n t  requSred i n  t h e  f i n i s h e d  b a i t  f o rmu la t i on .  The 
e s t i m a t i o n  i s  done by u s i n g  t h e  f o l l o w i n g  procedure: 

Suppose t h e  number o f  an imals  was 2  a t  each o f  4  dosage l e v e l s ,  5.0, 
10.0, 20.0, and 40.0 mg/kg. M o r t a l i t y  was 0, 1, 1, 2. 

En te r  t h e  f o l l o w i n g  d a t a  n o t a t i o n s  on to  t h e  worksheet: t h e  c o r r e c t  
va lues a re  g i ven  i n  ( ) .  

n  = t h e  number o f  animals t r e a t e d  pe r  dosage l e v e l ;  t h i s  may be 2, 3, 4, 
5, 6, o r  10. ( 2  ) .  

R = t h e  geometr ic  p rogress ion  f a c t o r  between dosages. For  t h e  example 
descr ibed  here, i t  i s  (2.0).  

K = t h e  number o f  dosage l e v e l s  minus one ( 4  - 1 = 3 ) .  
d  = l o g  cons tan t  between dosages, i e., t h e  l o g a r i t h m  o f  R (.3010 i n  ou r  

exampl e)  . 
r = a  s e t  o f  m o r t a l i t y  data.  (0,1,1,2). 
l o g  Da = t h e  l o g a r i t h m  o f  t h e  l owes t  dosage l e v e l .  ( .3162).  
f = a  f u n c t i o n  f rom Table I. (0.5) .  

"f = a  f u n c t i o n  f rom Table I. (0.70711). 
l o g  m = l o g a r i t h m  o f  t h e  LD,,. 
The general  fo rmu la  f o r  t h e  LD,, i s  l o g  m = l o g  Da + [ d  x  ( f  + l ) ]  

l o g  m = -3162 + [.3010 x  (0 .5  + l ) ]  = .3162 + .4515 = .7677 

LD,, = a n t i l o g  o f  .7677 = 8.85 mg/kg. 

Ca l cu la te  t h e  95% con f idence  1  i m i t s  f o r  t h e  example f rom t h e  formula,  
l o g  m + 2  (d  x  " f ) :  

l o g  m = .7677 
d  = .3010 " f = f rom Table I ( n  = 2 ) (K  = 3 )  = .70711 
.7677 + 2  (.3010)(.70711) = 2  x .213 = -426 
.7677 + .426 = 

1.194 .342, l o g a r i t h m s  o f  t h e  upper and l owe r  l i m i t s  

Upper l i m i t  = 13.2 mg/kg = t h e  a n t i l o g a r i t h m  o f  1.194 f rom t h e  
t a b l e  o f  common a n t i l o g a r i t h m s  
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Lower l i m i t  = 2.2 mg/kg = t h e  a n t i l o g a r i t h m  of .342 f rom t h e  
t a b l e  o f  common a n t i l o g a r i t h m s  

Thus, t h e  LD,, o f  t h e  example above i s  8.85 mg/kg w i t h  95% conf idence 
l i m i t s  f rom 2.2 t o  13.2 mg/kg. 

A1 1  t a b l e s  and worksheets necessary f o r  these c a l c u l a t i o n s  a re  g i ven  as 
appendices t o  t h i s  chap te r .  

3.2.2 Caged Animal T r i a l s  ' 

Fo l l ow ing  t h e  LD,, de te rmina t ions ,  t r i a l s  o f  t h e  t e s t  m a t e r i a l  should be 
c a r r i e d  o u t  on i n d i v i d u a l l y  caged animals. Based upon t h e  LD ,, t h e  
approximate concen t ra t i on  needed t o  p r o v i d e  0.5 t o  10 x  LD,, doses i n  1 gram 
o f  f i n i s h e d  b a i t  a re  c a l c u l a t e d  and prepared as t e s t  b a i t s .  The t e s t  m a t e r i a l  
i s  mixed i n t o  a  b a i t  f o r m u l a t i o n  t h a t  i s  p r e f e r r e d  by t h e  t e s t  animals.  Th i s  
may be maize meal, wheat meal, m i  1  l e t  meal, e tc . ,  w i t h  t h e  a d d i t i o n  o f  a  smal l  
amount o f  sugar and/or o i l .  The severa l  concen t ra t i ons  o f  t h e  t e s t  m a t e r i a l ,  
r ang ing  from 0.1% t o  2% concen t ra t i ons  i n  t h e  f i n i s h e d  b a i t s ,  a re  o f f e r e d  t o  
groups o f  10 i n d i v i d u a l l y  caged animals, 5  o f  each sex, f o r  pe r i ods  rang ing  
f rom 1 t o  4  n i gh t s ,  depending upon whether acute o r  c h r o n i c  t o x i c a n t s .  The 
m a t e r i a l s  can be g i ven  t o  t h e  animals w i t h o u t  any o t h e r  cho i ce  o f  b a i t s ,  o r  
t h e  same b a i t s ,  w i t h  and w i t h o u t  t o x i c a n t ,  can be o f f e r e d .  I f  p a i r e d  cup 
t r i a l s  a re  c a r r i e d  out ,  t h e  p o s i t i o n  o f  t h e  cups should be reversed  each 
n i g h t .  

Be fo re  t h e  t r i a l ,  a l l  animals a re  weighed t o  t h e  nea res t  0.1 gram. The day 
t h e  t r i a l  i s  s t a r t ed ,  papers a re  p laced beneath each cage t o  ca t ch  any 
s p i l l a g e  f rom t h e  cups. The amounts s p i l l e d  a re  weighed back each morning. 
The amounts o f  b a i t  eaten a re  c a l c u l a t e d  and t h e  amount o f  i n t a k e  o f  a c t i v e  
i n g r e d i e n t  a re  c a l c u l a t e d  from the  i n t a k e  and t h e  animals body we igh t .  A l l  
animals a re  observed f o r  s igns  o f  i n t o x i c a t i o n  and f o r  m o r t a l i t y  f o r  14 days 
a f t e r  s t a r t i n g  t h e  t r i a l s .  A l l  animals dy ing  a re  necrops ied  f o r  s igns  o f  
po ison ing ;  i. e.,  congested lungs,  i n t e r n a l  hemorrhage, o r  p a l e  o r  bleached 
1  i v e r .  

Based upon t h e  m o r t a l i t y  a t  each concen t ra t i on  and t h e  i n t a k e  o f  t h e  a c t i v e  
i n g r e d i e n t ,  a  concen t ra t i on  t h a t  p rov ides  100% m o r t a l i t y  and good i n t a k e  o f  
t h e  f i n i s h e d  b a i t  i s  u s u a l l y  found. Sometimes severa l  concen t ra t i ons  a re  
found t h a t  g i v e  equal r e s u l t s ;  s e l e c t  t h e  lowes t  concen t ra t i on  t h a t  w i l l  g i v e  
t h e  d e s i r e d  m o r t a l i t y .  

3.3 B a i t s  and B a i t  Preference T e s t i n g  

I n  o rde r  t o  use a  b a i t  w i t h  t h e  bes t  chance o f  g e t t i n g  roden ts  t o  feed on it, 
t e s t s  t o  determine t h e  b a i t  p re fe rences  o f  l o c a l  roden t  spec ies should be 
c a r r i e d  ou t .  A l l  commerc ia l l y -ava i l ab le  b a i t  m a t e r i a l s  should be t es ted .  
U s u a l l y  t h e  cerea l  g r a i n s  p rov ide  t h e  bes t  b a i t  m a t e r i a l s .  They a re  e a s i l y  
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mixed i n t o  f o rmu la ted  b a i t s  and a re  p r e f e r r e d  by rodents .  They a1 so have 
excel  l e n t  keeping qua1 i t i e s  when made i n t o  fo rmu la ted  b a i t s .  

One method t o  determine roden t  p re fe rences  f o r  b a i t s  i s  t o  conduct  p a i r e d  
p re fe rence  t r i a l s .  I n  p a i r e d  p re fe rence  t r i a l s  one b a i t  m a t e r i a l  i s  t e s t e d  
aga ins t  another.  U s u a l l y  a t  l e a s t  6 (10 would be b e t t e r )  i n d i v i d u a l l y - c a g e d  
animals,  3 males and 3 females, a r e  used f o r  t h e  t e s t .  These animals  should 
have been t rapped a l i v e  f rom s u i t a b l e  h a b i t a t  and brought  i n t o  t h e  l a b o r a t o r y  
p rompt ly  f rom t h e  f i e l d  t o  p reven t  any i n j u r y  o r  s t r ess ,  o r  t h e y  c o u l d  have 
been ma in ta ined  i n  a  co lony  i n  t h e  l a b o r a t o r y .  The f r e s h l y - c a p t u r e d  an imals  
a r e  r u n  f rom t h e  l i v e - c a p t u r e  t r a p s  i n t o  p l a s t i c  o r  c l o t h  bags and weighed and 
sexed. They a re  then  caged and h e l d  f o r  3 weeks b e f o r e  any t e s t i n g  i s  done t o  
exc lude any pregnant  females. A1 1  t e s t e d  animals should p r e f e r a b l y  be a d u l t s .  
Make c e r t a i n  t h a t  a l l  an imals  t o  be t e s t e d  a r e  f eed ing  no rma l l y  b e f o r e  t h e  
t e s t .  

On t h e  day o f  t h e  t e s t ,  a l l  animals a re  r u n  i n t o  p l a s t i c  o r  c l o t h  bags and 
weighed. Measured amounts (15 t o  20 g) o f  each food  t o  be t e s t e d  a re  p u t  i n t o  
food  cups and t h e  cups secured s i d e  by s i d e  a t  t h e  f r o n t  o f  t h e  cage. Papers 
a r e  p laced  below each cage t o  c a t c h  any s p i l l e d  foods. The f o l l o w i n g  morning 
t h e  food  cups a re  removed and weighed. Any s p i l l e d  foods a re  p u t  back i n t o  
t h e  p rope r  cups. The d i f f e r e n c e  between t h e  p rev ious  we igh t  and t h e  we igh t  
t h e  nex t  day equals  t h e  amount consumed. On t h e  second day o f  t h e  t e s t ,  t h e  
p o s i t i o n s  o f  t h e  cups i n  t h e  cages a re  reversed.  The t e s t  i s  g e n e r a l l y  r u n  
f o r  4 n i g h t s .  The d i f f e r e n c e s  between mean d a i l y  consumption o f  t h e  two foods 
are checked s t a t i s t i c a l l y  us i ng  t h e  "t" t e s t ,  t h e  Chi -square t e s t ,  o r  F i s h e r ' s  
Exact t e s t  can be used t o  see i f  one food was se lec ted  s t a t i c a l l y  more t imes  
than  t h e  o the r .  The p re fe rence  t e s t i n g  should be repeated seve ra l  more t imes  
us ing  d i f f e r e n t  i n d i v i d u a l s  o f  t h e  same spec ies.  

Pa i red  p re fe rence  t e s t s  can be r u n  aga ins t  a1 1  commerci a1 l y - a v a i l  a b l e  foods 
us ing  a l l  pe rmuta t ions  o f  cho ice .  O r  converse ly ,  a l l  foods can be t e s t e d  
aga ins t  what t h e  i n v e s t i g a t o r  suspects may be one o f  t h e  more p r e f e r r e d  foods, 
u s i n g  i t  as t h e  s tandard.  The f i r s t  k i n d  o f  t e s t  g i v e s  r e s u l t s  o f  t h e  k i n d  
food A  > food B  > food C > food D. The second g i ves  a  r e l a t i v e  r a n k i n g  o f  
each food compared t o  t h e  standard; foods A, B, and C > s tandard  w h i l e  food  E, 
F, and G < s tandard.  F i n a l l y ,  f rom t h e  t e s t  r e s u l t s ,  t h e  i n v e s t i g a t o r  should 
be a b l e  t o  p i c k  a  p r e f e r r e d  food w i t h  conf idence;  perhaps seve ra l  foods are 
good cho ices .  

3.3 B a i t  Formu la t ion  

The r o d e n t i c i d a l  m a t e r i a l s  a re  u s u a l l y  supp l i ed  by t h e  manufac tu re rs  as 
concentrates;  t h e  excep t i on  i s  z i n c  phosphide, which i s  s u p p l i e d  as t h e  
t e c h n i c a l  m a t e r i a l  (80 t o  96% pure, depending upon manufac tu re r ) .  Concen- 
t r a t e s  a re  l e s s  hazardous f o r  t h e  person f o r m u l a t i n g  t h e  b a i t s  t han  a re  t h e  
t e c h n i c a l l y  pure m a t e r i a l s .  An t i coagu lan ts  a re  u s u a l l y  used i n  a  1 p a r t  
concen t ra te  t o  19 p a r t s  r a t i o  w i t h  t h e  b a i t  i n g r e d i e n t s .  I f  u s i n g  z i n c  
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phosphide a t  2% i t  would be used a t  a  r a t i o  o f  1 p a r t  t o  49 p a r t s  b a i t ,  o r  if 
only  80% pure would be used a t  1 p a r t  t o  39 p a r t s  b a i t .  The b a i t  i ng red ien ts  
should be of a  medium ground meal o r  a t  l e a s t  t he  cracked o r  broken form o f  
t h e  g ra in .  Th is  i s  done t o  g e t  more surfaces f o r  t he  poison t o  adhere t o .  A  
vegetable o i l  i s  added t o  he lp  t h e  poison s t i c k  t o  the  g ra in .  The bes t  are 
maize and groundnut o i l s .  Mix t h e  o i l  w i t h  the  g r a i n  f i r s t  t o  min imize dus t  
from t h e  mix ing  operat ion,  then add t h e  poison concentrate mixed w i t h  a  l i t t l e  
o i l .  Mix t h e  i ng red ien ts  thoroughly f o r  a t  l e a s t  15 minutes. M ix ing  o f  small 
amounts o f  b a i t  can be done i n  a  bucket, bu t  i f  l a r g e r  q u a n t i t i e s  are  needed a  
b a i t  mixer  i s  requ i red .  The design o f  a  simple mixer  i s  shown i n  F ig.  1. 
This  mixer i s  made o f  ma te r i a l s  t h a t  should be e a s i l y  a t  hand and r e q u i r e  o n l y  
some simple weld ing and woodworking s k i l l s .  The mix ing  i s  bes t  done under an 
exhaust hood ' t o  c a r r y  away any dusts bu t  i f  a  hood i s  no t  a v a i l a b l e ,  mix t h e  
i ng red ien ts  outdoors i n  a  spot p ro tec ted  from the  wind. The person mix ing t h e  
b a i t  should wear a  p r o t e c t i v e  dus t  mask, disposable gloves, and c o v e r a l l s  over  
t h e i r  regu l  a r  c l  othes. 

A f t e r  mixing, 
t he  formulated 
b a i t s  are 
packaged i n t o  
u n i t s  best used 
i n  t he  f i e l d .  
For  ant icoagu- 
l a n t s  t h i s  may 
be as 1 kg 
amounts packed 
i n t o  p o l y -  
e t h y l  ene bags 
and sealed. For 
z i n c  phosphide, 
i t  niay mean 50 
kg amounts 
packed i n t o  j u t e  
bags. A l l  
r o d e n t i c i d a l  b a i t s  should be l a b e l l e d  w i t h  the name and concen t ra t i on  o f  the 
a c t i v e  i ng red ien t .  

Fig. 1. Rodent bait mixer 

Another f o rmu la t i on  o f  the b a i t s  used success fu l l y  i n  south Asia i s  t he  " b a i t  
cake." This  b a i t  i s  made from equal amounts o f  wheat f l o u r  and e i t h e r  broken 
r i c e  o r  ground maize. A vegetable o i l  i s  added a t  2% concent ra t ion .  The 
formula i s  24 p a r t s  wheat f l o u r ,  24 pa r t s  r i c e  o r  maize, 1 p a r t  o i l ,  and 1 
p a r t  z i n c  phosphide. A l l  i ngred ien ts  are mixed u n t i l  the  grey c o l o r  o f  the 
z inc  phosphide i s  thoroughly blended i n  the  mix. Then add water s low ly  t o  the 
mix ture  u n t i l  a  s t i f f  dough can be made. The dough i s  thoroughly mixed and 
put  on a  f i r m  sur face and r o l l e d  out u n t i l  approximately 2  t o  3 mm t h i c k .  
Somet'lnies adding small amounts o f  f l o u r  t o  the dough w i l l  keep i t  from 
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s t i c k i n g  t o  t h e  sur face.  A f t e r  r o l l i n g  i n t o  a  t h i n  cake, c u t  i t  i n t o  squares 
approx imate ly  2  cm i n  s i ze .  Break these a p a r t  c a r e f u l l y  and p lace  t h e  m i x t u r e  
o u t  i n t o  t h e  s u n l i g h t  f o r  a  day o r  two t o  sun-dry.  The cakes can t hen  be 
packaged as e i t h e r  100 g o r  1 kg amounts i n t o  p l a s t i c  bags, adding an 
a p p r o p r i a t e  l a b e l  o f  a c t i v e  i n g r e d i e n t s  and concen t ra t i on .  I f  an 
a n t i c o a g u l a n t  b a i t  i s  des i red,  change t h e  fo rmu la  t o  47 p a r t s  wheat f l o u r ,  47 
p a r t s  broken r i c e  o r  maize meal, 1 p a r t  o i l ,  and 5 p a r t s  a n t i c o a g u l a n t  
concen t ra te .  Mix, c u t ,  and package as above. 

Z i n c  phosphide can be recognized by i t s  d i r t y  g rey  c o l o r .  An t i coagu lan t  
concen t ra tes  u s u a l l y  collie w i t h  a  warning c o l o r  mixed i n t o  them. I f  f o r  some 
reason t h e  concent ra te  comes w i t h o u t  any warning dye, add a  sma l l  amount o f  
methylene b l u e  o r  any b lue,  green, o r  r e d  food c o l o r i n g s  t h a t  a r e  a t  hand. I f  
no dyes a r e  a v a i l  able,  add lampblack o r  f i n e l y  ground charcoa l  t o  t h e  b a i t  
m i x t u r e  as a  warning c o l o r  t o  keep humans f rom e a t i n g  t h e  b a i t s .  

