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THE COVER 

The cover i l l u s t r a t e s  the broad i n t e r n a t i o n a l  scope o f  the  A I D -  
sponsored . In te rnat iona l  Programs o f  the Denver W i  1  d l  i f e  Research 
Center (DWRC) and two of the  most severe animal damage problems 
under i n v e s t i g a t i o n .  Research a t  DWRC and i n  the f i e l d  i nvo l ves  
eva lua t ion  o f  d i f f e r e n t  con t ro l  methods i n c l u d i n g  chemical, physi - 
c a l  , c u l t u r a l  , o r  o the r  techniques which have p o t e n t i  a1 f o r  p rov id -  
i n g  p o s i t i v e  b e n e f i t s  by reducing ver tebra te  damage i n  a g r i c u l t u r e .  
The pest  species, crop, farming methods, environmental fac t t j rs ,  and 
a  hos t  o f  o the r  cons idera t ions  may i n f l uence  the manner i n  which a  
p a r t i c u l a r  probl  en1 i s  approached. 

Ver tebrate damage i n  a g r i c u l t u r e  invo lves  a  v a r i e t y  o f  crops and 
species o f  animals, p r i m a r i l y  b i r d s  and rodents. D i r e c t  losses  
occur t y p i c a l l y  a t  p l a n t i n g  and sprout ing, dur ing  the m i l k  o r  dough 
stages ( f o r  g ra ins) ,  j u s t  before harvest,  o r  under posthavest 
storage condi t ions.  F i e l d  programs are invo lved i n  t r y i n g  t o  
reduce o r  a l l e v i a t e  t h i s  damage i n  several coun t r i es  o f  South and 
Central  America, A f r i ca ,  and Asia. 

I n  many areas o f  the world, rodent  damage t o  f i e l d  crops such as 
r i c e  i n  Asia causes severe reduct ion  o f  the human food supply and 
increases the r i  sks o f  small -farm a g r i c u l t u r e .  I n  1  ocal i zed  areas, 
rodents may be a  p r i n c i p a l  f a c t o r  l i m i t i n g  crop product ion; more 
of ten,  rodents u n o b t r ~ l s i v e l y  remove a  share o f  product ion before 
harvest--crop a f t e r  crop, season a f t e r  season. Although there a re  
more than 6,000 k inds  o f  rodents, on ly  about 50 can be considered 
s i g n i f i c a n t  a g r i c u l  t u r a l  pests. 

Losses t o  b i r d s  are l e s s  we l l  documented than those t o  rodents. 
Various species o f  par ro ts ,  parakeets, b l  ackbi rds, weavers, doves, 
seedeaters, pheasants, and waterfowl are among the  types o f  b i r d s  
known t o  cause damage i n  a g r i c u l t u r e  around the  world. Actual 
losses are d i f f i c u l t  t o  assess because damage i s  usua l l y  concen- 
t r a t e d  i n  l i m i t e d  areas and, due t o  the m o b i l i t y  o f  b i rds ,  i s  o f t e n  
seasonal, sporadic, and hard t o  p red i c t .  Red-b i l led  quelea i n  
A f r i ca  are perhaps the  s i n g l e  most important  ve r teb ra te  pes t  species 
i n  the world. 

Previous Page B 



CONTENTS 

THE COVER . . . . . . . . . . . . . . . . . . . . . . . . *  
. . . . . . . . . . . . . . . . . . . . . . . . . .  CONTENTS 

. . . . . . . . . . . . . . . . . . . . . . . .  INTRODUCTION 

PROGRAM DEVELOPMENT . . . . . . . . . . . . . . . . . . . *  
FIELD PROGRAMS . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  CARIBBEAN 

Surveys o f  V i l l a g e  Weaver (Ploceus c u c u l l  a tus )  . . . . . . .  Nest ing Col on i  es and Damage-ns 

Survey o f  Preharvest  Corn Losses t o  Ver tebrate 
Pests . . . . . . . . . . . . . . . . . . . . . . .  
Eval u a t i  ng Sustained B a i t i n g  f o r  Rodent Contro l  i n  . . . . . . . . . . . . . . . . . . .  Matur i  ng Rice 

Eva lua t ing  Sustained B a i t i n g  f o r  Rodent Contro l  i n  
Matur i  ng Corn . . . . . . . . . . . . . . . . . . .  
Cooperation With U.S. Peace Corps i n  t h e  Dominican . . . . . . . . . . . . . . . . . . . . .  Republ ic 

Personnel and T r a i n i n g  . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  BANGLADESH 

Assessing Damage t o  A g r i c u l t u r e  by Lesser Bandicoot . . . . . . . . . . .  Rats (Bandicota bengalensi s )  

Ant icoagulant  Rodent ic i  de Studies . . . . . . . . .  
Rodent Ecology i n  Sugarcane . . . . . . . . . . . .  
Comparative F i e l d  T r i a l s  o f  Two Rodent ic ides i n  
V i l  l age  Housing C l  us te rs  . . . . . . . . . . . . .  
B i r d  Damage t o  Sweet Corn . . . . . . . . . . . . .  
B i r d  Damage Contro l  i n  Sprou t ing  Wheat . . . . . .  