3.4 S a f e t y  Precaut ions 

When f o r m u l a t i n g  b a i t s  f o r  roden t  c o n t r o l ,  always observe these s a f e t y  
p recau t ions :  

(1) M i x  b a i t s  under an exhaust hood o r  i n  t h e  open a i r  i n  a  p l a c e  p ro tec ted  
f rom t h e  wind. 

(2)  Wear a  dus t  mask and d isposab le  g loves .  Do n o t  ea t ,  smoke, o r  d r i n k  
w i t h o u t  f i r s t  washing t he  hands thorough ly .  I f  non-d isposab le  g loves  a re  
used, wash them w i t h  soap and water  a f t e r  use. I f  c o v e r a l l s  a re  
a v a i l a b l e ,  wear them over  t h e  r e g u l a r  c l o t h e s .  

(3 )  C l e a r l y  1  abel  a1 1  p o i  sons (pure  chemical s, concen t ra tes ,  and formul  a ted 
b a i t s )  should be POISON and h e l d  i n  a  l ocked  c a b i n e t  i n  a  room which i s  
a1 so locked  when n o t  i n  use. 

( 4 )  C l e a r l y  l a b e l  a l l  con ta i ne rs  w i t h  poisonous con ten ts  w i t h  t h e  name o f  t h e  
a c t i v e  i n g r e d i e n t ,  i t s  concen t ra t ion ,  e t c .  Thoroughly wash empty 
con ta ine rs  be fo re  re -use  o r  d i sposa l .  

( 5 )  Use b a i t  con ta ine rs ,  i f  necessary, t o  p reven t  an imals  o t h e r  than  roden ts  
f rom reach ing  t h e  b a i t s .  B a i t  con ta ine rs  need t o  be weighted down where 
l i v e s t o c k  cou ld  o therw ise  move them. 

(6 )  When poison b a i t s  a re  l a i d ,  t e l l  t h e  occup ie r  o f  t h e  l a n d  o r  premises o f  
t h e i r  l o c a t i o n s  - so t h a t  c h i l d r e n ,  l i v e s t o c k ,  and p e t s  can be kep t  away. 

( 7 )  Do n o t  l a y  po ison b a i t  where t h e  excess cannot be p i c k e d  up i n  o rde r  t o  
p reven t  any l a t e r  danger. Keep a  reco rd  o f  t h e  number and l o c a t i o n  o f  
b a i t i n g  p o i n t s .  A f t e r  t reatment ,  p i c k  up a l l  uneaten b a i t s  and bury  i n  
t h e  ground o r  burn any r a t  o r  mouse bodies found. Check t o  see t h a t  a l l  
b a i t i n g  p o i n t s  have been accounted f o r .  
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3.6 F i e 1  d  eva l  u a t i o n  o f  r o d e n t i c i d a l  b a i t s  

A f t e r  s e l e c t i n g  t h e  bes t  b a i t  m a t e r i a l s  and f i n d i n g  t h e  c o r r e c t  concen t ra t i on  
o f  t h e  cand ida te  r o d e n t i c i d e ,  t h e  i n v e s t i g a t o r  w i l l  w i sh  t o  t e s t  i t  i n  t h e  
f i e l d .  To do t h i s  l o c a t e  a t  l e a s t  two good i n f e s t a t i o n s  o f  t h e  p e s t  roden ts  
t o  be t r e a t e d ;  t h e  i n f e s t e d  areas each should cover  severa l  hec ta res  i n  
ex ten t .  One o f  t h e  areas w i l l  serve as t h e  t r e a t e d  area; t h e  o t h e r  w i l l  serve 
as t h e  re fe rence  a rea  i n  which any unusual changes i n  r oden t  numbers d u r i n g  
t h e  t r i a l  w i l l  be accounted f o r .  E f f i c a c y  o f  a  r o d e n t i c i d e  i s  measured by a  
change i n  r oden t  numbers o r  roden t  a c t i v i t y .  These measures a r e  taken  be fo re  
t h e  t rea tments  a r e  done and a f t e r  t hey  a re  completed, u s u a l l y  c a l l e d  t h e  p re -  
t rea tment  and pos t - t r ea tmen t  per iods .  Rodent numbers a r e  d i f f i c u l t  t o  measure 
i n  t h e  f i e l d .  Genera l l y ,  i n d i r e c t  measures o f  roden t  p o p u l a t i o n  s i z e  a r e  
used; such t h i n g s  as a c t i v i t y  a t  t r a c k i n g  t i l e s ,  amounts o f  f ood  consumed over  
severa l  days, a  change i n  t h e  number o f  a c t i v e  burrows, a  r e d u c t i o n  i n  roden t  
damage t o  a  f i e l d  crop,  e t c .  Any one method, o r  a  combinat ion o f  them, o r  a l l  
may be used i n  e v a l u a t i n g  t h e  e f f i c a c y  o f  r o d e n t i c i d a l  f i e l d  t r i a l s .  

3.6.1 E s t i m a t i n g  Rodent A c t i v i t y  

Rodent a c t i v i t y  measures be fo re  t rea tment  a re  use fu l  because t h e y  can be 
compared w i t h  t h e  same measures taken a f t e r  t rea tment  t o  e s t i m a t e  t h e  success 
o f  t h e  t rea tment .  A c t i v i t y  measures a re  made us ing  (1) i nked  t r a c k i n g  t i l e s ,  
( 2 )  food consumption a t  a  number o f  b a i t i n g  s i t e s ,  (3 )  counts  o f  a c t i v e  
burrows i n  t h e  a rea  t o  be t r ea ted ,  ( 4 )  t h e  numbers o f  roden ts  cap tu red  a l i v e  
and re leased  back i n t o  t h e  popu la t ion ,  and (5 )  t h e  r e d u c t i o n  i n  damage t o  a  
c rop  t o  be p ro tec ted .  

(1 )  Inked t r a c k i n g  t i l e s  are v i n y l  f l o o r  t i l e s ,  measuring 30 by 30 cm. 
These may be c u t  i n t o  qua r te r s ,  g i v i n g  t i l e s  15 cm on a  s i de .  O rd ina ry  
mimeograph i n k  i s  a p p l i e d  t o  one -ha l f  t h e  t i l e ,  t h e  o t h e r  h a l f  l e f t  c lean .  
T i l e s  a re  p laced  a long  t r a n s e c t s  i n  t h e  area t o  be t r e a t e d  and spaced about 10 
m apa r t  t o  t r y  t o  cover  t h e  area. The t i l e s  a re  p laced  o u t  i n  b o t h  t h e  area 
t o  be t r e a t e d  and t h e  re fe rence  area. They are s e t  i n  l a t e  a f t e rnoon  and 
p icked  up and scored e a r l y  t he  nex t  morning. Rodent f o o t p r i n t s  a re  e a s i l y  
seen on t h e  c lean  area o f  t he  t i l e ;  q u i t e  o f t e n  o t h e r  an imals '  f o o t p r i n t s  w i l l  
be seen, such as b e e t l e s  o r  b i r d s .  The t i l e s  a re  scored as p o s i t i v e  i f  a  
s i n g l e  roden t  f o o t p r i n t  i s  seen, nega t i ve  i f  none a re  de tec ted .  The 
p r o p o r t i o n  p o s i t i v e  ou t  o f  t he  t o t a l  number o f  t i l e s  s e t  i s  t h e  measure o f  
roden t  a c t i v i t y .  The i n k  can be cleaned from t h e  t i l e s  by w i p i n g  w i t h  a  c l o t h  
soaked i n  acetone. Repeat t h e  above g i ven  procedure i n  t h e  same areas i n  a  
week a f t e r  t h e  end o f  t h e  t reatments .  

( 2 )  Food consumption t o  measure roden t  a c t i v i t y  i s  used i n  two ways; 
one i s  t o  p l ace  a  weighed amount o f  excess food o u t  i n  severa l  b a i t i n g  
con ta ine rs  f o r  severa l  n i g h t s .  The amounts remain ing i n  each c o n t a i n e r  a re  
weighed t h e  f o l l o w i n g  morning. Th is  i s  repeated f o r  severa l  days (5  t o  10 
days) ,  o r  u n t i l  food consumption reaches a  peak. T h i s  peak amount equals  t he  
roden t  a c t i v i t y  a t  t h a t  t ime.  I f  t h e  roden ts  consumed 550 g  o v e r n i g h t ,  t h i s  
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l e v e l  o f  consumpt ion would be assumed t o  equal  100% o f  t h e  r o d e n t  p o p u l a t i o n .  

The o t h e r  way t o  measure r o d e n t  a c t i v i t y  u s i n g  f o o d  i s  t o  p u t  o u t  sma l l  
measured o r  counted amounts o f  foods  a t  many p l a c e s  w i t h i n  t h e  t r e a t e d  and 
r e f e r e n c e  areas.  For  example, 3 peanuts  o r  10 m i l l e t  seeds c o u l d  be s e t  o u t  
a t  marked s i t e s  a t  i n t e r v a l s  o f  every  10 mete rs  th roughou t  t h e  two areas. Do 
t h i s  f o r  s e v e r a l  n i g h t s  t o  a l l o w  a l l  r o d e n t s  t i m e  t o  l o c a t e  t h e  s i t e s .  Score 
a c t i v i t y  by t h e  p r o p o r t i o n  o f  peanuts  o r  seeds p i c k e d  up o u t  o f  t h e  t o t a l  
number s e t .  Be aware t h a t  o t h e r  an ima ls  may be p i c k i n g  up t h e s e  foods and, i f  
so, t r y  t o  e l i m i n a t e  t h e s e . o b s e r v a t i o n s  f r o m  t h e  da ta .  It m i g h t  be d e s i r a b l e  
t o  p u t  t h e  foods i n t o  sma l l  c o n t a i n e r s  t o  p r o t e c t  them f rom o t h e r  an imals .  
Repeat t h e  above d e s c r i b e d  procedure i n  a  week a f t e r  t h e  c o m p l e t i o n  o f  t h e  
t r e a t m e n t .  

(3)  Coun t ing  a c t i v e  bur rows w i t h i n  t h e  t r e a t e d  and r e f e r e n c e  areas i s  
ano ther  method o f  d e t e r m i n i n g  a c t i v i t y  o f  b u r r o w i n g  r o d e n t  spec ies .  It may be 
i m p o s s i b l e  t o  c o v e r  t h e  e n t i r e  areas so sampl ing t r a n s e c t s  a r e  t a k e n  i n s t e a d .  
The t r a n s e c t  i s  u s u a l l y  a t  l e a s t  250 meters  i n  l e n g t h  and may be 4 t o  6 meters  
wide.  The observer  wa lks  t h e  t r a n s e c t  and l o c a t e s  and r e c o r d s  a l l  a c t i v e  
bur row openings f o r  up t o  3 mete rs  d i s t a n c e  on b o t h  s i d e s .  The same t r a n s e c t s  
can be used f o r  t h e  p o s t - t r e a t m e n t  e v a l u a t i o n s .  A l l  a c t i v e  bur rows a r e  
counted on each area. A week a f t e r  c o m p l e t i n g  t h e  t rea tment ,  t h e  same 
t r a n s e c t s  a r e  r u n  a g a i n  and a l l  a c t i v e  bur rows counted. A c t i v e  bur rows 
g e n e r a l l y  have f r e s h  sand o r  s o i l  a t  t h e i r  en t rances  and t h e  e n t r a n c e s  a r e  
c l e a n  w i t h o u t  cobwebs o r  o t h e r  d e b r i s .  I f  t h e r e  i s  doub t  about  whether  
bur rows a r e  a c t i v e ,  t h e y  can be c l o s e d  and t h e  n e x t  day o n l y  t h o s e  t h a t  were 
opened can be counted. The p e r c e n t  r e d u c t i o n  i n  t h e  number o f  a c t i v e  bur rows 
b e f o r e  and a f t e r  t r e a t m e n t  i s  used as t h e  measure o f  e f f i c a c y .  

( 4 )  C a p t u r i u g  r o d e n t s  a1 i v e ,  and t h e n  r e l e a s i n g  them back i n t o  t h e  
p o p u l a t i o n ,  on b o t h  areas,  i s  a n o t h e r  way o f  e s t i m a t i n g  r o d e n t  p o p u l a t i o n s .  
E i t h e r  t h e  a c t u a l  number o f  r o d e n t s  caught o r  t h e  t r a p p i n g  success a r e  used as 
measures o f  t h e  p o p u l a t i o n .  It i s  i m p o r t a n t  t o  r e t u r n  t h e  c a p t u r e d  r o d e n t s  
back t o  t h e  p o p u l a t i o n  o t h e r w i s e  t h e  t r a p p i n g  w i l l  i n f l u e n c e  t h e  t r e a t m e n t  
r e s u l t s .  A p p r o p r i a t e  l i v e - c a p t u r e  t r a p s  a r e  b a i t e d  w i t h  a  s u i t a b l e  b a i t  and 
s e t  i n  t r a n s e c t s  th roughou t  t h e  two areas, r e f e r e n c e  and t r e a t m e n t ,  b e f o r e  and 
a f t e r  t r e a t m e n t s  a r e  done. I t  i s  b e s t  t o  c a r r y  o u t  t h e  t r a p p i n g  f o r  3 n i g h t s .  
T h i s  i s  done because some an ima ls  a r e  wary o f  t r a p s  f o r  t h e  f i r s t  few n i g h t s  
a f t e r  t h e y  a r e  s e t .  The t o t a l  nurr~ber c a p t u r e d  i n  t h e  3 n i g h t s  and t h e  o v e r a l l  
t r a p p i n g  success ( t h e  number o f  r o d e n t s  c a p t u r e d  d i v i d e d  by t h e  number o f  
e f f e c t i v e  t r a p s  s e t  a r e  used as t h e  measures o f  r o d e n t  a c t i v i t y .  A  week a f t e r  
t h e  t r e a t m e n t  i s  completed t h i s  p rocedure  i s  repea ted .  The d i f f e r e n c e  i n  
c a p t u r e s  and i n  c a p t u r e  success a r e  used as t h e  measures o f  e f f i c a c y .  

( 5 )  Measur ing t h e  r e d u c t i o n  i n  damage t o  a  f i e l d  c r o p  a f t e r  t r e a t m e n t  
f o r  r o d e n t  c o n t r o l  i s  y e t  ano ther  way o f  e v a l u a t i n g  e f f i c a c y .  Damage 
e s t i m a t e s  a r e  taken  i n  f i e l d  c r o p s  d u r i n g  t h e  g row ing  season, u s i n g  b o t h  
t r e a t e d  f i e l d s  and u n t r e a t e d  r e f e r e n c e  f i e l d s ,  as n e a r l y  a l i k e  as p o s s i b l e .  
Damage e s t i m a t e s  should  be t a k e n  b e f o r e  r o d e n t  c o n t r o l  measures a r e  a p p l i e d  
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and t h e n  aga in  severa l  t imes  f o l l o w i n g  t h e  c o n t r o l  t rea tments .  C r o p - c l i p p e d  
samples can be taken  i n  randomly chosen s i t e s  i n  t h e  t r e a t e d  and u n t r e a t e d  
f i e l d s  t o  e s t i m a t e  how much t h e  y i e l d  was i n c r e a s e d  due t o  t h e  r o d e n t  c o n t r o l  
measures. 



Append i~ 3.7.1. TOXICITY RECORD 

Denver Wildlife Research Center 

IHEMICAL D RC TEST MAMMAL 

'ORMULATION DATE TEST DATE OBSERVATI ON PERIOD DAYS 

-YPE OF ADMINISTRATION APPROXIMATE LD = /kg- 

:ORMULATION: 

- - 

thod employed a s  dcsc r~bed  by  Wm. Deichrnan and T. LeBlanc i n  fhc Journal of 
u s t r ~ a l  t i y g ~ c n c  and Taxlcology, Vol. 25, No. 9 ,  pp. 4 15- 4 17. 

Animal 
No. 

Sex and 
Weight TIME OF DEATH 

Dosage 
X.ormg/kg 

Actual 
Dosage(ml) 

Time of 
Admin. 
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LD , DATA ANALYSIS WORKSHEET -5 

(Thompson and Weil)  

Notations 

Log Da = 

Log m = Log Da + [d x ( f  + l ) ]  

Anti Log m = LO,, = 

Confidence l i m i t s  (95% l e v e l )  

Log m 2 2d x "f = x 

Upper l i m i t  = Log m + 

Lower l i m i t  = Log m - 

LO50 ( 
- ) 95% confidence l i m i t s  



1 

Table f o r  Estimatioq of Median-Effective Dose by Moving-Average Interpolation.* 

r-values f r-values f Of Of 

( n  = 2, K = 4)  ( n  = 3, K = 4)  

r-values f Of 

( n  = 3 K = 3 )  

1 1 2 2 2  0.0 2.0 1 3 0.25 0.375 
Appendix 3.7.3 0 0 2 3 1  1-0 1.41421 0 2 0.75 0 -  375 

0 0 3 3 1  0.0 (0)  1 2 0.5 0.70711 
0 1 1 3 1  1 - 0  1.73205 
0 1 2 2 1  1 .0  2.0 
0 1 2 3 1  0 .0  1.41421 
0 2 2 2 1  0.0 1.73205 

~ o r r e c t e d ~ a l u e s  of where Weil's table  (~ iorne t r ics ,  1952, 8, page 253) i s  i r i  e r ror .  
Line-items inadvertently omitted from Neil 's  table ( i b i d , ) .  " accord u i th  or iginal  <iei'j~ni tionr, (Thompson, &ct.Rev., 19147, 12: 11.5-115) and 2 

i v e n  p1r1n ('l"no:npsol-i and h'cj l , 1 3 j  orilei;l-i cs . 1952, - 8, 51-11 ) . hki l  ( j ~ b i c  249-67) 
..b!.cs covcr i l?~  K = -;I n = 2,:3.11 : 5 . i ?  ; ~ r l ( j  10; Tliornpson (oznljded, 16 4 3 p l ) )  cove:-q.xi 
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ANTILOGARITZIMS 

BEST AVAILABLE COPY 

0 1 2  3 ' 4  

I 

- 

' Proprtional Parts 
1 2 3 4 3 6 7 8 9  
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DEFINITION OF TERMS 
T h e  logar i thm of a positive number is the u p o n e n f  or 'power.  of a g iven + t h a t  i s  required b 

produce t h a t  number. F o r  example, since 1000 = 10J. 100 = I@, 10 = 101, 1 = 106. t hen  the  logarithms 
o f  1000. 100. 10. 1. fo the  base 10 a r c  rrclpcctirely 9. 2. 1, 0. 