Page 

iii 

v 

1 

5 

7 

7 

. l P 
Previous Page 



BANGLADESH (con t  ' d) Page 

Cooperation With Nat ional  and I n t e r n a t i o n a l  
Organizat ions . . . . . . . . . . . . . . . . . . .  
Personnel and T ra in ing  . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  PHILIPPINES 

Developing and Eva1 u a t i n g  Methods t o  Reduce Rat . . . . . . . . . . . . . . . . .  Damage t o  Coconut 

Reinvasion o f  Rats Fol lowing Terminat ion o f  Crown 
B a i t i n g  i n  Coconut . . . . . . . . . . . . . . . .  
Rela t ionsh ip  o f  Weeds t o  Rat Damage i n  Corn . . . .  
E f f i c a c y  o f  Fumi gant  C a r t r i  dges t o  Control  
R i c e f i e l  d Rats (Rat tus  r a t t u s  rnindanensi s)  i n  
Burrows . . . . . . . . . . . . . . . . . . . . . .  
Evaluat ion o f  Rat Control  Techniques i n  
Experimental F i  e l  ds o f  t h e  I n t e r n a t i  onal Rice . . .  Research I n s t i t u t e  (Sayed Ahmed. M.S. Thesis) 

Rat Damage t o  Hawaiian Giant  I p i l - I p i l  (Leucaena . . . . . . . . . . . . . . . .  1 eucocephal a ) Trees 

Rat Damage t o  Coffee (Coffea robusta)  . . . . . . .  
Evaluat ing Methiocarb as a Repel lent  Against 

. P h i l  i pp ine  B i r d  Pests . . . . . . . . . . . . . . .  
Evaluat ing P l a s t i c  Leg Streamers as Markers f o r  
Mannikins and Sparrows . . . . . . . . . . . . . .  
Cooperation With Nat ional  and In te rna t i ona l  
Organizat ions . . . . . . . . . . . . . . . . . . .  
Personnel and T ra in ing  . . . . . . . . . . . . . .  

OUTREACH ACTIVITIES . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  AFRICA 

Radi o t e l  emetry W i  t h  Quel ea . . . . . . . . . . . .  
Radiotelemetry With V i l l a g e  Weavers . . . . . . .  



OUTREACH ACTIVITIES (cont  ' d l  

. . . . . . . . . . . . . .  Mass-marki ng o f  Quel ea 

. . . . . . . . . . . . . . .  Quel ea Col ony Surveys 

. . . . . . . . . . . . . .  Feather Trace Elements 

. . . . . . . . . . . .  Methi ocarb Repel 1 e n t  T r i  a1 s 

VERTEBRATE PEST PROBLEM DEFINITION . . . . . . . . . . .  
Egypt . . . . . . . . . . . . . . . . . . . . . . .  
Nicaragua . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  TRAINING 

. . . . . . . . . . . . . . . . . . . .  SUPPORTING RESEARCH 

Enhancing B i r d  Repel 1 ency t o  Methi ocarb by Adding . . . . . . . . . . . . . . . . . . . . . .  Sensory Cues 

Genetic Devel opment o f  Less-Suscepti b l  e V a r i e t i e s  o f  . . . . . . . . . . . . . . . . . . . . . . . .  Sorghums 

Repellency Charac te r i s t i cs  of  P l a n t  Substances . . . . .  
Devel oping Si 1 i c o n  Diox ide Gel s f o r  W i  1 d l  i f e  Management . . . . . . . . . . . . . . . . . . . . . .  Appl ica t ions  

Nest Mater ia l  as a Means o f  De l i ve r i ng  Avic ides . . . .  
Eval u a t i  ng Commerci a1 U l  t r ason ic  Rodent Repel 1 e n t  . . . . . . . . . . . . . . . . . . . . . . . .  Devices 

Breeding N i l e  Rats (A rv i can th i s  n i l o t i c u s )  and Lesser 
Bandicoot Rats (Bandicota bengalensi s 1 i n  C a p t i v i t y  . . 
Eval u a t i  ng Taste Add i t i ves  t o  Enhance the  Repel1 ency of . . . . . . . . . . . . . . . . . .  Methiocarb t o  Quelea 

. . . . . . . . . . .  Learned Aversion Responses o f  Rats 

Waterproofing 4-Aminopyri d ine Tableted B a i t  . . . . . .  
Test ing the  Commercial B a i t  vizonR on EPA Protocol  . . .  
Grooming Behavior and Condit ioned B a i t  Aversion i n  Rats 

Page 

59 

59 

60 

60 

65 

65 

66 

67 

69 



SllPPClRTING RESEARCH (con t ' d )  Page 

Relat ionship o f  Stored Fats t o  D ie ts  o f  Selected 
Vertebrate Pests . . . . . . . . . . . . . . . . . . . . 
Taste Q u a l i t i e s  o f  Rodenticides t o  Rattus norvegicus . . 
Acute Oral T o x i c i t y  and St ruc ture  Re1 a t ionsh ips  o f  
Monosubsti t u t e d  An i l  i n e s  and Pyr id ines  i n  Animals . . . 
Developing Ana ly t i ca l  Methods . . . . . . . . . . . . . 
Analyzing Methiocarb, Zinc Phosphide, and Compound 1080 
Residues . . . . . . . . . . . . . . . . . . . . . . . . 
Analyzing Zinc Phosphide Residues i n  Rats . . . . . . . 
Designing and Producing W i l d l i f e  Tracking Transmit ters . 

PERSONNEL . . . . . . . . . . . . . . . . . . . . . . . . .  
P U B L I C A T I O N S . . . . . . . . . . . . . . . . . . . . . . . .  

INTERNATIONAL VISITORS . . . . . . . . . . . . . . . . . . . 
PARTICIPATION I N  MEETINGS, CONFERENCES, SEMINARS . . . . . . 



VERTEBRATE DAMAGE CONTROL RESEARCH I N  AGRICULTURE 

INTRODUCTION 

Increas ing  food produc t ion  i s  one o f  the  most impor tan t  chal lenges 
f a c i n g  mankind. I n  some developing count r ies ,  t he  d i s p a r i t y  between 
a v a i l a b l e  food and popu la t ion  i s  both widespread and acute, desp i te  
t he  f a c t  t h a t  about one-half o f  the w o r l d ' s  popu la t ion  i s  a c t i v e l y  
engaged i n  a g r i c u l t u r e .  M i l l  i ons  o f  people i n  scores o f  na t i ons  
s t i l l  s u f f e r  hunger, ma1 n u t r i  t i o n ,  and s ta rva t i on .  The reasons are  
many and complex, bu t  c e r t a i n l y  ve r teb ra te  pests ( p r i m a r i l y  rodents 
and b i r d s )  a re  impor tan t  f ac to rs .  H i s t o r i c a l l y ,  they have n o t  
rece ived t h e  degree o f  a t t e n t i o n  g iven t o  o the r  a g r i c u l t u r a l  pests  
so tha t ,  w i t h  few except ions, l i t t l e  r e l i a b l e  i n fo rma t i on  on the  
species involved,  degree o f  damage, and the  economic impact, i s  
a v a i l  abl  e. Damage i s, however, unquest ionably c a l  c u l  a ted  i n  
hundreds o f  m i l l i o n s  and perhaps b i l l i o n s  o f  d o l l a r s  annual ly.  