T h e  system 01 loearithma whose base is 10 (called the  common o r  Briggaian system) may  be used in  
all numerical compuhtiona. 

It i s  obvious t h a t  10'Yn will give rome number greater  t h a n  10 (which ia 101) b u t  s m d l e r  than 100 
(101). ActuaIIy, 10I.Un = 34.49; hence log34.49 = 1.6377. The  d ig i t  before the decimal point is the 
ckarac(rriatic of the log, and  the  decimal fraction p a r t  is the  mantura of  t h e  log. I n  t h e  above example. 
t h e  character is t ic  is I and  the manti- is 6377. . 

T h e  mant issa  o f  the  lo^ of a number is found in tables. printed wi thout  the decimal point. Each 
mant issa  in t h e  tables is understood to have a decimal point preceding it. a n d  t h e  mant isar  is alwaya 
conaidered poritive. 

THE CHARACTERISTIC 
The characteristic i s  d e t e r m i n d  by inspection from the  number  i k l f  according to the following rules. 

( I )  For  n number g rea te r  than 1, the characteristic is positive and i s  one  Ie.r t han  the  number of 
d i g i t  before the  decimal point  For example: , , I -  

Number 6297 348 900 34.8 60 4.764 3 

Characteristic 3 ‘ 2 2 1 l. q O* 

(I) For  a positive number l e a  than 1. the cha rec te r i~ t i c  is negative and  ia one more than the number 
of zeroa immediataly following the decimal point. T h e  negative sign of t h e  characteristic is 
written in either pf t h e w  two waya: (a) above the characteristic,  a s  T. 2. and ao on: ( b )  a s  9. 

- 10, 8. - 10, and so on. Thus the characieri3tic of the  log.arithm of 0.3485 is 7, o r  9. - 10; 

of the  logarithm of 0.0613 i s  2. or 8. - 10. 

(3) Negative numbers do not have logarithma. 

T O  F I N D  T H E  LOCARITHhi O F  A NUM13ER B Y  U S E  O F  TABLES 
O F  LOGARITHMS I N  T H E  APPENDIX 

S u p p o x  i t  is required Lo And the complete log of the number 728. In t h e  table of logarithm3 in the 

Appendix  lance down the N column to 72. then horizontally to the  r ight  to column 8 and note the entry 
8621 which is the required mantissa. Since the charackr is t ic  is 2. log 728 = 2.8621. (This mean3 that  
728 = 

The mant ima for   lo^ 72.8. for  log 7.28. for 1ogU.728. for log 0.0728. e k . .  is  .8C,21. b u t  the characLeristica 
diffcr. Thua. 

 lo^ 728 = 2.8G21 log 0.72s = 1.8G21 or 0.8G21 - LO 
- 

 lo^ 72.8 = 1.8621  lo^ 0.0725 = Y.RG21 or 8.8621 - 10 

 lo^ 7.28 = OF((i'L1 IOE 0.0072S = .?.HG~I o r  7.8621 - 1 0  

'1'0 f ind  loa4(i.3R. <;lxr~cc dou.11 t l ~ c  N rolur~~rl  :XI 41;. t l ~ c r ~  hor~zor~ ta l ly  to colurn~i 3 81ld r~ol(% ( l i t ,  
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LOGARITHMS 

The m a n t k  fo r  log 4638, for  log463.8, for log46.38, etc., is -6663, but the charrcteristica difTer. 
Thus: - 

log 4638 = 3.6663 log 0.4638 = 1.6663 or  9.6663 - 10 

log 463.8 = 2.6663 Iog 0.04638 = 2.6663 o r  8.6663 - 10 

log 46.38 = 1.6663 log 0.004638 = 36663 o r  7.6663 - 10 

log 4.638 = 0.6663 log 0.00046~1 = i.6663 o r  6.6663 - 10 

Kxcrdner.  Find the logarithms of the following numberr 

(1) 464 (6) 0.621 Anr.  (1) 2.6571 (6 )  i.7931 o r  9.7931 - 10 

(L) 6280 (71 0.9463 (L) 3.7226 (7) i s760  o r  9.9760 - 10 

(3) 96.600 (8) 0.0363 (3) 4.9846 (8) z6478 o r  8.6478 - 10 

(4) 30.48 (0) 0.0022 ( 4 )  1.4840 (0) 5.3424 o r  7.8424 - 10 

(5) 1.067 (10) 0.0002646 (5) 0.0241 (10) E4224 o r  6.4224 - 10 

Sometimes the log of a number must be used in s n  algebraic equation. auch a s  = 7 6   log^. o r  in 
graphs. If z is g rea te r  than 1. l o g r  is positive md there is no special problem If x is less t h r n  1. 
however. logx is nega t ive  This  negative log, according to the above rulea. ia written aa the  sum of a 
poaitive msn t i au  and a negative characteristic. For algebrsic msnipulationa i t  is preferable to-trut 
logz a s  a single number with a definite aign, either poaitive or  negative. For  auch a purpose. 2.7486 
would be written a s  -1.2514. obtsined by adding -2 and +.7486 slgebraicdly. 

Kxcrcucr .  Wri te  the logarithma of the following numbem ar  quanti t iu  auitable f o r  i n ~ r t i o n  in a n  
algebraic equation. 

(1) 0-276 (f) 0.000994 (3) 0.0149 Anr.  (1) --0.6607 (L) -3.4046 (3) -18268 

ANTILOGARITHMS 
The antilogarithm is the number corresponding to a given logarithm. "The antilog of 3" meana 

"the number who= log is 3"; t ha t  number is obviously 1000. 

Suppose i t  ia required to And the antilog of 2.6747. i.e. the number who- log is 2.6747. The charac- 
teristic is 2 and the mantissa is .6747. Using the table of Antilogarithm in the Apljendix, locate 67 in 
the Arst column. then m6ve h o r i z o n ~ l l g  to column 4 and note the digits 4721. Moving fa r ther  to the r ight  
dong  the same line. the en t ry  8 is found under column 7 of Proportional Part.. Adding 8 to 4721 gives 
4729. Since the characteristic is 2, there are three digits to the left of the decimal po in t  Hence 472.9 
ia  he required number. 

. 7  
I t  should be understood t ha t  the antilog of 1.6747 is 47.29: the antilog of 0.6747 is.4i729; the antilog 

of 9.6747 - 10 is 0.4729; etc. On the other hand, thh antilog of -1.6747 must & r e w r h n  a s  antilog of - 
2.3263, or 8.3263 - 10, before the tables may be used, b e c a u ~  only poaitire mantissas a r e  found in the tables. 

Ercrclaca. Find the numbers corresponding to the following logarithms. 

( I )  3.1668 ( 7 )  0.0008 A m .  ( 1 )  1436 ( 7 )  1.002 

(1) 1.6934 ( 8 )  9.7607 - 10 or 7.7607 (i) 49.37 ( 8 )  0.6632 

( 3 )  6.6934 (9) 8.0034 - 10 or 2.0034 (J) 493.700 (9)  0.01008 

(1) 2.6000 ( 1 0 )  7.2006 - 10 or 3.2006 ( 4 )  316.2 (10 )  0.001687 

(5)  2.0436 ( 1 1 )  -0.2436 ( 5 )  110.8 (11 )  0.6707 

(6)  0.91 42 ( I f )  -3.7629 ( 6 )  8.208 ( I f )  0.0001726 
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4. MONITORING RODENT PClPULATIONS 

4.1 Periodic Honitoring 

I f  roden ts  a re  moni tored f rom se lec ted  s i t e s  on a p e r i o d i c  b a s i s  and t h e  
m o n i t o r i n g  methods a r e  s tandard ized,  then  any abrupt  changes i n  t h e  numbers o f  
t h e  roden ts  should be e a s i l y  detected.  I f  immature animals suddefl ly appear as 
a l a r g e  p r o p o r t i o n  o f  a  t rapped popu la t ion ,  then t h e  i n v e s t i g a t o r  can assume 
t h a t  breeding has been good and may be ab le  t o  p r e d i c t  t h a t  t h e  up-coming 
breeding o f  t h i s  new gene ra t i on  may even l e a d  t o  an outbreak o f  r oden t  
popu la t i ons  i n  t h e  area. M o n i t o r i n g  methods should be adequate t o  d e t e c t  a  
50% change i n  t h e  popu la t i on ,  e i t h e r  an inc rease  o r  decrease. Severa l  methods 
w i l l  be o u t l i n e d  here. I n  genera l ,  these methods w i l l  measure t h e  r e l a t i v e  
abundance o f  roden t  popu la t ions ,  o r  a  r e l a t i v e  change i n  r oden t  a c t i v i t y .  It 
would be w e l l  t o  use severa l  methods s imul taneously ,  r a t h e r  t han  r e l y i n g  on 
o n l y  one method. 

4.1.1 S e l e c t i o n  o f  m o n i t o r i n g  s i t e s  

The s i t e s  t o  be p e r i o d i c a l l y  moni tored should be se lec ted  on t h e  b a s i s  t h a t  
they a re  r e p r e s e n t a t i v e  o f  t h e  genera l  area, whether sandy dunes grown w i t h  
m i l l e t  and sorghum o r  wadis w i t h  h a n d - i r r i g a t e d  smal l  c rop  p l o t s .  Severa l  
s i t e s  o f  each c rop  t y p e  should be se lec ted  t o  account f o r  l o c a l  v a r i a t i o n s  i n  
food and cover  a v a i l a b l e  t o  roden ts  and t o  a l l o w  f o r  v a r i a t i o n s  i n  t h e  
d i s t r i b u t i o n  o f  r oden t  specie's. The s i t e s  should enconipass a minimum o f  100 
hectares i n  area so t h a t  severa l  t r a n s e c t s  o r  t r a p l i n e s  can be se lec ted  w i t h i n  
t h e  s i t e  area. Transects  o r  l i n e s  should be permanently marked and numbered. 
Then one o r  more t r a n s e c t s  o r  t r a p l i n e s  a re  se lec ted  a t  random each m o n i t o r i n g  
t r i p .  The s i t e s  should be scheduled f o r  p e r i o d i c  mon i t o r i ng ,  say every  month, 
every  o t h e r  month, o r  q u a r t e r l y .  

4.1.2 Trapping 

For s imple purposes o f  mere ly  e s t i m a t i n g  
a rodent  popu la t i on ,  a  l i n e  o f  t r a p s  may 
be u s e f u l .  Snap t r a p s  should be p laced 
i n  a  reasonably s t r a i g h t  l i n e  w i t h  25 
s t a t i o n s  a t  10 meter i n t e r v a l s  (F ig .  1 ) .  
The t r a p l i n e  should pass ma in l y  th rough  
h a b i t a t  t y p i c a l  o f  t h e  s i t e .  Thus, i n  
wadis, t h e  t r a n s e c t s  should sample t h e  
crop p l o t s  as w e l l  as t h e  thorny ,  brushy 
fencerows a longs ide  t h e  f i e l d s .  I f  
des i red ,  two t r a p s  approx imate ly  a  meter 
apar t ,  can be s e t  a t  each s t a t i o n .  T h i s  
w i l l  i nc rease  t h e  e f f i c i e n c y  o f  t h e  
t r a p l i n e .  Depending upon t ime  
a v a i l a b l e ,  t he  t r a p s  can be s e t  f o r  one 
t o  t h ree  days. Traps a re  s e t  i n  t he  
l a t e  a f ternoon,  checked t h e  n e x t  morning 
e a r l y  and then l e f t  u n t i l  a f t e rnoon  i n  
o rder  t o  ca tch  any day- t ime a c t i v e  
Arv icanth is .  
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Each cap tu red  roden t  should  be i d e n t i f i e d  t o  spec ies,  sexed, weighed t o  t h e  
neares t  gram, t h e  head and body l eng th ,  t a i l ,  h i n d  f oo t ,  and ea r  measured; and 
assigned t o  a  ca tegory  o f  e i t h e r  a d u l t  o r  immature based upon body we igh t  and 
development o f  sexual  cha rac te r s .  A l l  a d u l t  females should  be necrops ied  t o  
determine i f  v i s i b l y  pregnant  o r  n o t  and t h e  number o f  f e t uses  counted. The 
number o f  sprung t r a p s  w i t h o u t  captures,  d i v i d e d  by 2  s i n c e  sprung t r a p s  a r e  
assumed t o  be e f f e c t i v e  f o r  a t  l e a s t  h a l f  t h e  n i g h t ,  should  be deducted f rom 
t h e  number o f  t r a p s  s e t  t o  determine t h e  number o f  e f f e c t i v e  t r a p s .  The 
fo rmu la  i s :  T o t a l  t r a p s  s e t  minus (number o f  t r a p s  sprung/2), t imes  number o f  
n i g h t s  t rapped  = e f f e c t i v e  t r a p  n i g h t s  (ETN). The number o f  r oden t s  cap tu red  
pe r  e f f e c t i v e  t r a p  n i g h t  ( o r  100 ETN's) i s  c a l c u l a t e d  t o  g i v e  t h e  r e l a t i v e  
abundance o f  t h e  popu la t i on .  For  example: 50 t r a p s  s e t  f o r  2  n i g h t s ,  minus 5  
(10 t r a p s  sprung d i v i d e d  by 2  = 5), equals  95 ETN. Twenty r oden t s  captured,  
d i v i d e d  by 95 ETN = 0.21 rodents/ETN. 

4 .1 .4  Road counts  

4.1.3 Burrow counts  

Tak ing counts  o f  a c t i v e  burrows a long  
se lec ted  t r a n s e c t s  i s  ano ther  way o f  
de te rm in i ng  roden t  a c t i v i t y .  Permanent 
t r a n s e c t s  should  be se lec ted  i n  
r e p r e s e n t a t i v e  h a b i t a t s  and t u n  
p e r i o d i c a l l y  j u s t  as suggested f o r  
t r a p p i n g .  The t r a n s e c t s  should  cover  a  
1  i n e  250 meters  i n  l e n g t h  and should  be 
about 6 meters  i n  w i d t h  (F i g .  2), 3 
meters on each s i d e  o f  t h e  observer .  
Whi le  w a l k i n g  a long t h e  t r a n s e c t ,  t h e  
observer  would count  every  open, c losed  
and f resh  burrow w i t h i n  t h e  t r a n s e c t .  
Do n o t  i n c l u d e  obv ious l y  o l d ,  abandoned 
burrows i n  t h e  count .  These counts  a re  
assumed t o  show some c o r r e l a t i o n  o f  
a c t i v i t y  w i t h  t h e  s i z e  and d e n s i t y  o f  
t h e  r oden t  popu la t i ons .  For  a  v a l i d  
s t a t i s t i c a l  es t ima te  o f  t h e  p o p u l a t i o n  
by t h i s  method, t h e  l i n e s  o r  t r a n s e c t s  
should  be chosen a t  random and severa l  
r e p l i c a t e s  made t o  a l l o w  f o r  t h e  

Count ing r oden t s  spo t t ed  a t  n i g h t  w h i l e  d r i v i n g  roads i s  ano ther  method o f  
assessing roden t  a c t i v i t y .  Roads, se l ec ted  a t  random, a re  d r i v e n  i n  a  
v e h i c l e  moving a t  a  g i v e n  speed, say 20 t o  25 km/hour, f rom j u s t  a f t e r  sunset  
u n t i l  about m idn igh t .  I t  i s  bes t  t o  have two observers ,  one t o  d r i v e  and spo t  
on one s i d e  o f  t h e  road,  t h e  o t h e r  t o  spot  on t h e  o t h e r  s i d e  o f  t h e  road. A l l  
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c a l c u l a t i o n  o f  a  mean and a  s tandard d e v i a t i o n .  The a n a l y s i s  o f  va r i ance  i s  
a p p l i c a b l e  t o  t h i s  t ype  o f  count .  



MONITOR1 NG RODENT POPULATIONS 

r oden t s  p i cked  up i n  t h e  h e a d l i g h t s  o f  t h e  v e h i c l e  a r e  counted. These counts  
a re  t aken  p e r i o d i c a l l y  and t h e  road  p a t t e r n s  a re  d r i v e n  i n  t h e  same way and a t  
approx imate ly  t h e  same t imes  each t r i p .  Some a l lowance must be made f o r  
changes i n  t h e  t i m e  o f  sunset  and f o r  t h e  weather; c l oudy  n i g h t s  may b r i n g  o u t  
r oden t s  w h i l e  b r i g h t  moon l igh t  may i n h i b i t  t h e i r  a c t i v i t y .  These occurrences 
shou ld  be recorded on t h e  m o n i t o r i n g  r eco rds .  The r e s u l t s  can be analyzed by 
t h e  method desc r i bed  above f o r  burrow counts .  

4.1.5 Track ing  t i l e s  

T rack i ng  t i l e s  a re  i nked  (mimeograph i n k )  v i n y l  t i l e s ,  about  1 5  cm square. 
The i n k  i s  a p p l i e d  t o  one -ha l f  o f  each t i l e  w i t h  a  
b rush  o r  rubber  r o l l e r  (F i g .  3 ) .  As r oden t s  walk  
across t h e  t i - l e ,  t h e y  wa l k  th rough  t h e  i n k e d  h a l f  
and l e a v e  t r a c k s  o f  t h e i r  f o o t p r i n t s  on t h e  un- inked 
h a l f .  T rack i ng  t i l e s  a r e  p u t  o u t  i n  t r a n s e c t s  much 
l i k e  t r a p s  would be, s e t t i n g  one every  1 0  meters  o r  
1 0  steps,  u s i n g  a  t o t a l  o f  25 t i l e s  pe r  l i n e .  They 
a re  u s u a l l y  s e t  f o r  o n l y  one n i g h t ;  i f  t i m e  i s  
a v a i l a b l e ,  t h e y  cou ld  be r u n  f o r  2 n i g h t s  and t h e  
r e s u l t s  averaged. Each t i l e  i s  scored as p o s i t i v e  
o r  nega t i ve  t h e  f o l  l o w i n g  morning when t h e y  a re  
examined. I f  they  a r e  t o  be immediate ly  reused, t h e  r oden t  f o o t p r i n t s  can be 
wiped c l ean  w i t h  a  l i g h t  r ubb ing  o f  acetone. Sometimes t h e  i n k  must be 
r e a p p l i e d .  One ma jo r  d isadvantage i s  t h a t  i f  heavy d u s t  o r  sand comes up 
d u r i n g  t h e  n i g h t ,  t h e  i n k  cou ld  become coated and gummy and some t r a c k s  may 
n o t  be recorded ,  I f  severa l  r e p l i c a t e s  a re  run,  t h e n  a  mean and s tandard  
d e v i a t i o n  can be c a l c u l a t e d  and t h e  d a t a  analyzed by ANOVA. 

4.1.6 Food removal 

The removal o f  peanuts o r  seeds p l  aced i n  smal l  p i l e s  can be used t o  measure 
roden t  a c t i v i t y .  A  counted amount o f  peanuts o r  m i l l e t  seeds, say 3 t o  10 pe r  
p i l e ,  a re  a laced on t h e  ground a long  t h e  t r a n s e c t  a t  measured i n t e r v a l s ,  every  
10 meters .  Take r a r e  t o  make sure t h a t  an ts  o r  o t h e r  i n s e c t s  a r e  n o t  removing 
t h e  food i tems.  'he number o f  food i tems removed a long  each t r a n s e c t  each 
n i g h t  i s  used n measure o f  r oden t  a c t i v i t y .  Again, as above, n o t e  t h e  
occurrence o f  c i  ,uJy n i g h t s  o r  b r i g h t  moon l igh t  n i g h t s  on t h e  survey sheets.  
I f  r e p l i c a t e d  t r a r ~ s e c t s  a re  run, s e l e c t e d  a t  random, t h e  mean and s tandard  
d e v i a t i o n  can be a l c u l a t e d ,  a l l o w i n g  t h e  a n a l y s i s  o f  v a r i a n c e  t o  be app l i ed .  

4.2 U s i n g  the monitoring data 

When each months' data ,  o r  whatever sampl ing p e r i o d  i s  used, a re  recorded,  
e n t e r  t h e  informa!.  ion on to  graph paper a t  t h e  p roper  i n t e r v a l .  P l o t  t h e  da ta  
and no te  any chdr!~jes f rom prev ious  c o l l e c t i o n  pe r i ods .  I f  a  sudden change i s  
seen, say a  doubl lng o r  t r i p 1  i n g  o f  the a c t i v i t y  o r  numbers o f  r oden t s  
cap tu red ,  l o o k  d t  the  age s t r u c t u r e  o f  t h e  t rapped  sample and a t  t h e  pregnancy 
r a t e  i n  t h e  a d u l t  females. These cou ld  i n d i c a t e  t h a t  ano ther  b reed ing  c y c l e  
i s  imminent and serve as t h e  t r i g g e r  f o r  a c t i o n .  I t  i s  suspected t h a t  a t  
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t imes  o f  r oden t  outbreaks, t h e  numbers increase 10 t o  1 0 0 - f o l d  ove r  those  
seenat t imes o f  r oden t  lows. What i s  des i r ed  i n  t h e  m o n i t o r i n g  process i s  t o  
be ab le  t o  p r e d i c t  when t h e  roden t  popu la t ions  a re  about t o  become i r r u p t i v e .  

Before t h i s  can be done, o t h e r  da ta  should be c o l l e c t e d .  T h i s  would i n c l u d e  
month ly  r a i n f a l l  d a t a  f o r  t h e  c u r r e n t  and preceding 3  years,  t h e  v e g e t a t i o n  
g reen ing  index, and t h e  ce rea l  g r a i n  c rop  y i e l d s  f o r  t h e  c u r r e n t  and p reced ing  
3  years.  A  model f o r  p r e d i c t i n g  plagues o f  house mice i n  A u s t r a l i a  showed 
t h a t  t h e  p r o b a b i l i t y  o f  a  plague o c c u r r i n g  i n  t h e  f o l l o w i n g  autumn i s  r a i s e d  
i f :  (1 )  g r a i n  y i e l d  i n  t h e  c u r r e n t  season i s  h i gh  b u t  was l ow  2  yea rs  
p rev ious l y ;  (2 )  autumn r a i n f a l l  i n  t h e  c u r r e n t  year  i s  h igh ;  and (3 )  November 
r a i n f a l l  (beg inn ing  o f  t h e  ha rves t )  i s  h i g h  and October r a i n f a l l  i s  l o w  i n  t h e  
c u r r e n t  year .  It i s  d o u b t f u l  t h a t  t h e r e  i s  any r e l a t i o n s h i p  between t h i s  
p r e d i c t i v e  model and c o n d i t i o n s  i n  t h e  Sahel. 

Another p r e d i c t i v e  model was presented by French i n v e s t i g a t o r s  work ing  i n  
Senegal. They hypothes ized t h a t  t h e  q u a l i t y  and q u a n t i t y  o f  a v a i l a b l e  food - 
which, i n  t u r n ,  i s  c o r r e l a t e d  w i t h  r a i n f a l l  - seenis t o  be one o f  t h e  most 
impor tan t  f a c t o r s  r e g u l a t i n g  rep roduc t i on  and s u r v i v a l  i n  Sahe l ian  roden ts .  
I n  t h e  absence o f  p reda t ion ,  pa ras i t es ,  and disease, abundant h i g h - q u a l i t y  
food may induce a  roden t  popu la t i on  outbreak. Th i s  i s  p a r t i c u l a r l y  t r u e  o f  
Praomys (Mastomys) and Arvicahthis popu la t ions  because o f  t h e i r  h i g h  
r e p r o d u c t i v e  p o t e n t i a l s .  T h e i r  i n v e s t i g a t i o n s  i n  Senegal i n d i c a t e  t h a t  
outbreaks seem t o  occur  a f t e r  a  p e r i o d  w i t h  low roden t  p o p u l a t i o n  d e n s i t i e s  
(disappearance o f  p reda to rs?)  and when t he re  a re  two o r  more f a v o r a b l e  r a i n y  
seasons. The f i r s t  season a l l ows  t h e  popu la t i on  t o  reach a  "p re -ou tb reak"  
l e v e l ,  and then, i f  t h e  f o l l o w i n g  yea r  i s  a l so  favorab le ,  t h e  ou tb reak  w i l l  
f i n a l l y  t ake  p lace .  R a i n f a l l  i s  e a s i l y  measured; t h i s  i s  n o t  t h e  case w i t h  
t h e  avai  1  ab le  food resources.  Factors  i nhe ren t  i n  t h e  roden t  p o p u l a t i o n s  can 
be measured by r e g u l a r  t r a p p i n g  surveys. 

I n  t h e  Chadian Sahel, i t  appears t h a t  several  f a c t o r s  may l e a d  t o  a  r a i s e d  
p r o b a b i l i t y  o f  h i g h  roden t  numbers: (1)  severa l  years  o f  drought ,  f o l l o w e d  by 
2  years  o f  normal o r  above normal r a i n f a l l ;  (2 )  an absence o f  p reda to rs  due t o  
ve ry  low roden t  popu la t ions ;  ( 3 )  a  greening o f  t h e  savanna vege ta t i on ,  w i t h  
subsequent p roduc t i on  o f  h i g h - q u a l i t y  grass and weed seeds; ( 4 )  a  success fu l  
harves t  o f  t h e  m i l l e t  and/or sorghum crop; ( 5 )  a  good b reed ing  e f f o r t  by t h e  
r e s i d u a l  pes t  roden t  popu la t ions ;  ( 6 )  excel  1  en t  s u r v i v a l  o f  t h e  immature 
roden ts  produced by t h e  breeding;  and ( 7 )  severa l  a d d i t i o n a l  b reed ing  c y c l e s  
by t h e  newly-produced roden t  genera t ions .  Thus, w i t h i n  a  year  o f  t h e  
increased r a i n f a l l ,  t h e  g reen ing  o f  t he  savanna vege ta t ion ,  and a  ha rves tab le -  
y i e l d  o f  g ra i ns ,  t h e r e  cou ld  be an increased p r o b a b i l i t y  o f  a  r oden t  ou tb reak .  



5. DAMAGE ASSESSMENT METHODS 

5.1 I n t r o d u c t i o n  

Purpose: Assessment o f  t h e  damage caused by roden ts  t o  growing c rops  and 
s to red  foods i s  done i n  o rde r  t o  e s t a b l i s h  t h e  economic impor tance o f  t h e  pes t  
species i n  t h e  coun t r y  o r  i n  a  l o c a l  s i t u a t i o n .  Th i s  i n f o r m a t i o n  i s  needed 
f o r  p l ann ing  purposes and f o r  s e t t i n g  p r i o r i t i e s  f o r  c o n t r o l  programs. 
Sampl i n g  on a  n a t i o n a l  sca le  i s  done t o  es tab l  i s h  t h e  e x t e n t  o f  c rop  losses  
throughout  t h e  crop-growing areas. A t  o t h e r  t imes, sampl ing may be done o n l y  
i n  l o c a l  areas, say a  d i s t r i c t  o r  p re fec tu re .  Q u i t e  o f t e n  l i m i t e d  damage 
assessments a r e  done f o r  research  purposes t o  determine i f  c e r t a i n  c o n t r o l  
methods a re  e f f e c t i v e  o r  no t ;  a t  o t h e r  t imes damage assessments may be done 
over  f a i r l y  1  arge-sca l  e  areas f o r  demonstrat ion purposes. Damage assessment 
research on smal l  p l o t s  r e q u i r e s  more t ime  and samples p e r  p l o t  w h i l e  coun t r y -  
wide damage assessments r e q u i r e  l e s s  t ime  and numbers of samples p e r  sampled 
p l o t  b u t  would need many more p l o t s .  I f  t h e r e  i s  cons iderab le  v a r i a t i o n  
between sampled areas i n  t h e  amounts o f  damage, then  t h i s  w i l l  r e q u i r e  more 
samples o r  more sampled u n i t s .  

5.2 S e l e c t i o n  o f  Sampl i n q  Areas. 

The s e l e c t i o n  o f  sampling u n i t s ,  f i e l d s ,  subplots ,  acres, o r  hectares,  i s  an 
impor tan t  element i n  s t a r t i n g  any c rop  damage assessment procedure. I t  i s  
u s u a l l y  i m p r a c t i c a l  t o  sample' a l l  f i e l d s  o r  subp lo ts  i n  an area, un less  i t  i s  
q u i t e  smal l ,  so samples must be chosen f rom t h e  1  a rge r  areas. For  most 
purposes a  sample o f  100 t o  200 u n i t s  ( f i e l d s ,  acres, hec ta res )  taken  randomly 
f rom an area i s  s u f f i c i e n t  f o r  s t a t i s t i c a l  conf idence.  Sometimes t h e  area 
should be broken down i n t o  s i m i l a r  types, o r  s t r a t a ,  based upon n a t u r a l  
f ea tu res  o r  p o l i t i c a l  boundar ies (unions, d i s t r i c t s ,  r eg ions ) .  T h i s  i s  known 
as s t r a t i f i e d  random sampl ing. 

Having maps o f  t h e  sampled areas simp1 i f i e s  t h e  procedure, b u t  d e t a i l e d  maps 
o f t e n  a re  n o t  a v a i l a b l e .  I n  these cases recogn izab le  boundaries,  such as 
roads, streams, o r  boundaries between vege ta t i on  types, a re  needed. Sampling 
schemes based on k i l o m e t e r  b l ocks  es tab l i shed  a long bo th  s i des  o f  a  g i ven  
l e n g t h  o f  road have been use fu l  i n  unmapped remote areas. B locks  a r e  randomly 
se lec ted  and, w i t h i n  each b lock ,  random hectares o r  o t h e r  area u n i t s  a re  
sampl ed f o r  damage. 

For example, suppose m i l l e t  f i e l d s  a long severa l  roads i n  a  d i s t r i c t  need t o  
be sampled f o r  roden t  damage. A  s t a r t i n g  p o i n t  i s  se lec ted  and, us i ng  t h e  
odometer i n  t h e  veh i c l e ,  each k i l o m e t e r  a long bo th  s ides  o f  t h e  road  a re  
marked o f f .  A p i ece  o f  b r i g h t l y - c o l o r e d  p l a s t i c  eng ineer ing  t ape  i s  t i e d  t o  a  
shrub o f  clump o f  grass t o  mark each k i l ome te r .  Say 20 k i l o m e t e r s  o f  road  a re  
marked, g i v i n g  40 k i l o m e t e r  square b locks  a v a i l a b l e  t o  sa~i ip le  ( F i g .  1 ) .  Ten 
k i l o m e t e r  square b l ocks  a re  se lec ted  a t  random, us ing  a  t a b l e  o f  random 
numbers o r  s imp ly  drawing 10 numbers from 40 numbered s l i p s .  Then 10 sampl ing 
u n i t s  w i t h i n  each square k i  l ometer  b lock  (measuring a  k i l o m e t e r  i n  d i s t a n c e  
pe rpend i cu la r  t o  t he  road)  a re  a l so  se lec ted  randomly. Each sampl ing u n i t  
cou ld  be a  hectare,  i n  which case t h e r e  are 100 t o  each square k i l o m e t e r .  
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Measuring 100 meters each a long t h e  edge o f  t h e  square k i l ome te r ,  these a r e  
e a s i l y  paced o f f  and located,  even those d i s t a n t  f rom t h e  road. Say t h e  u n i t  
t o  be sampled i s  hec ta re  7 a long t h e  road by hectare 8 d i s t a n t  f rom t h e  road. 
Measure 700 meters o f f  a long t h e  road  and then proceed 800 meters (F ig .  1) 
perpend icu la r  t o  t h e  road t o  l o c a t e  t h e  se lec ted  hectare.  

F ig .  1. Use o f  a  road t o  mark o f f  km2 b locks t o  be sampled. 

# 

Another method t o  s e l e c t  t h e  sampling u n i t s  uses maps, marked o f f  w i t h  g r i d  
l i n e s  which serve as coord ina tes  t o  l o c a t e  t he  100 t o  200 sampl ing u n i t s  f rom 
which t o  randomly s e l e c t .  Other methods use p o l i t i c a l  boundaries t o  f i r s t  
subd iv ide  t h e  area i n t o  randomly se lec ted  subd i v i s i ons  w i t h i n  d i s t r i c t s .  The 
d i s t r i c t s  f i r s t  were randomly se lec ted  from a l a r g e r  sample. W i t h i n  each 
d i s t r i c t  subd iv is ion ,  sample u n i t s  would be chosen a t  random. 

1 

The impor tan t  i ssue  i s  t o  s e l e c t  sampled u n i t s  as randomly as p o s s i b l e  so t h a t  
t h e  da ta  w i l l  be s t a t i s t i c a l l y  meaningful .  Q u i t e  o f t e n  t h e  degree o f  
s t a t i s t i c a l  conf idence can be est imated and i t s  1  i m i t s  c a l c u l a t e d .  

ROAD 

1 2 1  1 2 2  ( 23 ( 2 4  1 2 5  1 2 6  1 2 7  1 2 8  1 2 9  1 3 0  1 3 1  1 e t c  ... 

5.2.1 Damaqe Assessment i n  Small I r r i q a t e d  P l o t s  

2 4 

Small i r r i g a t e d  p l o t s  o f  vegetables i n  wadis a re  f r e q u e n t l y  d i v i d e d  by t h e  
farmers i n t o  smal l  squares, each about 1 square meter i n  s i ze .  Proceed by 
s e l e c t i n g  approx imate ly  a 10% sample o f  t h e  1 square meter subp lo ts .  I f  t h e  
p l o t  con ta ins  66 i n d i v i d u a l  subplots ,  number these f rom 1 t o  66. Then, us ing  
a t a b l e  o f  random numbers, s e l e c t  7 subp lo ts  f o r  damage assessment. I n  each 
subplot ,  examine a l l  p l a n t s  f o r  rodent  damage, count ing  t h e  number of  damaged 
and undamaged p l a n t s  o r  f r u i t s .  Each i s  entered on t h e  da ta  sheet,  adding t h e  
two toge ther  t o  g e t  a  t o t a l  o f  a l l  p l a n t s  on t he  subp lo t .  I n  t h e  wadis 
se lected,  examine t h e  requ i red  number o f  f i e l d s  accord ing t o  t h e i r  random 
s e l e c t i o n  prev ious.  Th i s  cou ld  be 10 f i e l d s  per  wadi and a t o t a l  o f  10 
a c t i v e l y  farmed wadis. O r  t h e  sampling scheme cou ld  be s t r a t i f i e d  t o  sample 
f o r  tomatoes, okra,  and m i l l e t ,  us ing  4 o r  5  f i e l d s  of each per  wadi. 

3 5 6 7 8 10 9 11 e t c  ... 
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F i g .  2. Sampl i n g  scheme f o r  vege tab le  and g r a i n  c r o p s  i n  wadis.  

C a l c u l a t e  r o d e n t  damage a s . t h e  number o f  damaged p l a n t s  ( o r  f r u i t s )  d i v i d e d  by  
t h e  t o t a l  number o f  damaged and undamaged p l a n t s  found i n  each p l o t  (as  i n  t h e  
example, t h e  7  square mete r  s u b p l o t s  examined), t i m e s  100 ( t o  g i v e  a  
pe rcen tage) .  - I f  d o i n g  a  number o f  f i e l d s ,  add up t h e  damage f o r  a l l  t h e  
f i e l d s ,  d i v i d e d  by  t h e  number o f  f i e l d s ,  t o  g e t  t h e  mean p e r c e n t  damage f o r  
t h e  c r o p  t ype .  

Example: Subpl o t  Damaged Undamaged T o t a l  

T o t a l  s  12 143 155 

Damage f o r  a  number o f  f i e l d s :  7.74%, 2.30%, 4.97%, 3.56%, 8.02%, 
3.26%, 5.87%, 2.45% = 38.17/8 = 4.77%. 