I n  recent  years, the r o l e  o f  ve r teb ra te  depredat ions i n  a g r i c u l t u r e  
i s  a t t r a c t i n g  more i n t e r e s t  i n  developing nat ions. Recognizing 
t h i s ,  the  U.S. Agency f o r  I n t e r n a t i o n a l  Development (AID) has sup- 
por ted  a research program a t  the  Denver W i l d l i f e  Research Center o f  
t h e  U.S. F i sh  and W i l d l i f e  Serv ice (USFWS), s ince 1967 under a 
P a r t i c i p a t i n g  Agency Serv ice Agreement (PASA) as prov ided f o r  i n  
Sect ion 632B o f  the  Fore ign Assistance Act  o f  1961 (Table 1 ). The 
program goal i s  t o  evaluate these s i t u a t i o n s  and, when circumstances 
warrant,  develop methods t o  reduce o r  e l i m i n a t e  the  damage. For  
many years, DWRC has been recognized as a l ead ing  o rgan i za t i on  i n  
research i  ng ve r teb ra te  pes t  damage problems and developing use fu l  
t o o l  s  f o r  ve r teb ra te  pes t  management. I t s  p rob l  em-sol v i ng  team 
approach has l e d  t o  t he  development and use o f  new methods, 
mater i  a1 s, and techniques f o r  ve r teb ra te  pes t  c o n t r o l ,  r e s u l t i n g  i n  
monetary savings i n  several  developing count r ies .  

The o v e r a l l  o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  increase the  a v a i l a b l e  
human food supply i n  developing coun t r i es  by reducing losses  t o  
ve r teb ra te  pests. The u l t i m a t e  aim o f  the  pes t  management research 
program i s  t o  develop safe, e f f e c t i v e ,  and economical c o n t r o l  
methods which are su i  tab1 e and p r a c t i c a l  f o r  t r a d i t i o n a l  farmers 
and acceptable i n  t he  broader con tex t  o f  a g r i c u l t u r a l  development. 
Se l f -sus ta in ing ,  in -count ry  programs are  the  expected end resu l  t o f  
t h i s  p ro jec t .  Program goal s  a re  accompl i shed by ( 1  ) in -count ry  
programs, (2 )  outreach a c t i v i t i e s  from the  DWRC as requested by 
AID/Washington, A I D  Missions, o r  hos t  count r ies ,  ( 3 )  superv isory and 
a d m i n i s t r a t i v e  func t i ons  from the  DWRC and AID Washington, and ( 4 )  
probl  em-oriented research a c t i v i t i e s  a t  DWRC through the  Sect ions 
o f  S ~ ~ p p o r t i n g  Sciences, B i r d  Damage Contro l  , Mammal Damage Contro l ,  



and o the r  components o f  the  Center. Ver tebrate damage problems i n  
A f r i ca ,  Asia, and L a t i n  America are  cont inuously  reviewed w i t h  the  
aim o f  adapt ing c u r r e n t  techniques o r  ma te r i a l s  t o  s p e c i f i c  problem 
s i t u a t i o n s  i n  a  crop p ro tec t i on -o r i en ted  management program which 
w i l l  prov ide an e f f e c t i v e  means o f  long-term crop l o s s  reduct ion.  

The p r o j e c t  incorpora tes  a  balanced b u t  f l e x i b l e  program o f  app l i ed  
research, techno1 ogy t ransfer ,  and t r a i n i n g .  Research a c t i v i t i e s  
incorpora te  coordinated 1  aboratory i n v e s t i g a t i o n s  a t  DWRC and 
selected l abo ra to r i es  i n  developirig coun t r i es  w i t h  associated f i e l d  
t r i a l s  a t  appropr ia te  s i t e s  i n  s p e c i f i c  problem areas. A  team 
approach, us ing the  serv ices o f  an i n t e r d i s c i p l i n a r y  group o f  
s c i e n t i s t s  and techn ic ians  w i t h  d iverse  backgrounds and experience, 
coup1 ed w i t h  a c t i v e  i n v o l  vement o f  f o r e i g n  i nves t i ga to rs ,  resu l  t s  
i n  p r a c t i c a l  so lu t i ons  su i ted  t o  l o c a l  requirements. I n  add i t ion ,  
i t  creates a  favorab le  c l  imate f o r  cont inu ing  cooperat ion w i t h  
indigenous i n s t i t u t i o n s .  T ra in ing  o f  1  ocal counterpar ts  and 
i n s t i t u t i o n a l i z a t i o n  o f  both research func t ions  and implementation 
programs are viewed as i n t e g r a l  p a r t s  o f  the  o v e r a l l  p ro jec t .  

The Sect ion o f  I n t e r n a t i o n a l  Programs o f  DWRC prov ides support and 
d i r e c t i o n  t o  f i e 1  d  personnel, a s s i s t s  i n  es tab l  i s h i n g  r e l e v a n t  
research ob jec t i ves  f o r  labora tory  personnel, and coordinates the  
team e f f o r t s  o f  DWRC and cooperat ing s c i e n t i s t s .  The experienced 
DWRC s t a f f  i s  comprised o f  s p e c i a l i s t s  i n  d iverse  f i e l d s  such as 
ecology, physio l  ogy, pharmacology, w i  1  d l  i f e  b io logy,  n u t r i t i o n ,  
s t a t i s t i c s ,  animal psycho1 ogy and behavior, chemistry , and e lec t ron -  
i c s .  Several s t a f f  members have f o r e i g n  experience and f luency  i n  
f o r e i g n  1  anguages. Denver Center 1  abora tor ies  are  we1 1  equi pped 
w i t h  the ins t rumenta t ion  necessary t o  conduct research i n  each o f  
t h e  d i  s c i  p l  ines  i nvol ved. General admi n i  s t r a t i  ve support i s  pro-  
v ided i n  the  areas of f i s c a l  management, personnel matters, commod- 
i t y  procurement, records management, and coord ina t ion  o f  co r re -  
spondence, repor ts ,  and manuscripts. Re1 a ted  a c t i v i t i e s  i nc lude  
represent ing the program t o  o ther  organizat ions,  coord ina t ing  DWRC- 
based t r a i n i n g  f o r  AID p a r t i c i p a n t s ,  b r i e f i n g  v i  s i  t o rs ,  devel op i  ng 
cooperat ive programs w i t h  i n t e r n a t i o n a l  organizat ions,  p rov id ing  
techn ica l  in fo rmat ion  t o  USAID Missions o r  o ther  cooperators, and 
a s s i s t i n g  AID personnel i n  program development and nego t i a t i ons  
w i t h  f o r e i g n  governments. 

Throughout t he  repor t ,  re ference t o  t rade names does no t  imply 
endorsement by U.S. Government o r  cooperat ing f o r e i g n  agencies. 



Table 1. Organizat ional  char t .  

USFWS 
( P e i G K e l )  

USA1 D 
REGIONAL BUREAUS AND FOREIGN MISSIONS 

(bunding and Program Management) 

DWRC 
(Technical -ram Guidance 

and coo rd ina t i on )  

I 
SECTION OF SUPPORTING SCIENCES 

( Support and Development Research) 

I I Phanaco l  ogy B ioche i i  s t r y  

T e m p o r a r y  
L E I  e c t r o n i c s  Assignments Tra i  n i ng 

L Chemical 
Devel opment 

I 
OTHER DWRC SECTIONS 

(Technical and Support Serv ices)  
I 

L P ~ Y  s i  01 ogy Chemical 
Anal y s i  s 

T r a i n i n g  S t a t i s t i c a l  Services 

Temporary Assignments E d i t i n g  

SECTION OF INTERNATIONAL PROGRAMS 
(Development o f  Ver tebrate Pest Management Programs) 

DENVER ' FIELD UNITS 
(Coordinat ion, Supervision, 

and Outreach ) 
0 

Phi 1 i p p i  nes Bang1 adesh H a i t i  and 
Domi n ican 
Republ i c 



PROGRAM DEVELOPMENT 

During 1981, p r o j e c t  personnel devoted considerable t ime and e f f o r t  
t o  implementing and suppor t ing t h e  a c t i v i t i e s  o f  f i e l d  s t a t i o n s  and 
cooperat ing i n  b i r d  damage c o n t r o l  research w i t h  t he  Food and Ag r i -  
c u l t u r e  Organizat ion (FAO) i n  A f r i ca .  Add i t i ona l  cooperat ion w i t h  
the  German Society  f o r  Technical Cooperation (GTZ) and the World 
Heal th  Organizat ion (WHO) i n  ve r teb ra te  damage c o n t r o l  research and 
t r a i n i n g  a c t i v i t i e s  was c a r r i e d  on. I n  add i t i on ,  the  s t a f f  
cont inued t o  a s s i s t  A I D  i n  p lanning and techn ica l  ass is tance 
a c t i v i t i e s  i n v o l v i n g  ve r teb ra te  pes t  management. A t  the  request  o f  
USAID/Managua and USAID/Cairo, DWRC again he1 ped the  Governments o f  
Nicaragua and Egypt assess rodent  problems and o u t l i n e  the  requ i re -  
ments f o r  implementing a ve r teb ra te  pes t  management program. 

L a t i n  America 

To address the  problem o f  ver tebra te  pest  damage t o  a g r i c u l t u r e  i n  
t he  Caribbean Region, the USAID Bureau f o r  L a t i n  America and the  
Caribbean, AID/Washington, and DWRC es tab l i shed i n  1979 a reg iona l  
program w i t h  specia l  emphasis p laced on those crops which are pre- 
dominant ly produced, by t r a d i t i o n a l  farmers. The p r o j e c t  head- 
quar te rs  i s  i n  Port-au-Prince, H a i t i  t o  serve the  s p e c i f i c  needs o f  
H a i t i ,  t he  Dominican Republ i c ,  and o ther  reg iona l  count r ies .  Dur ing 
i t s  f i r s t  complete year,  cons t ruc t i on  o f  t h e  o f f i c e  and l a b o r a t o r y  
bu i  1  d ing  was near ly  completed and p r e l  i m i  nary damage eval u a t i  ons 
and pes t  surveys were continued. 

Sudan 

The Ver tebrate Pest Research Pro jec t ,  which began i n  Sudan i n  May 
1977, was terminated i n  A p r i l  1981. L ia i son  was maintained w i t h  t h e  
AID Miss ion and Government agencies i n  Sudan, and b i r d  pes t  research 
cont inued i n  cooperat ive ventures o f  mutual i n t e r e s t  w i t h  o the r  
o rgan iza t ions  based i n  A f r i c a n  countr ies.  The research of one 
Sudanese graduate s tudent  from Bowling Green Sta te  Un ive rs i t y ,  
Bowling Green, Ohio was conducted a t  DWRC. He w i l l  r e t u r n  t o  Sudan 
i n  February 1982. 

Phi 1  i ppi  nes 

The Ver tebrate Pest Pro jec t ,  based a t  t he  Nat ional  Crop P r o t e c t i o n  
Center (NCPC), i n  t he  P h i l i p p i n e s  cont inued t o  p rov ide  ass is tance 
t o  t h e  developing network o f  crop p r o t e c t i o n  research programs 
throughout the  country.  The p r o j e c t  p a r t i c i p a t e s  i n  research and 
t r a i n i n g  a c t i v i t i e s ,  i n fo rma t i on  exchange, and extension. 
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Bang1 adesh 

Mr. Joe Brooks assumed leadership o f  the program i n  Dacca i n  May 
1981. He continued the in tens ive  f i e l d  program on rodent damage 
control and evaluat ion and i n i t i a t e d  studies on b i r d  pests. 