5.1.3 Damaqe Assessment - in  Recess iona l  Crops 

Recess iona l  c rops  o f t e n  cover  much l a r g e r  areas t h a n  t h e  s m a l l  p l o t s  i n  wadis.  
These shou ld  be sampled u s i n g  l i n e  t r a n s e c t s .  S e l e c t  a  s t a r t i n g  c o r n e r  b y  
u s i n g  t h e  numbers 1 t h r o u g h  4, p i c k e d  a t  random, t o  i n d i c a t e  t h e  s i d e  o f  t h e  
f i e l d  t o  s t a r t  f rom.  L e t  1 r e p r e s e n t  t h e  n o r t h  s i d e ,  2  t h e  e a s t ,  3  t h e  south ,  
and 4  t h e  west  s i d e .  O ~ c e  a s t a r t i n q  c o r n e r  has been s e l e c t e d ,  t h e n  s e l e c t  25 
random s teps  ( a  s t e p  i s  each t i m e  a f o o t  f a l l s )  f r o m  a  t o t a l  o f  150 ( t h e  
approx imate number o f  s t e p s  on t h e  d iagona l  o f  a  square h e c t a r e )  a l o n g  t h e  
l i n e  t r a n s e c t .  Ar range t h e  numbers f rom l o w e s t  t o  h i g h e s t  ( F i g  3 ) .  Fo r  
example, t h e  nurnberms 2, 4, 7, 10, 16,  23, 24, 25, 31, 35, e t c .  m i g h t  be 
s e l e c t e d .  S t a r t i n g  a t  t h e  chosen co rner ,  t a k e  2  s t e p s  i n t o  t h e  f i e l d  on t h e  
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d iagona l  and s e l e c t  t h e  p l a n t  nearest  t he  foo t  f o r  damage assessment (F ig .  4). 
Examine t h e  p l a n t  c a r e f u l l y  f o r  roden t  damage (eaten f r u i t ,  burrow underneath, 
c u t  stems, eaten g ra ins ,  e t c . ) .  A f t e r  examining t h e  p l a n t  a t  s t e p  2, proceed 
on t o  s t e p  4  and repea t  t he  process. Record t h e  number o f  damaged and 
undamaged p l a n t s  a t  each randomly se lec ted  f o o t f a l l  on t h e  t r ansec t .  I f  t h e  
edge o f  t h e  f i e l d  i s  reached be fo re  a l l  t h e  samples have been taken, s e l e c t  
another  t r a n s e c t  based upon t h e  two s ides  o f  t h e  f i e l d  n o t  used f o r  s t a r t i n g  
p o i n t s  ( i f  t h e  t r a n s e c t  r an  N t o  S, s e l e c t  e i t h e r  t h e  E  o r  W, a t  random, f o r  
t h e  second t r ansec t ) .  , 

3 

F i g .  3. Sampl i n g  on t h e  f i e l d  d iagona l .  

Damage c a l c u l a t i o n s  a re :  t o t a l  p l a n t s  ( o r  f r u i t s )  damaged, d i v i d e d  by t h e  
t o t a l  o f  damaged and undamaged p lan t s ,  t imes 100, t o  g i v e  pe rcen t  damage. 
Th i s  method should be s u i t a b l e  f o r  sweet po ta to ,  tomato, okra,  cow peas, and 
peanut. Peanut can be a  problem i n  t h a t  damage occurs below ground, b u t  i f  
burrows a re  seen a t  t h e  base o f  p l an t s ,  assuliie t h e  p l a n t s  have been damaged. 

F ig .  4. Take t he  requ i red  number o f  steps i n t o  t h e  f i e l d  a long t he  
f i e l d  diagonal and s e l e c t  t he  p l a n t  nea res t  t he  f o o t  f o r  damage 
assessment. 
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5.1.4 Damaqe Assessment i n  Dune Crops 

Dune p l  an t i ngs  o f  m i l  l e t  and sorghum can be 
sampled by t h e  1  i n e  t r a n s e c t  method. Se lec t  t h e  
s i d e  t o  s t a r t  f rom by choosing a  number f rom I t o  
4, l e t t i n g  t h e  numbers represen t  t h e  compass 
d i r e c t i o n s .  Then s e l e c t  25 numbers between 1  and 
150, us i ng  a  t a b l e  o f  random numbers. Arrange 
these  f rom lowes t  t o  h ighes t .  Take t h e  r e q u i r e d  
number o f  s teps  i n t o  t h e  f i e l d  a long t h e  
t r a n s e c t ,  and sample t h e  p l a n t  neares t  t h e  f o o t .  
Or, i f  a  quadrat  i s  t o  be used ( a  wooden sampl ing 
frame 50 by 50 cm), p lace  t h i s  over  t h e  p l a n t s  a t  
t h e  p o i n t  where t h e  f o o t  came down. Count a l l  
t h e  p l a n t s  as damaged t h a t  have been c u t  by 
roden ts  and f rom which t h e  seed head, o r  pan i c l e ,  
has been removed. Count and reco rd  a l l  undamaged 
p l a n t s  a l so .  Damage i s  c a l c u l a t e d  as g i ven  above. F ig .  5. Examine t h e  p l a n t  

nea res t  t h e  f o o t  f o r  
damage. 

5.1.5 Sampl i nq Frame 

The sampl ing frame cou ld  be o f  any s i z e  b u t  f o r  ease o f  hand l ing ,  a 50 cm by 
50 cm s i z e  i s  convenient .  Th i s  a l l ows  f o r  easy convers ion  t o  m e t r i c  s i nce  t h e  
frame i s  e x a c t l y  1/4 o f  a  square meter.  One s i d e  should be open f o r  ease o f  
p l a c i n g  t h e  frame i n t o  t h e  vege ta t i on  (F ig .  6 ) .  

F ig .  6. Sampling frame and placement i n  c rop  t o  be damage assessed. 
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6. PLANNING, MONITORING, AND OPERATING RODENT CONTROL PROGRAMS* 

6.1 The t rea tment  o f  roden t  i n f e s t a t i o n s  i d e a l l y  i nvo l ves  4 q u i t e  separate 
a c t i v i t i e s .  F i r s t ,  a  survey i s  made o f  t h e  i n f e s t e d  area t o  d i s c o v e r  t h e  
e x t e n t  and na tu re  o f  t h e  problem (Problem D e f i n i t i o n ) .  Second, t h e  
i n f o r m a t i o n  gathered d u r i n g  t h e  survey i s  used t o  develop a  p l a n  o f  a c t i o n  
( A c t i o n  Plan) .  Th i r d ,  t h e  p l a n  i s  p u t  i n t o  o p e r a t i o n  (Rodent C o n t r o l  
Operat ions).  Four th ,  w h i l e  t h e  p l a n  i s  be ing  c a r r i e d  out ,  i t  i s  mon i to red  t o  
check t h a t  t h e  t rea tments  a re  go ing  accord ing t o  p l a n  and p e r m i t s  t h e  p l a n  t o  
be changed where necessary i n  o rder  t o  ensure i t s  success fu l  outcome (Program 
H o n i t o r i n g ) .  I n  p r a c t i c e  i n  s imple s i t u a t i o n s ,  an exper ienced person can 
merge some o f  these a c t i v i t i e s  t o g e t h e r  ( i  .e. survey and p lann ing  t o g e t h e r  
w i t h  i n i t i a t i n g  a c t i o n  and mon i t o r i ng  t oge the r  w i t h  c o n t i n u i n g  a c t i o n )  f o r  t h e  
sake o f  speed and e f f i c i e n c y .  

When a  l a r g e  area i s  t o  be t r ea ted ,  i t  i s  g e n e r a l l y  c a l l e d  a  roden t  c o n t r o l  
program. Such a  progralii o f  t rea tments  r e q u i r e s  e x a c t l y  t h e  same 4 a c t i v i t i e s  
as t h e  i n d i v i d u a l  t reatments ,  bu t  because t h e  success o f  t h e  program w i l l  
depend on understanding t h e  r o l e  o f  a  l a r g e  number o f  i n t e r a c t i n g  and o f t e n  
complex f a c t o r s ,  i t  i s  e s s e n t i a l  t o  keep t h e  4 a c t i v i t i e s  as separa te  as 
poss ib l e .  Most r oden t  c o n t r o l  programs a re  i n v o l v e d  w i t h  p r e v e n t i n g  roden t  
damage t o  a  growing crop, such as m i l l e t  o r  wheat. I n  t h i s  case, t h e  co- 
o r d i n a t i o n  o f  t rea tments  i s  e s s e n t i a l  f o r  success. Areas f o r  t r ea tmen t  must 
be scheduled and t h e  needed manpower, supp l ies ,  and equipment must be on hand. 

I n  o rde r  t o  develop a  p l a n  f o r  a c t i o n  f o r  a  r oden t  c o n t r o l  program, t h e  
p lanner  needs two main types  o f  i n f o rma t i on .  He o r  she needs t o  know t h e  
n a t u r e  and e x t e n t  o f  t h e  problem, i n c l u d i n g  what methods and resources  a re  
a l ready  be ing used t o  t a c k l e  i t .  He o r  she needs t o  know what o t h e r  methods 
and resources cou ld  be used t o  improve t h e  s i t u a t i o n .  I n  d e c i d i n g  how t h e  
s i t u a t i o n  can be improved, t h e  p lanner  should know what a c t i o n s  i n  s i m i l a r  
s i t u a t i o n s  o the rs  have taken, so t h a t  he o r  she can avo id  t h e i r  m is takes  and 
seek t o  emulate t h e i r  successes. 

6.1.1 Problem D e f i n i t i o n  

6.1.1.1. Taking a  sample 

I t  i s  r a r e l y  p o s s i b l e  o r  d e s i r a b l e  t o  c a r r y  o u t  a  complete survey o f  an area 
t o  o b t a i n  p lann ing  data,  un less  t h e  area i s  ve ry  sma l l .  For  normal purposes a  
sample o f  about 200 u n i t s  (a  f i e l d  o r  a  hec ta re )  should be s e l e c t e d  a t  random 
from t h e  t o t a l  popu la t i on  o f  u n i t s  i n  t h e  area. I f  however, i t  i s  thought  
d e s i r a b l e  t o  make comparisons o f  d i f f e r e n t  t ypes  o f  u n i t ,  say g r a i n  f i e l d s  on 
dunes versus vege tab le  f i e l d s  i n  wadis (an A rab i c  word meaning o a s i s ) ,  i t  may 
be necessary t o  t ake  a  l a r g e r  sample, perhaps s t r a t i f i e d  a t  t h e  s t a r t  i n t o  
u n i t  types (dune f i e l d s ,  wadi f i e l d s ,  e t c . ) .  Even w i t h  appa ren t l y  s imp le  
surveys, i t  i s  bes t  t o  seek t h e  adv ice  o f  a  s t a t i s t i c i a n  a t  t h e  o u t s e t  so t h a t  
t he  survey can be undertaken as e f f i c i e n t l y  as p o s s i b l e  and t h e  c o r r e c t  degree 
o f  conf idence can be placed i n  t he  r e s u l t s .  

* Adapted i n  p a r t  from David C. Drummond, Rodent Pests and T h e i r  Con t ro l ,  
1981, GTZ, Eschborn, West Germany, N. Weis, e d i t o r .  
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The b e s t  way t o  p i c k  f i e l d s  a t  random i s  t o  o b t a i n  a  l a r g e  map o f  t h e  area 
w i t h  t h e  f i e l d s  marked i n .  I f  t h i s  i s  n o t  poss ib l e ,  t hen  t a k e  a  map o f  t h e  
area and d i v i d e  i t  i n t o  a  g r i d  o f  approx imate ly  100 hec ta res  each square 
k i l o m e i e r  and a t  l e a s t  10 k i l ome te r s  on each s ide .  Take 200 samples f rom t h e  
100 km area by u s i n g  a  t a b l e  o f  random numbers. Take a  random number f rom 0  
t o  99 t o  s e l e c t  t h e  f i e l d s  on t h e  west t o  eas t  ax i s ;  t hen  t a k e  ano ther  random 
number f rom 0 t o  99 t o  s e l e c t  t h e  f i e l d  on t h e  n o r t h  - sou th  ax i s .  Where t h e  
two numbers i n t e r s e c t ,  i s  t h e  f i e l d  
t o  be sampled. F i g .  1 i l l u s t r a t e s  
t h e  method. 

6.1.1.2 Observat ions i n  each sample 
u n i t  

(a)  Measurements o f  damage and 
i n f e s t a t i o n :  One o f  t h e  most 
impo r tan t  b i t s  o f  i n f o r m a t i o n  t h a t  
t h e  p l anne r  needs i s  some i d e a  o f  t he  
economic c o s t  o f  t h e  damage so t h a t  
he can dec ide  what l e v e l  o f  resources 
should  be used t o  reduce i t .  Methods 
a re  a v a i l a b l e  f o r  measuring damage t o  
growing c rops  by s e l e c t i n g  a  random 
p o i n t  f o r  survey and then  coun t i ng  
t h e  number o f  r o d e n t - c u t  t i l l e r s  o r  
stems and those n o t  c u t .  The number c m a  0 6  
c u t  i s  then  expressed as a  percen t  o f  
t he  t o t a l  t i l l e r s .  T h i s  method some- 
t imes under -es t imates  t h e  ac tua l  ' i 4  

y i e l d  l o s s  and improved methods a r e  needed. I n f o r m a t i o n  on roden t  i n f e s t a t i o n  
i s  a l s o  recorded, such as number o f  a c t i v e  burrows seen, a c t i v e  runways, e t c .  
The s e l e c t i o n  o f  t h e  sampl i n g  p o i n t s  can be done by f i r s t  s e l e c t i n g  t h e  f i e l d  
co rne r  a t  random f rom numbers 1 th rough  4.. L e t  one o f  t h e  numbers s tand f o r  
t h e  co rne r  neares t  t h e  n o r t h  s i d e  o f  t h e  f i e l d .  A f t e r  t h e  c o r n e r  i s  se lected,  
then use t h e  f i e l d  d iagonal  as t he  t r a n s e c t  
a long which t o  take  t he  survey samples. Us ing 1 2 
a  t a b l e  o f  random numbers, t ake  25 samples 
a long  t h e  t r a n s e c t ,  s e l e c t i n g  numbers f rom 1 
t o  150 ( t h e  usual  number o f  s teps across an 
acre,  o r  0.4 hec ta re ) .  Each number equals  one 
s tep  (see F i g .  2 f o r  example). 

(b)  Other  observa t ions :  As w e l l  as knowing 
what l e v e l s  o f  damage and i n f e s t a t i o n  e x i s t ,  
the  p l anne r  w i l l  a l s o  need t o  know as much as 
p o s s i b l e  about what f a c t o r s  have g i v e n  r i s e  t o  
the  problem, e s p e c i a l l y  those f a c t o r s  which 
can be most r e a d i l y  changed t o  reduce i t .  
Thus, f o r  exarnple, i n  each sarrlpl i n g  u n i t  
observa t ions  may be made on what growth s tage F i g .  2 

i s  t he  c rop  i n  a t  t he  t ime o f  the  survey; 
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what po isons a re  be ing  used and where and how o f t e n  they  a re  d i s t r i b u t e d ;  what 
removable roden t  food and she1 t e r  i s  present ;  how many people have done rodent, 
c o n t r o l  work. 

6.1.2 Naking the Action Plan 

6.1.2.1 Ob jec t i ves  and P r i o r i t i e s  

It i s  d e s i r a b l e  t o  have an, ideal  l o n g  t e r m  o b j e c t i v e  (e.g. a r e d u c t i o n  o f  
roden t  damage t o  growing crops t o  such a  l ow  l e v e l  t h a t  everywhere i t  ceases 
t o  be o f  any economic importance) towards which a  program can s t r i v e .  On t h e  
o t h e r  hand, f o r  t h e  purposes o f  good p lann ing ,  t h e r e  a l s o  needs t o  be 
p r a c t i c a l  s h o r t  term ob jec t i ves ,  a t t a i n a b l e  w i t h i n  a  reasonable p e r i o d  o f  t ime  
(say 2 t o  5 yea rs )  and d e f i n a b l e  i n  measurable terms, so t h a t  p rogress  towards 
them can be mon i to red  and so t h a t  t h e i r  a t t a i nmen t  can be recognized.  

It w i l l  a lmost always be t h e  case t h a t  resources  a re  l i m i t e d  and t h e  p lanner  
must dec ide  o r  p r i o r i t i e s .  For  example, t h e  o b j e c t i v e s  o f  an a g r i c u l t u r a l  
roden t  c o n t r o l  program migh t  be d e f i n e d  as f o l l o w s :  

(a)  To reduce roden t  damage t o  ce rea l  c rops  below 2% i n  t h e  d e f i n e d  roden t  
c o n t r o l  area. The o b j e c t i v e  m igh t  g i v e  a  c e r t a i n  s i z e  area t o  be p ro tec ted ,  
say 100,000 ha. 

(b )  To reduce roden t  damage t o  l e s s  t han  10% i n  vegetable and o t h e r  i r r i g a t e d  
crops i n  wadis. Again, t h e  s i z e  o f  t h e  area t o  be p r o t e c t e d  c o u l d  be de f i ned  
as number o f  wadis o r  number o f  hec ta res .  

( c )  To reduce roden t  numbers t o  a  minimum (no more than  t h r e e  burrow openings 
per  hec ta re )  i n  a l l  remain ing areas so t h a t  r e - i n v a s i o n  o f  c rop  f i e l d s  w i l l  be 
minimized. It w i l l  be r e a d i l y  apprec ia ted  t h a t  by i n t r o d u c i n g  p r i o r i t i e s  i n t o  
t h e  o b j e c t i v e s ,  a  p l an  o f  a c t i o n  has a l r eady  begun t o  emerge. 

The dec i s i ons  needed t o  i n i t i a t e  t h e  a c t i o n  t o  reach t h e  program's o b j e c t i v e s  
can perhaps bes t  be made by cons ide r i ng  t h e  p l ann ing  i n f o r m a t i o n  a l r eady  
c o l l e c t e d  i n  r e l a t i o n  t o  a  s e r i e s  o f  ques t ions  as f o l l o w s :  

6.1.2.2 De tec t i on  o f  need f o r  c o n t r o l  
(a )  What methods a re  c u r r e n t l y  be ing  used t o  d e t e c t  t h e  need f o r  c o n t r o l  

and as a  t r i g g e r  f o r  a c t i o n  (e .g .  month ly  roden t  p o p u l a t i o n  
mon i t o r i ng ,  n i g h t  counts  a long roads, burrow coun ts )?  

(b)  What d e t e c t i o n  methods should be used? 
( c )  What a c t i o n  i s  needed t o  improve t h e  e x i s t i n g  methods and t o  

i n t r oduce  new methods? 