I 

FIELD PROGRAMS 

Three f i e l d  programs, i n v o l v i n g  res iden t  U.S. b i o l o g i s t s ,  were 
cont inued du r ing  1981 under t h e  AID/DWRC program. These p r o j e c t s  
were l oca ted  i n  t he  Caribbean (based i n  H a i t i ) ,  the  Ph i l ipp ines ,  
and Bangladesh. The broad goals o f  these programs are  t o  increase 
food product ion and t o  reduce the  r i s k  o f  severe a g r i c u l t u r a l  
losses caused by ve r teb ra te  pests i n  developing count r ies .  
Spec i f i c  ob jec t i ves  are to :  

1. Establ i s h  the  techn ica l  capabi l  i t i e s  and support w i t h i n  govern- 
ments and the  a g r i c u l t u r a l  sec tor  t o  conduct programs i n  ve r teb ra te  
pes t  research and management. 

2. Develop new and adapt e x i s t i n g  p r a c t i c a l  low-cost methods and 
technology t o  evaluate and reduce crop losses t o  ve r teb ra te  pests 
under 1  ocal cond i t ions .  

3. Provide onsi t e  t r a i n i n g  i n  research and opera t iona l  methods o f  
damage assessment and con t ro l .  

4. Provide t r a i n i n g  a t  DWRC and appropr ia te  u n i v e r s i t i e s  t o  p e r f e c t  
c a p a b i l i t i e s  of counterpar ts  t o  conduct programs i n  ve r teb ra te  pes t  
management. 

CAR1 BBEAN 

I n  H a i t i ,  cons t ruc t i on  o f  the  o f f i c e  and l abo ra to ry  f a c i l i t i e s  i s  
underway and due f o r  complet ion i n  e a r l y  1982. F i e l d  s tud ies  i n  
progress inc lude eval  u a t i  ng sustained ba i  ti ng programs f o r  rodents 
i n  r i c e  and corn, conduct ing a  na t iona l  survey o f  rodent  damage t o  
corn, and determining the  nes t ins  d i s t r i b u t i o n  o f  v i l l a g e  weavers 
( ~ l  oceus c u c u l l  a tus )  -re1 a t i v e  t o  - a g r i c u l t u r a l  product ion-areas and 
c m r o p  development. 

I n  t he  Dominican Republic, p r o j e c t  funds were used t o  purchase 
veh ic les  f o r  f ie ldwork  and t o  complete an av ia ry  a t  San Cr i s toba l .  
This  av ia ry  wi 11 permi t  cont inu ing  t e s t i n g  b i r d  preferences f o r  
na tu ra l  foods and d i f f e r e n t  v a r i e t i e s  o f  g r a i n  crops. Tests a l s o  
w i l l  be made o f  d i f f e r e n t  formulat ions and con- cen t ra t i ons  o f  
repe l l en ts .  One pen w i l l  be used t o  e s t a b l i s h  a  breeding colony o f  
v.i 11 age weavers f o r  s tudy i  ng a  v a r i e t y  o f  approaches t h a t  a f f e c t  
reproduct ive  success. F i e l d  s tud ies  i n  progress i n c l  ude 
detemi in ing the  nest ing and l o c a l  damage pat te rns  o f  v i l l a g e  
weavers, and documenting the  b io logy  and pes t  s ta tus  o f  Hispanio lan 
woodpeckers (Me1 anerpes s t r i  a tus )  t o  cacao product ion. 



Vi 11 age weavers (Pl oceus cucul l a tus )  were Rodents can seriously damage corn, as shown 
introduced into Hispaniola near the turn of by these damaged ears which were harvested 
the century and cause extensive local damage from research s tat ion f ie lds  in Haiti. 
to cereal grains. 
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Surveys o f  V i  11 age Weaver (Pl  oceus cucul 1 a tus )  Nest ing Colonies and 
Damage Pat te rns  

A DWRC b i o l o g i s t  spent 3 months i n  H a i t i  and the  Doniinican Republic 
on s tud ies  o f  the  v i l l a g e  weaver. This  species was in t roduced many 
years  ago from A f r i c a  and now causes damage t o  r i c e ,  sorghum, corn, 
and o the r  crops, I n  H a i t i ,  long-term observat ions were made a t  
co lon ies  t o  document t he  reproduc t ive  b io logy  and h a b i t s  o f  t h i s  
species. During the  breeding season i n  August and September b i r d s  
seldom foraged i n  c u l t i v a t e d  crops. O f  52 a c t i v e  breeding 
colonies,  most were i n  nonagr icu l  t u r a l  areas; b i r d s  f e d  p r i m a r i l y  
near colonies. Some nonbreeding b i r d s  f ed  on crops i n  August, and 
t h e i r  numbers increased i n  c u l t i v a t e d  areas as co lon ies  d ispersed 
i n September. 

I n  the  Dominican Republic i n  l a t e  September, b i r d s  were l a r g e l y  
dispersed i n  matur ing r i c e  crops. Only 12 o f  75 co lon ies  were 
a c t i v e  i n  l a t e  September and November, b u t  b i r d s  cou ld  be observed 
each day i n  r i c e f i e l  ds. 

Breeding co lon ies  and feeding f l o c k s  were composed o f  r e l a t i v e l y  
few b i rds .  V i l l a g e  weavers were n o t  found i n  numbers t h a t  would 
pose a ser ious t h r e a t  t o  r i c e  farms. F locks f e d  along the  edges o f  
r i c e f i e l d s ,  and t h e i r  fo rays  seldom took them more than a few 
hundred meters i n t o  f i e l d s .  As a r e s u l t ,  damage by v i l l a g e  weavers 
was very l oca l i zed .  