6.1.2.3 Cont ro l  methods t o  Use 
(a )  What c o n t r o l  methods ( i n c l u d i n g  b o t h  k i l l i n g  and env i ronmenta l  

man ipu la t i on  techniques)  a re  c u r r e n t l y  be ing  used? 
(b )  What c o n t r o l  methods should be used? 
( c )  What a c t i o n  i s  needed t o  i n t r oduce  new and improved techn iques?  
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6.1.2.4 Who should  do c o n t r o l  
(a)  Who i s  c u r r e n t l y  do ing  roden t  c o n t r o l  - Government o r  farmers? 
(b) Who should  do t h e  c o n t r o l  under t h e  c i rcumstances - ou tb reak  o r  l o c a l  

abundance? 
(c )  What a c t i o n  i s  needed t o  g e t  t h e  p rope r  a u t h o r i t y  t o  do t h e  c o n t r o l ?  

6.1.2.4 Resources on Hand and Required 
(a)  What resources, i n  terms o f  numbers and d i f f e r e n t  t ypes  o f  personnel ,  

equipment, m a t e r i a l s ,  and money a re  c u r r e n t l y  be ing  used? 
(b)  What resources a r e  needed? 
(c )  What a c t i o n  i s  needed t o  modify o l d  resources and o b t a i n  new 

reso.urces? 

6.1.2.5 Human s o c i a l  va lues 
(a)  What s o c i a l  a t t i t u d e s  o f  man a re  c u r r e n t l y  a f f e c t i n g  r oden t  c o n t r o l  

f o r  t h e  good o r  bad? 
(b)  What a t t i t u d e s  a re  needed? 
( c )  What a c t i o n  i s  needed e i t h e r  t o  a d j u s t  t h e  a v a i l a b l e  techno logy  t o  

e x i s t i n g  a t t i t u d e s  o r  t o  mod i fy  a t t i t u d e s  b e n e f i c i a l l y ?  

As w e l l  as us i ng  t h e  type  o f  p l a n n i n g  i n f o r m a t i o n  a l r eady  i n d i c a t e d  t o  answer 
t h e  above quest ions,  i t  may o f  course a l s o  be necessary t o  t a k e  i n t o  account 
t h e  p o l i c i e s  o f  t h e  Government o f  t h e  day. Fo r  example, t h e  smal l  farmer  may 
be r e q u i r e d  t o  be s e l f - s u p p o r t i n g  and t a k e  a c t i o n  f o r  h i m s e l f  even though 
p l ann ing  i n f o r m a t i o n  may i n d i c a t e  t h a t  c e n t r a l  o r  l o c a l  government a c t i o n  
taken on h i s  b e h a l f  m igh t  be more c o s t  e f f e c t i v e  f rom t h e  v i e w p o i n t  o f  
n a t i o n a l  food p roduc t ion .  I n  a d d i t i o n ,  some o f  t h e  p l ann ing  i n f o r m a t i o n  may 
be t o o  imprec ise,  p a r t i c u l a r l y  t h a t  concerned w i t h  human a t t i t u d e s  and 
coopera t ion .  I n  such circumstances, i t  may be ve ry  d e s i r a b l e  t o  c a r r y  o u t  a  
p i l o t  c o n t r o l  scheme i n  o r d e r  t o  f o r e c a s t  how much funds w i l l  be needed t o  
c a r r y  o u t  a  l a r g e  sca le  program. The resources needed f o r  such t h i n g s  as 
t r a i n i n g  f o r  a g r i c u l t u r a l  p l  an t  p r o t e c t i o n  agents,  genera l  pub1 i c i  ty, 
t r a n s p o r t ,  and l o c a l  s to rage  f a c i l i t i e s  a re  f r e q u e n t l y  under -es t imated  through 
l a c k  o f  t he  s o r t  o f  exper ience t h a t  a  p i l o t  scheme would be a b l e  t o  p rov ide .  

I n  sec t i on  6.1.2.4 above, a  d e c i s i o n  was made as t o  who w i l l  c a r r y  o u t  t h e  
roden t  c o n t r o l  program. W i l l  t h e  Government under take t h e  l a r g e - s c a l e  program 
needed t o  b r i n g  roden t  c o n t r o l  t o  t h e  farms and v i l l a g e s  i n  t h e  a f f e c t e d  
reg ions?  I f  so, t h i s  w i l l  r e q u i r e  a  ma jo r  l ong - t e rm  e f f o r t  w i t h  ex tens i ve  
subsidy and even may need e x t e r n a l  donors t o  a s s i s t  i n  t h e  fund ing .  O r  should  
t he  r oden t  c o n t r o l  program be farmer-based, w i t h  t he  ass is tance  o f  t he  
Government i n  p r o v i d i n g  t h e  needed resources?  A farmer-based program migh t  be 
much l e s s  expensive t o  implement. 

6.1 .3  Farmer-Based Rodent Contro7 

A farmer-based approach would " i n t e g r a t e "  r o d e n t  c o n t r o l  as one o f  the  
e s s e n t i a l  a c t i v i t i e s  necessary f o r  farmers t o  produce and s t o r e  a  successfu l  
ha rves t  - j u s t  as the  use o f  qua1 i t y  seeds, f e r t i l i z e r s ,  and weed c o n t r o l  are  
p a r t  o f  a  successfu l  e f f o r t  t o  produce t h e  c rop .  Th is  approach would r e q u i r e  
t h a t  the Government c rop  p r o t e c t i o n  s e r v i c e s  and t h e  a g r i c u l t u r a l  ex tens ion  
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s e r v i c e s  see t h a t  t h e  necessary roden t  c o n t r o l  m a t e r i a l s  ( b a i t s ,  t o x i c a n t s ,  
fumigants ,  t r a p s )  and i n fo rma t i on  about r oden t  c o n t r o l  methods (brochures, 
pos te r s ,  r a d i o ,  audio casset tes,  v ideotapes)  a r e  ava i  1  a b l e  t o  farm fami 1  i es .  
The c r o p  p r o t e c t i o n  se rv i ces  would be r e s p o n s i b l e  f o r  oversee ing  t h e  
a v a i l a b i l i t y  o f  formulated b a i t s ,  fumigants,  and i nexpens i ve  t r a p s  a t  v i l l a g e  
and ma jo r  market town l e v e l  i n  t h e  a f f e c t e d  reg ions  o f  t h e  coun t ry .  These 
m a t e r i a l s ,  i n  a1 1 p r o b a b i l i t y ,  .would have t o  be subs id i zed  by t h e  Government. 

The a g r i c u l t u r a l  ex tens ion  serv ices  would be respons i  b l  e  f o r  develop ing and 
d i ssem ina t i ng  i n f o r m a t i o n  on roden t  c o n t r o l  methods. Fo r  t h e  1 i t e r a t e  farmer, 
brochures, pos te rs ,  p i c t u r e  comics, and handbi 11 s, 1  i b e r a l  l y  i 11 us t ra ted ,  
cou ld  be u t i l i z e d .  These cou ld  be d i s t r i b u t e d  th rough v i l l a g e  markets, a t  
subp re fec tu ra l  o f f i c e s ,  a t  vo l  un ta r y  agency o f f i c e s ,  and t h rough  school 
c h i l d r e n  a t  schools .  For  t h e  i l l i t e r a t e  farmers,  t h e r e  i s  a  need f o r  audio 
casse t tes ,  v ideotapes, and r a d i o  messages conveying i n f o r m a t i o n  on roden t  
c o n t r o l  i n  a  v a r i e t y  o f  e n t e r t a i n i n g  ways i n  l o c a l  languages and d i a l e c t s .  
These m a t e r i a l s  cou ld  be presented t o  farmers a t  p lanned t r a i n i n g  sessions, 
perhaps a t  markets on market day, 

6.1.3.1 S u r v e i l l a n c e  and Mon i t o r i ng  

Even b e f o r e  t h e  crops a r e  p lanted,  t h e  farmer,  o r  h i s  f a m i l y  members, should 
survey t h e  c rop  f i e l d s ,  ad jacent  f a l l o w  o r  waste areas, and areas around t h e  
fa rm b u i l d i n g s  f o r  s igns  o f  rodents  (burrows, runways, f e c a l  d ropp ings) .  Any 
pockets  o f  roden t  i n f e s t a t i o n  found should be e l i m i n a t e d  w i t h  po ison  b a i t s ,  
t r aps ,  and fumigants  t o  prevent  t h e  an imals  f rom i n v a d i n g  t h e  p l a n t e d  crops. 
Much c a r e  should be taken by t he  farmer  when us ing  po i son  b a i t s  around 
l i v e s t o c k  and c h i l d r e n  i n  t h e  farm b u i l d i n g s .  

The fa rmer  should con t inue  s u r v e i l l a n c e  f o r  r oden t  i n f e s t a t i o n  and p l a n t  
damage a f t e r  t h e  crops a re  p lanted.  A r o u t i n e ,  once-per-week survey o f  t h e  
c rop  f i e l d s ,  ad jacen t  waste areas and around t h e  fa rm b u i l d i n g s  should be 
done. I f  s igns  o f  roden ts  are found, t he  i n f e s t a t i o n s  should be d e a l t  w i t h  a t  
once. Th i s  r o u t i n e  should be mainta ined u n t i l  t h e  c rops  a re  harvested and 
e i t h e r  p u t  i n  s to rage  o r  taken t o  t h e  l o c a l  market t o  be s o l d .  

Waste areas should be c l ea red  o f  grasses, weeds, and shrubs, o r  a t  l e a s t  the  
undergrowth should be c l ea red  ou t .  Fences should be k e p t  neat,  w i t h  a  minimum 
o f  t h o r n y  brush used and t h e  areas underneath kep t  c l e a n  t o  d iscourage r a t s  
f rom l i v i n g  t he re .  A l l  waste foods found around l i v e s t o c k  f eed ing  areas 
should be cleaned up and bu r i ed  o r  burned. Foods s t o r e d  indoors  should be 
kep t  i n  earthenware o r  metal con ta ine rs  t o  p reven t  r oden t  damage. 

The farmer  should mon i t o r  the  success o f  h i s  e f f o r t s  by n o t i n g  i f  roden t  s igns 
have decreased o r  disappeared. Burrow openings should be c l osed  and r e -  
checked t o  see i f  they  a re  re-opened. Along w i t h  s u r v e i l l a n c e ,  mon i t o r i ng  
should be cont inuous u n t i l  t he  crops a re  harvested.  Cond i t i ons  i n  t he  crops 
change as t he  c rop  grows and begins t o  mature. Weeds may become impor tant  and 
c o n t r i b u t e  t o  t he  roden t  i n f e s t a t i o n  by p r o v i d i n g  a d d i t i o n a l  cover .  Weeding 
a t  t h i s  t i m e  would b e n e f i t  not o n l y  inc reased  cerea l  g r a i n  p l a n t  growth, bu t  



RODENT CONTROL PROGRAMS 

would make t h e  roden ts  more vu lne rab le  t o  c o n t r o l  methods and p reda to rs .  
Cereal  g r a i n  c rops  a re  most vu lne rab le  t o  roden t  a t t a c k  i n  t h e  newly-p lanted 
stage, when roden ts  may d i g  up t h e  seeds before sp rou t i ng  and, again,  a t  t h e  
stages j u s t  as t h e  g r a i n s  s t a r t  t o  f i l l  w i t h  s ta rch ,  such as t h e  " m i l k "  stage 
and s o f t  dough stage. Damage i n f l i c t e d  on t h e  cerea l  g r a i n  p l a n t s  d u r i n g  t h e  
stages be fo re  p a n i c l e  fo rmat ion  g e n e r a l l y  a re  compensated f o r  by t h e  p l a n t s  
and l i t t l e  change i n  y i e l d  i s  seen. A f t e r  p a n i c l e  f o rma t i on ,  however, 
i n c r e a s i n g  losses  o f  y i e l d s  a re  seen i f  damage con t inues  as t h e  c rop  matures. 
For  these  reasons, t h e  f a p e r  needs t o  mon i t o r  t h e  c o n d i t i o n  o f  h i s  f i e l d s  on 
a  weekly bas i s  t o  d e t e c t  roden t  i n f e s t a t i o n s  and p l a n t  damage b e f o r e  t hey  
become s e r i  ous . 
6.1.3.2 Feed-back and Eva lua t ion  

Feed-back f rom t h e  mon i t o r i ng  o f  t h e  c o n t r o l  e f f o r t s  on t h e  roden t  p o p u l a t i o n  
a l l ows  t h e  farmer  t o  r e - a d j u s t  h i s  s t r a tegy .  Sometimes t h e  po ison  b a i t s  prove 
i n e f f e c t i v e  because t h e  c rop  i t s e l f  i s  more a t t r a c t i v e  as food. Bai t -shyness 
may have developed i n  t he  roden t  s u r v i v o r s  because o f  severa l  a p p l i c a t i o n s  o f  
t h e  same acute poison. A  change i n  c o n t r o l  methods i s  needed. Where poisons 
f a i l ,  t r a p s  may ca tch  t h e  s u r v i v o r s  o f  p rev ious  po ison ings .  

I n  a d d i t i o n  t o  farmer-feedback, t h e  roden t  c o n t r o l  e f f o r t  should be eva lua ted  
by teams o f  c rop  p r o t e c t i o n  personnel.  These teams should eva lua te  t h e  
a v a i l a b i l i t y  o f  roden t  c o n t r o l  m a t e r i a l s  and i n f o r m a t i o n  f o r  t h e  farmers and 
t h e i r  acceptance by them. The p r o p o r t i o n  o f  farmers adop t i ng  roden t  c o n t r o l  
methods should be determined through farmer i n te r v i ews .  The e v a l u a t i o n  teams 
should f i n d  i f  t h e r e  were any r e s t r a i n t s  on t h e  use o f  t h e  c o n t r o l  methods and 
i f  t h e  i n f o r m a t i o n  p rov ided  was app rop r i a te  and u s e f u l .  At tempts should be 
made t o  determine i f  t h e  farmer-based rodent  c o n t r o l  was e f f e c t i v e  i n  reduc ing  
c rop  losses  and i n  i nc reas ing  c rop  y i e l d s .  Some o f  t h i s  c o u l d  be done by 
damage assessments i n  crop f i e l d s  d u r i n g  t he  growing season; o t h e r  i n f o r m a t i o n  
cou ld  be gathered from i n t e r v i e w s  w i t h  farmers.  The e v a l u a t i o n  should p o i n t  
o u t  areas i n  need o f  improvement o r  changes i n  s t r a t e g y .  

6 .1 .4  Government Rodent Contro7 Operations 

The a l t e r n a t i v e  approach t o  r oden t  c o n t r o l  i s  t o  have government agencies 
under take t h e  work. Th is  approach may have t o  be done i n  case o f  widespread 
outbreaks o f  roden t  popu la t ions .  I n  t imes  o f  normal l e v e l s  o f  roden ts  i n  t h e  
f i e l d s ,  a  farmer-based program, backed by Government he1 p, as descr ibed  above, 
would seem t h e  b e t t e r  approach. A t y p i c a l  government-based roden t  c o n t r o l  
program i s  descr ibed  be1 ow. 

6.1.4.1 S t a f f i n g  t h e  Program 

Local c o n d i t i o n s ,  p a r t i c u l a r l y  those a f f e c t i n g  t he  a v a i l a b i l i t y  o f  funds and 
manpower, can i n f l u e n c e  t h e  o r g a n i z a t i o n  and s t a f f i n g  o f  r oden t  c o n t r o l  
programs. I n  conduct ing long- te rm rodent  c o n t r o l  programs i t  i s  p r e f e r a b l e  t o  
r e c r u i t  and t r a i n  permanent s t a f f .  The o v e r a l l  supe rv i so r  o f  t h e  program 
should be a  p ro fess iona l  o r  semi-profess ional  b i o l o g i s t  o r  r oden t  c o n t r o l  
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spec ia l  i s t  hav ing  a  good knowledge o f  roden t  c o n t r o l  techn iques  and how bes t  
t o  use them i n  t h e  l o c a l  s i t u a t i o n .  Good o r g a n i z a t i o n a l  and a d m i n i s t r a t i v e  
a b i l i t i e s  a re  needed and t h e  person concerned must be a b l e  t o  deal  e f f e c t i v e l y  
w i t h  o t h e r  departments and agencies i n  t h e  area. 

A  team l e a d e r  i s  e s s e n t i a l  t o  d i r e c t  and superv ise  t h e  work o f  f i e l d  s t a f f ,  t o  
ar range t h e  d a i l y  schedule o f  a c t i v i t i e s ,  and t o  handle r e p o r t s  and records.  
A  s t o r e  w i t h  a s torekeeper  t o  oversee t h e  safe-keeping and supp ly  o f  
r o d e n t i c i d e s ,  t r aps ,  weigh ing and o t h e r  equipment, i s  a1 so necessary and room 
should be s e t  as ide  f o r  th'e m ix i ng  and packaging o f  b a i t .  F i e l d  workers a re  
needed t o  conduct surveys and c a r r y  o u t  c o n t r o l  ope ra t i ons .  P ick-up t r u c k s  o r  
vans a r e  r e q u i r e d  t o  t r a n s p o r t  f i e l d  teams toge the r  w i t h  t h e i r  equipment. 

F i e l d  s t a f f  should be organized i n t o  teams; i d e a l l y  one f i e l d  l e a d e r  and a  
smal l  number o f  p l a n t  p r o t e c t i o n  opera to rs  (2-5) would make up one team. Each 
team should be assigned t o  a  s p e c i f i e d  d i s t r i c t  w i t h i n  t h e  a rea  se lec ted  f o r  
comprehensive c o n t r o l .  F l e x i b i l  i t y  i s  impor tan t ,  however, and a  team assigned 
t o  cover  a  c e r t a i n  area should be a v a i l a b l e  t o  move t o  ano the r  one i f  
necessary. As f a r  as p o s s i b l e  t h e  areas se lec ted  f o r  t r ea tmen t  should l i e  
ad jacen t  t o  each o t h e r  so as t o  reduce t h e  l i k e l i h o o d  o f  r e - i n v a s i o n  occu r r i ng  
f rom un t rea ted  areas. I t  i s  s t ressed  t h a t  good r e c o r d  keeping i s  e s s e n t i a l  t o  
ensure t h e  bes t  d i r e c t i o n  of  a c t i v i t i e s .  