The i n t e n s i t y  o f  damage and i t s  impact on i n d i v i d u a l  farmers was 
h ighes t  i n  the  small p l o t s  o f  upland r i c e  bordered by n a t i v e  
vegetat ion. The e f f e c t s  o f  v i l l a g e  weavers on r i c e  p roduc t ion  
appeared t o  be minimal. However, t h e i r  impact on small, 
subsistence farmers, who can l e a s t  a f f o r d  losses, can be c r i t i c a l .  

Techniques f o r  a l l e v i a t i n g  losses t o  v i l l a g e  weavers must be 
designed p r i m a r i l y  t o  b e n f i t  small farmers, and must be inexpensive 
and p r a c t i c a l .  Considerat ion should be g iven t o  t r app ing  
techniques, f r i g h t e n i n g  devices, and agronomic/phenol og ic  
mod i f i ca t i ons .  E x i s t i n g  techniques should be mod i f i ed  and adapted 
f o r  use i n  the  coun t r i es  t o  p r o t e c t  crops from v i l l a g e  weavers. 

Survey o f  Preharvest Corn Losses t o  Ver tebrate Pests 

A g r i c u l t u r e  i n  H a i t i  i s  c l a s s i f i e d  as v a l l e y  (0-300 m) and mountain 
(above 300 m). Dur ing several  p re l im ina ry  v i s i t s  t o  these areas, 
no damage t o  mountain corn  by ve r teb ra te  pests was observed. 
Therefore, surveys are  being conducted on v a l l e y  corn  only ,  
p r i m a r i l y  near Port-au-Prince and Les Cayes, where ve r teb ra te  pests 
repo r ted l y  a re  a major problem. 



t23 
w Sus ta ined  b a i t i n g  programs, u s i n g  a n t i -  Woodpeckers (Melanerpes s t r i a t u s )  damage 

CI coagu lan ts  p l a c e d  i n  coconut husk b a i t  cacao pods i n  t h e  Dominican Republ i c  and 
s t a t i o n s ,  a r e  showing promise i n  r e d u c i n g  c o r n  i n  H a i t i .  3 r o d e n t  damage t o  f i e l d  c rops  i n  H a i t i .  

FTdl 
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F i f t e e n  f i e l d s  were sampled i n  the  area near Port-au-Prince. I n  
each f i e l d ,  10 h i 1  1 s  were sampled a long each o f  f i v e  t ransec ts  f o r  a 
t o t a l  o f  50 h i l l s .  Because p lan t i r lg  was no t  uniform, p l a n t i n g  
dens i t y  was est imated i n  25 m2 p l o t s  along the  t ransec t .  Rat 
(Rat tus norvegicus) damage i n  the  on l y  f i e l d  f o r  which ana lys i s  i s  
c-ed represents a 15% l o s s  i n  y i e l d .  F i f t y - f o u r  percent o f  
the ears i n  the f i e l d  had sustained some damage. The damaged t o  
these ears averaged 29.7%. 

Eval u a t i  sg Sustained B a i t i n g  f o r  Rodent Control  i n  Matur ing Rice 

Sustained o r  cont inua l  b a i t i n g  has been very e f f e c t i v e  i n  reducing 
preharvest r i c e  losses t o  rodents i n  the  Ph i l ipp ines .  The 
s i m p l i c i t y  of t h e  method enabled F i l i p i n o  farmers t o  adopt t h i s  
p r a c t i c e  w i thou t  cu l  t u r a l  change. Rice C I J ~  t u r e  i n  Hispanio la 
e a s i l y  lends i t s e l f  t o  t h i s  con t ro l  s t ra tegy .  

I n  the  A r t i bon i te ,  t he  major r ice-producing v a l l e y  i n  H a i t i ,  a  pre- 
1 im inary  i n v e s t i g a t i o n  of the  sustained b a i t i n g  technique was 
evaluated i n  6-ha o f  r i c e .  B a i t  s ta t i ons  made o f  coconut she1 1 s, 
us ing 0.05% war far in -corn  meal, were placed i n  t he  paddies. Damage, 
based on counts of the  t o t a l  number of t i l l e r s ,  number o f  c u t  
ti 1 l e r s ,  and number o f  unproduct ive t i 1  l e r s ,  was e v a l l ~ a t e d  j l ~ s t  
p r i  o r  t o  harvest.  

The c o s t  o f  the  sustained b a i t i n g  program was approximately 
$9.20/ha. Damage i n  the  6-ha area averaged between 0.4% and 1.7%. 
More d e t a i l e d  eva lua t ions  are planned f o r  1982. 

Eval u a t i n g  Sustained B a i t i n g  f o r  Rodent Contro l  i n  Matur ing Corn 

A cooperat ive study w i t h  a Texas A&M Un ive rs i t y  a g r i c u l t u r a l  team 
i n  H a i t i  was undertaken t o  reduce preharvest  losses t o  rodents i n  
corn, sorghum, casava, beans, and sweet potatoes on a 1-ha 
experimental farm p l o t .  B a i t  s ta t ions ,  conta in ing  0.05% w a r f a r i n  
i n  corn meal, were placed every 50 m along the  per imeter  of t he  
f i e l d .  Rodents consumed b a i t  on l y  from conta iners  near t he  corn. 
Damage t o  a l l  ears alosg 106 rows was measured and compared t o  
damage i n  e i g h t  adjacent  untreated f i e l d s .  The data are  being 
analyzed. 

Cooperation With U.S. Peace Corps i n  the Dominican Republ i c  

I n  the  Dominican Republic, U.S. Peace Corps works w i t h  the D i v i s i o n  
o f  PI an t  Protect ion,  Secretary o f  Agr i  c u l  ture.  The A I D - f  unded 
reg iona l  Ver tebrate Pest Control  P r o j e c t  i s  cooperat ing whenever 
poss-ible t o  f a c i  1  i t a t e  the  research a c t i v i t i e s  o f  these 
organizat ions on ver tebra te  pests. Two studies, conducted by Peace 
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Corps vo lun teers  B ren t  M i t c h e l l  and Beth Floyd, w i t h  some DWRC 
t e c h n i c a l  and m a t e r i a l  support ,  i n v o l v e d  e v a l u a t i n g  woodpecker 
damage t o  cacao and r a t  and woodpecker damage t o  coconuts. B r i e f  
surnmaries o f  t h e i r  f i n d i n g s  f o l l o w .  

Woodpecker Damage t o  Cacao: --The H i  spanio l  an woodpecker has 1  ong 
been cons idered a  pes t  t o  a g r i c u l t u r e ,  e s p e c i a l l y  t o  such c rops  as 
cacao and c i t r u s  i n  t he  Dominican Republic. Cacao i s  a  major  expo r t  
c rop  i n  t he  Dominican Republic. I n  1980, 21,935,760 k g  o f  cacao 
were expor ted w i t h  a  cash va lue o f  US $50,787,000. The o f f i c i a l  
Government es t imate  o f  damage caused by woodpeckers i s  4%, rep re -  
sen t i ng  86,943 kg, va lued a t  $2,031,480. The o b j e c t i v e s  o f  t h i s  
s tudy were t o  assess t he  damage caused by woodpeckers, i n v e s t i g a t e  
t h e  b i o l o g y  o f  t he  species, and deterni ine a  s u i t a b l e  and economical 
method o f  reduc ing  l osses  t o  cacao. 

From food h a b i t  analyses, t he  H ispan io lan  woodpecker appears t o  be 
ext remely  omnivorous. - No re1  a t i o n s h i p  has been determined between 
t h e  i n s e c t  p a r t s  found i n  t h e  stomachs o f  woodpeckers and t h e  
i n s e c t s  present  i n  damaged cacao pods. 

Radiote lemetry  was l ~ s e d  t o  o b t a i n  i n f o r m a t i o n  on home range and 
movement p a t t e r n s  o f  woodpeckers. Radios, weigh ing 4.5 g, were 
a t tached  t o  t he  t a i l  f ea the rs  o f  two female b i r ds .  These females 
occupied home ranges of up t o  1  km2, used p r e d i c t a b l e  r o o s t i n g  
c a v i t i e s ,  and sometimes roos ted  on exposed branches. A d d i t i o n a l  
r a d i o  t r a c k i n g  data a r e  be ing ob ta ined  du r i ng  t he  n e s t i n g  season. 

The c u r r e n t  c o n t r o l  p r a c t i c e  c o n s i s t s  o f  pay ing  boun t i es  f o r  wood- 
peckers. A l t e r n a t i v e  methods of c rop  p ro tec t i on ,  such as s i g h t  and 
t a s t e  repe l  1  ents,  a r e  be ing  evaluated. 

Rat and Woodpecker Damage t o  Coconuts :--Roof r a t s  (Ra t tus  r a t t u s )  
and H ispan io lan  woodpeckers a r e  t he  v e r t e b r a t e  species most 
r espons ib l e  f o r  l osses  t o  coconut throughout  t h e -  i s l a n d  o f  
H ispan io la .  Woodpeckers damage t h e  coconut by d r i  11 i ng a  smal l  
h o l e  i n  t h e  o u t e r  husk. I f  t h i s  ho le  pene t ra tes  t h e  coconut s h e l l ,  
t h e  coconut w i l l  p u t r i f y .  Between January and October 1981, a  
s tudy was conducted on f o u r  farms i n  t h e  zone o f  Barahona, southern 
reg ion,  t o  determine t he  annual damage caused by these species.  The 
d i s tance  between t he  farms was about 5-7 km. On each farm, 100 
pa l  ms were randomly se l  ected, numbered, and damage was measured 
monthly. The percen t  damage was c a l c u l a t e d  on t h e  b a s i s  o f  an 
annual p roduc t i on  o f  100 nuts/palm and found t o  range between 0.3% 
and 11% (Table 2 ) .  Th i s  r a t  damage s i t u a t i o n  may be c o n t r o l l a b l e  
u s i n g  an t i coagu lan t  b a i t s  i n  t h e  crowns o f  t he  t r e e s  as o r i g i n a l l y  
developed i n  Colombia and t h e  Ph i l i pp ines .  



Table 2. Inc idence  o f  damage by r a t s  and woodpeckers t o  
coconuts on f o u r  farms i n  t he  Dominican Republic. 

Farms 

Species 
Canoa Fundaci on Peiion Cabral 

( % I  ( %  I  ( % I  ( % I  

Rat 11 .O 4.0 8.0 4.5 
Woodpecker 0.3 1.5 2.1 4.4 

Personnel and T r a i  n i  ng 

M i c h e l l  e Rimpel a t tended a course e n t i t l e d  "Ag r i cu l  t u r a l  Research 
Method01 ogy" a t  Kansas S t a t e  Un i ve rs i t y ,  Kansas, 8 June-24 J u l y  
1981 . 

Radio t r a n s m i t t e r s  were used t o  o b t a i n  i n f o r m a t i o n  on t h e  
home range and f o r a g i n g  p a t t e r n s  o f  woodpeckers re1  a t i  ve 
t o  cacao damage i n  t he  Dominican Republ ic.  
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BANGLADESH 

Assessing Damage t o  A g r i c u l t u r e  by Lesser Bandicoot Rats ( Bandicota 
bengal ens1 s  ) 

Assessment o f  damage by ve r t eb ra tes  t o  food crops i n  Bangladesh con- 
t i n u e d  d u r i n g  1981. Est imates were made o f  r oden t  damage t o  bar ley ,  
wheat, and deepwater and t r ansp lan ted  r i c e .  I n  February, b a r l e y  
f i e l d s ,  a t  b o o t i n g  stage, a t  t h e  Bangladesh A g r i c u l t u r a l  Research 
I n s t i t u t e  (BARI ), Joydebpur, were assessed f o r  1  esser  bandicoot  r a t  
(Bandicota bengalens i  s )  damage. The v a r i e t y  Mona was s l  i g h t l y  more 
m a t ~ ~ r e  and rece ived  more damage than  t h e  o the rs  (Table 3 ) .  