A l l  s t a f f  should be thorough ly  t r a i n e d  i n  t h e  b i o l o g y  and behav io r  of rodents,  
i n  t h e  c h a r a c t e r i s t i c s  and hazards o f  t o x i c  m a t e r i a l s ,  i n  methods o f  roden t  
c o n t r o l  t o  be used, and i n  ways i n  which t o  eva lua te  t h e  success o f  t h e  
c o n t r o l  ope ra t i ons .  Th is  can be done through a  s e r i e s  o f  workshops and 
t r a i n i n g  courses. I n  a d d i t i o n ,  i n - s e r v i c e  t r a i n i n g  should be o f f e r e d  i n  an 
on-going b a s i s  and p e r i o d i c  r e f r e s h e r  courses should be g i ven .  A  s tandard 
o p e r a t i o n  procedures manual and t e c h n i c a l  manuals should be prepared and 
d i s t r i b u t e d  t o  a l l  ope ra t i ona l  personnel .  Attempts should be made t o  r e c r u i t  
t h e  b e s t  c a l i b e r  personnel .  

6.1.4.2 Suppl ies and Equipment 

Roden t i c i da l  concentrates,  t echn i ca l  m a t e r i a l s ,  and fumigan ts  should be 
s tocked i n  depots i n  t h e  areas where roden t  c o n t r o l  ope ra t i ons  a re  expected. 
The reason f o r  s t ock ing  concentrates o r  t e c h n i c a l  m a t e r i a l s  i s  t h a t  these keep 
q u i t e  w e l l  f o r  l ong  per iods ,  whereas s t o c k p i l i n g  o f  f o rmu la ted  b a i t s  runs t h e  
r i s k  t h a t  these may become i n s e c t - i n f e s t e d  o r  s p o i l e d  by excess ive  heat o r  
hum id i t y  over  a  p e r i o d  o f  t ime.  M i t h  concen t ra tes  o r  t e c h n i c a l  m a t e r i a l s  on 
hand, f r e s h  b a i t s  can q u i c k l y  be fo rmu la ted  a t  t h e  s i t e s  when needed. The 
concent ra tes ,  t echn i ca l  m a t e r i a l s ,  and fumigants  should be s t o r e d  i n  locked 
cab ine t s  i n  a  secure s t r u c t u r e .  Adequate s tocks  should be k e p t  so t h a t  even a  
l a r g e  roden t  outbreak cou ld  be d e a l t  w i t h .  Each depot should have b a i t   nixing 
equipment and a  supply  o f  p l a s t i c  bags f o r  bagging t h e  f i n i s h e d  b a i t s .  I f  t h e  
b a i t s  a re  t o  be appl i ed by p l a n t  p r o t e c t  i o n  personnel ,  i t  would be bes t  t o  
have c l o t h  o r  canvas bags w i t h  shoulder  s t r aps  f o r  c a r r y i n g  b a i t s  i n t o  the  
f i e l d .  If the  b a i t s  are t o  be supp l i ed  t o  farmers f o r  them t o  app ly  i n  t h e i r  
f i e l d s ,  then the  b a i t s  should be bagged i n  100 gram t o  1  k i l o g r a m  amounts i n  
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s t u r d y  p l a s t i c  bags. The a c t i v e  i n g r e d i e n t  and i t s  c o n c e n t r a t i o n  should be 
g i ven  on a  l a b e l  i n  each bag, along w i t h  s a f e t y  p recau t ions  and i n s t r u c t i o n s  
f o r  use o f  t h e  b a i t s  i n  t h e  l o c a l  language. 

A  good supply  o f  b a i t  boxes, f um iga t i on  equipment, and t r a p s  should be 
ma in ta ined  a t  each depot.  Rat -s ized and mouse-sized snap t r a p s  should be 
a v a i l a b l e  i n  numbers o f  severa l  hundred each. B a i t  boxes, i f  used i n  t h e  
f i e l d  c o n t r o l ,  should be s to red  i n  a knocked-down c o n d i t i o n ,  ready t o  be s e t -  
up when needed. These a l s o  should be a v a i l a b l e  i n  numbers o f  severa l  hundred. 
Rodent c o n t r o l  pos te r s  and h a n d b i l l s  f o r  farmers e x p l a i n i n g  i n  t h e  l o c a l  
language t h e  purpose o f  t h e  roden t  c o n t r o l  program should be on hand ready f o r  
d i s t r i b u t i o n  i n  t he  f i e l d .  

I d e a l l y ,  each roden t  c o n t r o l  team should have a  v e h i c l e  capable o f  c a r r y i n g  4  
t o  5 persons a long w i t h  t h e i r  b a i t s  and o t h e r  r oden t  c o n t r o l  equipment, such 
as b a i t  boxes, f um iga t i on  equipment, t r aps ,  e t c .  For  t h i s  purpose, a  4-wheel 
d r i v e  p ickup  t r u c k  w i t h  covered back i s  bes t .  The double seated p ickup  would 
be i d e a l .  I f  v e h i c l e s  a re  unava i lab le ,  then  a1 t e r n a t i v e s ,  such as ~ i i o to r cyc les  
o r  even b i c y c l e s ,  should be considered. 

6.1.4.3 Rodent Cont ro l  Program S t ra tegy  

When d e a l i n g  w i t h  roden t  popu la t ions  t h a t  a re  capable o f  outbreaks and o f  
reach ing  peak d e n s i t i e s  o f  100 t imes more than those seen a t  popu la t i on  lows, 
t h e  bes t  s t r a t e g y  i s  t o  do t he  c o n t r o l  i n  a  preventive manner i ns tead  of' a  
reactive manner. React ing t o  h i g h  roden t  numbers, t r y i n g  t o  deal  w i t h  peak 
roden t  popu la t ions ,  i s  n o t  e f f e c t i v e .  The damage t o  f i e l d  c rops  and s to red  
foods has a l ready  been done and e f f o r t s  a t  r oden t  c o n t r o l  i n  t h e  f i e l d  w i l l  
s imp ly  be a  waste o f  t ime,  money, and e f f o r t .  What i s  needed i s  t o  head o f f  
t h e  peak popu la t ions  be fo re  they develop. As m o n i t o r i n g  da ta  comes i n  
i n d i c a t i n g  t h a t  t h e  roden ts  are breeding i n  response t o  g reen ing  vege ta t i on  
and adequate r a i n f a l l ,  steps should immediately be taken t o  implement t h e  
c o n t r o l  program i n  t he  areas most a t  r i s k ,  i. e. those w i t h  crops i n  t h e  f i e l d  
and those v i l l a g e  s i t u a t i o n s  where foods a re  s to red .  The idea  i s  t o  c u t  t he  
roden t  d e n s i t i e s  be fo re  they can beg in  t o  b u i l d  up and t o  keep them low u n t i l  
t h e  crops are harvested o r  u n t i l  t h e  normal roden t  peaks would have passed. 

6.1.4.4 B a i t  Appl i c a t i o n  Methods 

(1) Burrow B a i t i n g  

P lac ing  b a i t s  i n t o  t h e  burrow openings o f  roden ts  i s  an o f t e n  used method o f  
l a y i n g  b a i t s .  Th is  works because many o f  t h e  pes t  roden ts  l i v e  i n  burrow 
systems and the  openings t o  the  burrows a re  f r e q u e n t l y  l e f t  open d u r i n g  Lhe 
day o r  a re  opened a t  n i g h t  when t he  roden ts  come o u t  t o  feed. The rodents  
encounter t he  b a i t s  when they at tempt  t o  leave  t he  burrow. Th is  i s  an i d e a l  
t ime s i nce  they are u s u a l l y  l e a v i n g  t o  go search f o r  food. Another advantage 
t o  p l a c i n g  t he  b a i t s  i n  burrows i s  t h a t  they a re  p rov ided  some p r o t e c t i o n  from 
b i r d s  and o t h e r  animals.  
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(2)  Broadcast B a i t i n g  

Broadcast b a i t i n g  i s  done i n f r e q u e n t l y  because t h e r e  a r e  some hazards w i t h  i t  
o f  po ison ing  non - ta rge t  animals. The b a i t  i s  spread by hand, machine, o r  
a i r c r a f t  over  t h e  area t o  be t r ea ted .  Th is  type  o f  b a i t i n g  i s  sometimes done 
i n  crops i n  which hand -ba i t i ng  i s  d i f f i c u l t ,  such as sugarcane. The 
a p p l i c a t i o n  r a t e  o f  t h e  b a i t i n g  i s  determined by t he  t o x i c i t y  o f  t he  
r o d e n t i c i d e  used, i t s  concen t ra t i on  i n  t he  b a i t ,  and t h e  t ype  o f  b a i t  used 
(whole g r a i n ,  cracked g r a i n ,  p e l l e t e d  b a i t s ,  e tc . ) .  I n  genera l ,  t h i s  k i n d  o f  
b a i t i n g  ope ra t i on  i s  n o t  reconiniended unless t h e r e  a re  no a l t e r n a t i v e s .  

(3) Conta iner  B a i t i n g  

, I n  o rde r  t o  p r o t e c t  b a i t s  f rom non- ta rge t  animals and t o  p r o v i d e  a  secure 
p lace  f o r  rodents  t o  feed, b a i t s  a re  sometimes p laced i n t o  c o n t a i n e r s  i n t o  
which o n l y  rodents  have access. These con ta iners  c o n s i s t  o f  bamboo tubes, PVC 
p ipe  tubes, wooden boxes, t i n n e d  cans, and p l a s t i c i z e d  cardboard m i l k  car tons .  
The con ta ine r  u s u a l l y  has one o r  two openings l a r g e  enough t o  admit  a  mouse o r  
r a t  (3 t o  10 cm i n  d iameter)  and a  p lace  i n s i d e  where t h e  b a i t  i s  secured. 
B a i t  con ta ine rs  a re  u s u a l l y  used i n  urban s i t u a t i o n s ,  l e s s  f r e q u e n t l y  i n  f i e l d  
crops s ince  they  a re  bu l ky  and l a r g e  numbers a re  needed f o r  f i e l d  s i t u a t i o n s .  
They have been used i n  r i c e  and wheat crops w i t h  success, however. They a re  
u s u a l l y  pu t  ou t  about 10 t o  t h e  acre, o r  25 t o  t h e  hectare,  which a l l ows  f i e l d  
rodents t h e  spacing i n  which t o  l o c a t e  them a f t e r  severa l  n i g h t s .  

6.1.4.5 Trapping Methods 

Traps a re  used o n l y  i n  spec ia l  c i rcumstances. Since house mice a re  much 
eas ie r  t o  t r a p  then a re  r a t s ,  mouse t r a p s  can be used w i t h  f a i r  success 
aga ins t  mice i n f e s t a t i o n s .  Mice i n s i d e  s t r u c t u r e s ,  such as food s to rage 
warehouses, can be d e a l t  w i t h  us ing  t r aps .  But t he  nun~ber o f  t r a p s  t o  use 
must be determined by t h e  degree o f  i n f e s t a t i o n .  I f  t h e  i n f e s t a t i o n  i s  
severe, then p robab ly  severa l  hundred t r a p s  should i n i t i a l l y  be l a i d .  
M u l t i p l e - c a t c h  t r aps ,  such as t h e  " T i n  Cat" can be used t o  reduce the  t r a p p i n g  
e f f o r t  over  t h a t  r e q u i r e d  w i t h  snap t raps ,  bu t  even w i t h  these, adequate 
numbers must be used t o  cover  t he  area. Since mice have l i m i t e d  ranges o f  
movement, u s u a l l y  o n l y  severa l  meters i n  diameter,  t r a p s  should be p laced 
every 3  meters o r  so t o  p rov ide  adequate coverage. I f  us ing  snap t raps ,  b a i t  
them w i t h  d r i e d  f i s h ,  n u t  meats, p ieces o f  bread, e t c .  f o r  house mice. 

Traps, placed ou t  i n  q u a n t i t y ,  may have a  p lace i n  c o n t r o l l i n g  rodent  
popu la t ions  around wadis.  Snap t r a p s  placed along rodent  runways i n  t h e  
thorny  fencerows around wadis may be very  e f f e c t i v e  i n  t a k i n g  ou t  Arvicanthis.  
P i t  t raps ,  made by bu ry ing  t i n n e d  cans o r  ear then j a r s  up t o  t h e i r  l i p s  i n  t h e  
sand, can be q u i t e  e f f e c t i v e  i n  ca t ch ing  small rodents,  who f a l l  i n t o  t h e  can 
o r  j a r  and a re  unable t o  escape. Th is  i s  a  method t h a t  farmers cou ld  use 
around t h e i r  f i e l d s  t o  prevent  t he  b u i l d - u p  o f  rodent  popu la t i ons .  The t r a p s  
need very  l i t t l e  maintenance once they are i n s t a l l e d .  
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6.1.4.6 Other Methods 

(1) Fumigat ion i s  sometimes used a g a i n s t  bu r row ing  roden ts .  However, where 
t h e  roden ts  a re  burrowed i n t o  sandy s o i l ,  t h e  fumigan ts  would be i n e f f e c t i v e  
because t h e  s o i l  would n o t  h o l d  t h e  gasses. I f  t h e  s o i l s  a r e  o f  loam o r  c l ay ,  
then  fumigants  cou ld  be used. Commonly used f i e l d  fumigants  a r e  aluminum 
phosphide t a b l e t s  and ca lc ium cyanide powder. Aluminum phosphide t a b l e t s  need 
no equipment o t h e r  than  a  long-handled spoon f o r  i n s e r t i n g  t h e  t a b l e t s  i n t o  
t h e  burrow and a  shovel  f o r  cove r i ng  t h e  burrow opening. U s u a l l y  one t a b l e t  
p e r  burrow opening i s  used. The burrow opening i s  c losed  a f t e r  i n s e r t i n g  t h e  
t a b l e t  and rechecked a  day o r  so l a t e r  t o  see i f  i t  was reopened. Any burrows 
reopened s h o d  d  be r e t r e a t e d .  

Calc ium cyanide i s  a p p l i e d  w i t h  a  d u s t i n g  a p p l i c a t o r .  T h i s  i s  a  hand pump 
w i t h  hose and a  c o n t a i n e r  f o r  h o l d i n g  t h e  cyan ide  powder. The ope ra to r ' s  f o o t  
ho lds  t h e  pump i n  p lace .  The hose i s  p u t  i n t o  t h e  burrow opening and s o i l  i s  
packed around i t  t o  make a  t i g h t  f it. A  few s t r okes  o f  t h e  pump handle  f o r ces  
t h e  cyanide powder down t h e  hose and i n t o  t h e  burrow. A  l e v e r  i s  f l i p p e d  and 
a  few more s t r okes  f o r c e s  a i r  i n t o  t h e  burrow, e f f e c t i v e l y  pushing t h e  cyanide 
powder deeper i n t o  t h e  burrow. A f t e r  t h e  hose i s  wi thdrawn, t h e  burrow i s  
c losed.  Persons do ing  burrow f um iga t i on  w i t h  cyanide should  always work i n  
p a i r s  and be p r o p e r l y  t r a i n e d  i n  s a f e t y  and f i r s t - a i d  p recau t ions ,  j u s t  i n  
case one o f  t h e  p a i r  becomes overcome by cyan ide  gas. I f  one member i s  
overcome by t h e  cyanide fumes, he should  be t r e a t e d  immediate ly  w i t h  an 
ampoule o f  a m y l - n i t r a t e ,  b reak ing  i t  and h o l d i n g  i t  under t h e  nose f o r  30 
seconds o u t  o f  every  2  minutes.  

(2)  H a b i t a t  man ipu la t i on  

Sometimes c e r t a i n  aspects o f  t h e  h a b i t a t  can be changed t o  reduce t h e  roden t  
popu la t i on .  Removing some o f  t h e  f a c t o r s  suppo r t i ng  roden t  l i f e  lowers t h e  
c a p a b i l i t y  o f  t h e  h a b i t a t  t o  m a i n t a i n  roden t  d e n s i t i e s .  For  example, t h e  
t h o r n y  fencerows b u i l t  around t h e  wadis t o  keep ou t  t h e  l i v e s t o c k  make 
e x c e l l e n t  h a b i t a t  f o r  A r v i c a n t h i s .  However, i t  i s  u n l i k e l y  t h a t  Chadian 
farmers w i l l  remove t h e  fencerows s i nce  t hey  a re  easy and cheap t o  make and 
serve t o  keep t h e  sheep and goa ts  ou t  o f  t h e  c rop  f i e l d s .  Unless t h e r e  i s  an 
inexpens ive s u b s t i t u t e ,  farmers w i l l  c on t i nue  t o  use t h e  fencerows. There a r e  
t h i n g s  t h a t  can be done, however. Any l i t t l e  waste areas around c u l t i v a t e d  
areas should be cleaned up and e l i m i n a t e d  s i nce  these may p r o v i d e  l i v i n g  
c o n d i t i o n s  f o r  roden ts .  Throwing r o t t e n  vegetab les and f r u i t s  ou t  o f  t h e  
f i e l d s  p rov ides  e x t r a  food f o r  roden ts .  R o t t i n g  produce should  be b u r i e d  o r  
burned ins tead .  

(3)  Good housekeeping 

Good household s a n i t a t i o n  i s  needed t o  keep i ndoo r  roden ts  f rom s to red  food 
supp l i es .  Leaving waste foods l y i n g  around w i l l  m a i n t a i n  mice and r a t  
popu la t i ons  indoors .  S to red  foods should  be kep t  i n  r o d e n t - p r o o f  con ta i ne rs  
(metal  o r  ear then)  i ns tead  o f  i n  j u t e  bags o r  open con ta i ne rs .  The house 
should be swept d a i l y  t o  remove any t r a c e s  o f  f o o d s t u f f s  l y i n g  around. Any 
waste foods should be fed  t o  l i v e s t o c k  o r  b u r i e d  i n  t h e  ground a  s h o r t  
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d i s t a n c e  from t h e  house. Animal foods should be s t o r e d  i n  roden t -p roo f  
con ta ine rs  (metal  o r  ear then con ta ine rs )  and s p i  1  l e d  foods c leaned up p rompt ly  
t o  avo id  a t t r a c t i n g  rodents .  I f  rodents  a r e  l i v i n g  i n  t h e  household, t hey  
should be t rapped o u t  w i t h  t h e  use o f  r a t  o r  mouse t r a p s .  

6.1.5 Comnunication S t r a t e g i e s  

There i s  a  need f o r  impa r t i ng  in fo rmat ion  t o  t h e  t a r g e t  groups ( fa rmers  and 
v i l l a g e r s )  i n  o r d e r  t o  inc rease  t h e  acceptance and e f f e c t i v e n e s s  o f  c o n t r o l  
programs. The i n f o r m a t i o n  should c r e a t e  awareness o f  t h e  problems and o f  
t h e i r  s o l u t i o n s  and mo t i va te  t h e  t a r g e t  groups t o  p a r t i c i p a t e  i n  t h e  c o n t r o l  
program. The i n fo rma t i on ,  awareness, and m o t i v a t i o n  can be t r a n s f e r r e d  
through a  v a r i e t y  o f  means, i n c l u d i n g  t h e  p o l i t i c a l  l eaders ,  t h e  p l a n t  
p r o t e c t i o n  se rv i ce ,  t h e  a g r i c u l t u r a l  ex tens ion  se rv i ce ,  t h e  schools ,  and t h e  
mass media, us i ng  rad io ,  t e l e v i s i o n ,  newspapers, pos te rs ,  h a n d b i l l s ,  and 
brochures. A  one-on-one w i t h  farmers ex tens ion  system approach has been found 
t o  be t h e  p r e f e r r e d  method i n  o t h e r  p laces.  

6.1.5.1 Mass Media 

The mass media can be u t i l i z e d  where t hey  p l a y  an a c t i v e  r o l e  i n  t h e  l i f e  o f  
t h e  community. I f  t h e  newspapers, magazines, r a d i o ,  and t e l e v i s i o n  a r e  a c t i v e  
i n  t h e  coun t r y  and reach a  l a r g e  segment o f  t h e  t a r g e t  groups, i n  t h i s  case 
farmers and v i l l a g e r s ,  they  can ve ry  e f f e c t i v e l y  be used t o  c r e a t e  and 
t r a n s f e r  i n f o rma t i on ,  awareness, and m o t i v a t i o n  about t h e  r o d e n t  problem and 
ways of  s o l v i n g  t h e  problems. However, i n  many c o u n t r i e s ,  t h e  mass media 
seldom reaches t h e  t a r g e t  groups because o f  a  l a c k  o f  persons a b l e  t o  read and 
because many persons l a c k  t h e  means t o  purchase r a d i o s  o r  t e l e v i s i o n s .  There 
may be no e l e c t r i c i t y  i n  t h e  v i l l a g e s ,  hence no way r a d i o  o r  t e l e v i s i o n  
communication cou ld  be used. 

6.1.5.2 Role o f  P l a n t  P r o t e c t i o n  

The p l a n t  p r o t e c t i o n  s e r v i c e  should p rov ide  t h e  resources needed f o r  t h e  
communication campaign. They should develop t h e  t r a i n i n g  m a t e r i a l s  r equ i red  
f o r  t h e  a g r i c u l t u r a l  ex tens ion  serv ice ,  which would i n c l u d e  a  s h o r t  t r a i n i n g  
manual f o r  ex tens ion  workers on roden t  c o n t r o l  programs and m a t e r i a l s  f o r  
ex tens ion  workers t o  convey t o  v i l l a g e r s  and fanners,  such as pos te r s ,  
h a n d b i l l s ,  brochures, and comic s t r i p s .  The p l a n t  p r o t e c t i o n  s e r v i c e  would 
o f f e r  a  s e r i e s  o f  one-week workshops t o  a g r i c u l t u r a l  ex tens ion  workers  
throughout  t h e  areas where roden t  c o n t r o l  ope ra t i ons  a re  expected. 

6.1.5.3 Role o f  A g r i c u l t u r a l  Extens ion 

I f  t h e  a g r i c u l t u r a l  ex tens ion  s e r v i c e  i s  a c t i v e  i n  t he  coun t ry ,  they  can be 
used t o  co~i i~ i iun icate much o f  t h e  i n f o r m a t i o n  and awareness m a t e r i a l s .  The 
des i r ed  roden t  c o n t r o l  i n f o r m a t i o n  can be conveyed t o  t he  ex tens ion  workers i n  
a s e r i e s  o f  one-week workshops, i n c l u d i n g  a  h a l f  day i n  t h e  f i e l d .  The p l a n t  
p r o t e c t i o n  s e r v i c e  cou ld  ho ld  a s e r i e s  o f  workshops i n  t h e  p a r t s  o f  t h e  
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coun t r y  where roden t  outbreaks a re  expected t o  be niost severe. The workshops 
should be c a r r i e d  o u t  w i t h  good demonstrat ion m a t e r i a l s  and w i t h  developed 
m a t e r i a l s  t h a t  t h e  ex tens ion  workers cou ld  t r a n s f e r  t o  farmers and v i l l a g e r s .  
These would i n c l u d e  posters ,  h a n d b i l l s ,  brochures, and comic s t r i p s ,  f o r  those 
t h a t  can read. For those unable t o  read, each ex tens ion  worker should be 
p rov ided  w i t h  an audio casse t t e  p l a y e r  and audio casse t t es  which convey t h e  
i n f o r m a t i o n  through songs, music, d ia logue,  and n a r r a t i v e s .  Demonstrat ion 
ma te r i a l s ,  such as t r a p s  and b a i t  packets, should a l s o  be a v a i l a b l e  t o  t h e  
ex tens ion  workers. 

The ex tens ion  workers should v i s i t  each v i l l a g e  p r i o r  t o  t h e  beg inn ing  o f  t h e  
c o n t r o l  opera t ions  i n  t h a t  area and p rov ide  t r a i n i n g  t o  t h e  v i l l a g e r s  and t h e  
l o c a l  farmers.  Pos te rs  should be hung a t  prominent  p laces  i n  each v i l l a g e  and 
h a n d b i l l s ,  brochures, and comic s t r i p s  l i b e r a l l y  d i s t r i b u t e d  t o  t h e  p u b l i c .  
The l o c a l  headman should be i nvo l ved  i n  t h e  t r a i n i n g .  

6.1.5.4 Role o f  Dec i s i on  Makers and Other Leaders 

I t  i s  very  impor tan t  t o  i n c l u d e  d i f f e r e n t  d e c i s i o n  makers i n  t h e  process o f  
c r e a t i n g  awareness f o r  t he  need f o r  roden t  c o n t r o l .  These persons need n o t  
n e c e s s a r i l y  be l i m i t e d  t o  people i n  t he  a g r i c u l t u r a l  sec to r .  They would 
i n c l u d e  p o l i t i c i a n s ,  v i l l a g e  headmen, un ion c o u n c i l  l eaders ,  j o u r n a l i s t s ,  
r a d i o  and t e l e v i s i o n  repo r te r s ,  and heads o f  schools .  Once these  i n d i v i d u a l s  
a re  mot ivated, they  l e n d  suppor t  t o  roden t  c o n t r o l  a c t i v i t i e s  w i t h i n  t h e i r  
areas o f  r e s p o n s i b i l i t y .  I t  i s  c r i t i c a l  t h a t  t h e  suppor t  o f  t h e  l e a d  
governmental agency i s  a t  hand, t h a t  o f  t he  M i n i s t r y  o f  A g r i c u l t u r e .  It. a l so  
i s  o f  p r imary  importance t h a t  adequate resources, i n  s t a f f ,  equipment, 
supp l ies ,  and funding, a re  a v a i l  ab le .  

6.1.6 I n t e g r a t e d  Pest Management S t ra teg ies  

I n t e g r a t e d  pes t  management (IPM) s t r a t e g i e s  a re  used t o  b r i n g  t o  bear a l l  t h e  
va r i ous  methods o f  roden t  c o n t r o l  aga ins t  t he  roden t  popu la t ions .  I n t e g r a t e d  
pes t  management does no t  mean t he  e l i m i n a t i o n  o f  r o d e n t i c i d e s ;  these m a t e r i a l s  
s t i l l  have a  r o l e  t o  p lay ,  bu t  I P M  t r i e s  t o  use t he  minimum amount necessary 
t o  do t he  j ob .  I P M  s t a r t s  w i t h  s u r v e i l l a n c e ;  o f  t h e  crops,  o f  t he  s to red  
foods, o f  t h e  burrows i n  t he  f i e l d s ,  e t c .  There i s  a  c e r t a i n  t h r e s h o l d  o f  
r oden t  popu la t i ons  o r  roden t  damage t o  growing c rops  t h a t  c a l l s  f o r  t he  need 
f o r  I P M .  Farmers should be aware o f  t h e  roden t  popu la t i ons  around o r  i n  t h e i r  
f i e l d s ;  i f  c rop  damage i s  v i s i b l e  t o  t he  farmer w h i l e  wa lk ing  through h i s  
f i e l d ,  then i t  i s  t ime t o  take  ac t i on .  A l l  p r e v i o u s l y  mentioned methods o f  
c o n t r o l  a re  then brought  t o  bear on t he  problem. Any h a b i t a t  changes t h a t  
w i l l  reduce roden t  popu la t ions  a re  i n i t i a t e d ;  s t o r e d  foods a re  p rov ided  
p r o t e c t i o n  from rodents  by us ing  roden t -p roo f  con ta ine rs ;  t r a p s  a re  used 
ex tens i ve l y ;  p reda to rs  are encouraged i ns tead  o f  be ing  k i l l e d ;  po ison  b a i t s  
and fumigants are used i n  the  l e a s t  amounts needed t o  do t h e  j o b .  The 
progress o f  t h e  c o n t r o l  opera t ions  i s  c o n t i n u a l l y  moni tored and evaluated,  by 
farmer feed-back and by surveys by program s t a f f .  
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6.1.7 M o n i t o r i n g  t h e  Operat ions 

It i s  q u i t e  common t h a t  what t h e  p lanner  p l ans  even i n  s imp le  ope ra t i ons  i s  
o f t e n  n o t  what a c t u a l l y  happens i n  p r a c t i c e .  For  t h i s  reason t h e  ope ra t i ons  
a c t u a l l y  be ing  undertaken t o  implement t h e  p l a n  need t o  be mon i to red  and 
ad jus ted  where necessary t o  conform w i t h  t h e  o r i g i n a l  p l an .  Or t h e  mon i t o r i ng  
may show t h a t  t h e  planned a c t i o n  was n o t  p r a c t i c a l  and t h a t  i t  i s  t h e  p l a n  
t h a t  needs changing t o  conform w i t h  r e a l i t y .  Another  p o s s i b i l i t y  may be t h a t  
m o n i t o r i n g  t h e  opera t ions  revea l s  t h a t  t h e  p l a n  i s  o p e r a t i n g  p e r f e c t l y  b u t  
m o n i t o r i n g  t h e  success i n d i c a t e s  t h a t  t h e  o b j e c t i v e s  a re  n o t  be ing  reached. 
Th i s  s i t u a t i o n  r e q u i r e s  a  change i n  t h e  o r i g i n a l  p l an .  

6.1-7.1 Post- t reatment  Surveys 

I n  essence mon i t o r i ng  t h e  program's success shou ld  s imp l y  be a  repea t  of t h e  
p r e l i m i n a r y  survey so t h a t  new and, i t i s  hoped, l owe r  l e v e l s  o f  damage and 
i n f e s t a t i o n  can be compared w i t h  t h e  r e s u l t s  o f  t h e  e a r l i e r  survey and w i t h  
t h e  program's ob jec t i ves .  I n  t h i s  way i t  w i l l  be seen how f a r  success has 
been achieved and how much f u r t h e r  t h e r e  s t i l l  remains t o  go. A1 so t h i s .  
m o n i t o r i n g  survey needs t o  use t h e  exac t  same obse rva t i ons  on f a c t o r s  
a f f e c t i n g  damage and i n f e s t a t i o n  as were made on t h e  e a r l i e r  survey, so t h a t  
any changes i n  damage can be c o r r e c t l y  a t t r i b u t e d  t o  a p p r o p r i a t e  ac t ions ,  
which i n  t u r n  can be expected t o  l e a d  t o  a  b e t t e r  unders tand ing  o f  t h e  
s i t u a t i o n  and b e t t e r  program management. 

I d e a l l y  a  new random sample should be used f o r  each m o n i t o r i n g  survey and t h e  
survey team should be independent o f  t h e  team c a r r y i n g  o u t  t h e  planned 
ope ra t i ons .  I n  t h e  cases o f  f i e l d  crops, surveys w i l l  have t o  be c a r r i e d  o u t  
d u r i n g  those  per iods  o f  t h e  year  when losses  due t o  roden ts  can be most e a s i l y  
measured. 

6.1.7.2 P i l o t  Schemes 

As a l r eady  s ta ted ,  t he  p lanner  may f e e l  t h a t  he has t o o  l i t t l e  i n f o rma t i on ,  t o  
p r e d i c t  whether h i s  p l a n  w i l l  work. I n  these  c i rcumstances he i s  wise t o  pu t  
h i s  p l a n  t o  t h e  t e s t  on a  smal l  s ca le  f i r s t  and run  a  p i l o t  roden t  c o n t r o l  
scheme. The p i l o t  scheme should be c a r r i e d  o u t  i n  an area l a r g e  enough t o  
c o n t a i n  w i t h i n  i t  a l l  t h e  problems l i k e l y  t o  be encountered i n  a  f u l l  s ca le  
ope ra t i on .  P re l im ina ry  damage and i n f e s t a t i o n  surveys and m o n i t o r i n g  surveys 
should be r u n  j u s t  as they would i n  a  f u l l  s c a l e  program. I f  poss ib l e ,  take  
random surveys from the  l a r g e r  p o t e n t i a l  program area. Comparing t h e  samples 
from t h e  two areas w i l l  make i t  e a s i e r  t o  see what problems need t o  be over -  
come i n  t h e  sma l le r  area and t o  p rov ide  some s o l u t i o n s  t o  t h e  whole program. 

P i l o t  schemes a1 so p rov ide  an i d e a l  o p p o r t u n i t y  f o r  roden t  c o n t r o l  research 
and ex tens ion  workers t o  g e t  toge ther .  The research  b i o l o g i s t  should be 
brought  i n  a t  an e a r l y  stage i n  t h e  p l ann ing  t o  ensure t h a t  t h e  c o n t r o l  
techno1 ogy and mon i t o r i ng  systems are  a p p r o p r i a t e  and t h a t  any modi f i c a t  ions 
t h a t  bare needed are i n  l i n e  w i t h  c u r r e n t  knowledge of  roden t  b i o l o g y  and 
behavior .  The p r a c t i c a l  exper ience o f  h e l p i n g  t o  r un  a  p i l o t  scheme w i l l  a l so  
serve t o  improve h i s  a b i l i t y  t o  d i r e c t  research  t o  p r a c t i c a l  ends. 
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6.1.7.3 Eva luat ion  o f  Control  E f f i c a c y  

The e f f i c a c y  o f  t he  c o n t r o l  t reatment should be evaluated w i t h i n  days o f  i t s  
complet ion. This  i s  done by comparing some measure o f  rodent  a c t i v i t y  taken 
before  treatment w i t h  the  same measure taken a f t e r  treatment.  A c t i v i t y  
measures i nc lude  (a) t h e  amount o f  unpoisoned b a i t s  eaten from conta iners,  (b) 
t he  sco r ing  o f  inked t r a c k i n g  t i l e s  as p o s i t i v e  o r  negat ive  f o r  rodent  
f o o t p r i n t s ,  (c )  t h e  counts o f  a c t i v e  and i n a c t i v e  burrows, (d)  t h e  numbers o f  
rodents taken i n  t raps,  and (e) t he  reduct ion  i n  rodent  damage t o  t rea ted  
f i e l d  crops. When food consumption i f  measured, i t  should be done f o r  per iods 
o f  3 t o  10 days be fore  and a f t e r  treatment.  The amounts p laced each n i g h t  are 
c a r e f u l l y  weighed and again weighed the  f o l l o w i n g  morning t o  determine 
consumption. Inked t r a c k i n g  t i l e s  are o f t e n  placed out  f o r  one n i g h t  on ly  bu t  
can be run  f o r  two n i g h t s  and the r e s u l t s  averaged. Burrow a c t i v i t y  should be 
assessed by c l o s i n g  each burrow w i t h  s o i l  and rechecking t o  record  how many 
are opened the  next morning. The number o f  rodents trapped should be done 
w i t h  l i v e - c a p t u r e  t raps  and t h e  rodents re leased a l i v e ,  otherwise the  t rapp ing  
w i l l  i n f l uence  the  r e s u l t s .  Results are expressed as the  percent  reduc t ion  i n  
food consumption, i n  t i l e  a c t i v i t y ,  burrow counts, o r  number o f  rodents 
trapped before and a f t e r .  A l l  r e s u l t s  and t h e i r  i n t e r p r e t a t i o n  should be 
conveyed t o  the  persons having done the  rodent  c o n t r o l ,  whether farmers o r  
opera t iona l  program personnel and supervisors. 
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8. SOURCES OF EQUIPMENT AND SUPPLIES 

Snap Traps: Mouse-sized ) 
R a t - s i z e d  1 

L i v e  Traps: Tomahawk 

L i v e  Trap: Sherman 1 
Snap Trap: Museum S p e c i a l  ) 
Peso1 a  Scal  es 
D i s s e c t i n g  K i t s  

1 
1 

Dust masks 1 

Gavage need1 es 
D isposab le  s y r i n g e s  

1 
1 

D i  sposable need1 es 
Forceps 

1 

Rule rs ,  mm and cm 
1 

Scal  p e l  s  
1 

S c i s s o r s  
1 
1 

B a i t  m i x i n g  equipment: 

Bal  ances: 

Water b o t t l e s  
Stoppers  
D r i n k i n g  tubes 
Food cups 

Roden t i c ides :  

Woodstream/Ekco Housewares 
9234 W. Belmont Ave. 
F r a n k l i n  Park,  I l l i n o i s  60131 USA 

Tomahawk Trap Company 
P. 0. Box 323 
Tomahawk, Wiscons in  54487 USA 

F o r e s t r y  S u p p l i e r s  I n c .  
205 W .  Rankin S t .  
P. 0. Box 8397 
Jackson, M i s s i s s i p p i  39284 USA 

Bax te r  S c i e n t i f i c  
1118 C l a y  S t r e e t  
N o r t h  Kansas C i t y ,  M i s s o u r i  64116 USA 

Hobar t  C o r p o r a t i o n  
Troy,  Ohio 45374 USA 

Ohaus C o r p o r a t i o n  
29 Hanover Road 
Florham Park,  New Jersey  07932 USA 

Ancare C o r p o r a t i o n  
P .  0. Box 661 
Nor th  Be l lmore ,  New York 11710 USA 

Pest c o n t r o l  Suppl i e s  
Kansas C i t y ,  M i s s o u r i  USA 