Several v a r i e t i e s  o f  wheat were sub jec ted  t o  d i f f e r e n t  l e v e l s  o f  
i r r i g a t i o n  and amounts o f  n i t r o g e n  a t  Dina jpur .  As t h e  d e n s i t y  o f  
wheat stems increased i n  response t o  these treatments,  t h e  l e v e l  o f  
damage by r a t s  a1 so increased (Table 4). 

Table 3. Damage by r a t s  t o  b a r l e y  v a r i e t i e s  i n  
4  x 5-m t e s t  p l o t s  a t  BARI, Joydebpur, 
February 1981. 

Stems X 
V a r i e t y  To ta l  No. c u t  damage 

Mona 1,607 497 30.9 
Mona 1,557 48 5 31.1 
Mona 1,478 439 29.7 
V-33 1,560 45 2.8 
V-67 1,499 42 2.8 

Table 4. Inc rease  i n  r a t  damage (X o f  c u t  stems) t o  
wheat w i t h  inc rease  i n  stem dens i ty .  

Stem 
dens i ty./m2 

To ta l  stems 
cu  t/m2 

X 
damage 



Track ing  t i l e s  a r e  used t o  o b t a i n  i n f o r m a t i o n  on roden t  a c t i v i t y  i n  
e f f i c a c y  eva lua t i ons  o f  r o d e n t i c i d e s  i n  Bangladesh and o t h e r  A IDIDWRC 
p r o j e c t s .  

Caches o f  deepwater r i c e  o f  a lmost  2 kg  have been found i n  t h e  burrows 
o f  l e s s e r  bandicoot  r a t s  i n  Bangladesh. 
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Data on r a t  damage t o  wheat a1 so are now a v a i l a b l e  from assessments 
d u r i n g  several  growing seasons from Gazaria and Comi l la  Thanas 
(Table 5) .  'The l e v e l  o f  damage f l u c t u a t e s  annual ly ,  depending upon 
d i s t r i b u t i o n  and amount o f  r a i  n f a l 1  d u r i n g  t h e  growing season. 
Heavy r a i n s  i n  t h e  sp r i ng  o f  1980 f looded many f i e l d s  i n  Gazaria 
Thana, f o r c i n g  r a t s  o u t  o f  burrows and c o n t r i b u t i n g  t o  t h e  low 
damage observed t h a t  year.  

Tab1 e 5. Damage by r a t s  t o  wheat i n  Gazaria and Comil l  a  Thanas. 

Gazari a  Thana Comi l l a  Thana 
1979 1980 1 981 1979 1981 

No. f i e l d s  assessed 2 0 6 88 2 1 81 
To ta l  ti 11 e r s  25,620 8,205 53,343 28,896 38,858 
No. c u t  (damaged) 3,292 262 4,912 3,756 2,223 

t i l l e r s  
% damage 12.8 3.2 9.1 13.0 5.7 

Deepwater r i c e  losses  were assessed by d igg ing  up t he  burrow systems 
o f  l e s s e r  bandicoot  r a t s  i n  two d i f f e r e n t  areas o f  Gazaria Thana and 
r e t r i e v i n g  the  c u t  and s to red  r i c e  heads (Table 6).  The number o f  
burrow systems/ha was est imated i n  t he  f i e l d .  The r i c e  r e t r i e v e d  
from the  burrows was a i r - d r i e d ,  threshed by hand, and weighed. A l l  
heads on 20, randomly se lec ted  1-m2 quadrats from harvested 
f i e l d s  were used t o  es t imate  y i e l d .  Rats c u t  and s t o r e d  an average 
o f  1.8% o f  the deepwater r i c e  y i e l d  du r i ng  t h i s  2-week per iod.  
Losses a re  s u f f i c i e n t l y  subs tan t i a l  t h a t  farmers f r e q u e n t l y  
r e t r i e v e  t h i s  r i c e  from the  burrow systems. 

Table 6. Q u a n t i t i t e s  o f  deepwater r i c e  removed from r a t  burrows i n  
Gazari a  Thana, October 1981. 

- - - - - - - - 

No. Amt ( kg )  No. o f  Ex t rapo la ted  Obs. 
burrow o f  s to red  burrow amt ( kg )  y i e l d  % 
systems r i ce /bu r row  systems/ of s to red  ( k g )  o f  y i e l d  

Area excavated system ha r i ce /ha  r i c e / h a  l o s s  



F i e l d s  o f  t ransplanted r i c e  were assessed fo r  r a t  damage along a 
road t ransect  between Joydebpur and Tongi i n  l a t e  November. 
Sampling s i t e s  were located a t  0.5-km i n t e r v a l s .  F i e l d s  were 
selected perpendicular t o  both sides o f  the road a t  loo-,  200-, and 
300-111 distance. F ive  50 x 100-cm sampl i n g  u n i t s  were equa l ly  spaced 
i n  the  f i e l d ,  and a l l  c u t  and uncut t i l l e r s  were counted. A t o t a l  
of 55,404 r i c e  t i l l e r s  i n  102 f i e l d s  were sampled. Cut t i l l e r s  
(323) were found i n  n ine f i e l d s ,  g i v i n g  a damage l e v e l  o f  0.6% of 
the  crop. No damage was noted before 90 days. Few r a t  burrows were 
found i n  the  f i e l d s ,  probably due t o  the  d ry  c l i m a t i c  condi t ions;  no 
r a i n  had fa1 l e n  dur ing the previous 2.5 months. 

Anticoaaul a n t  Rodenticide Studies 

Ant icoagulant  t o x i c i t i e s  t o  r a t s  were compared by record ing mor ta l -  
i t y  dur ing  a no-choice feeding t e s t  f o r  4 days on ant icoagulants 
t h a t  were o f f e r e d  i n  a food base a t  geometric progressions (doubl i n g  
o r  ha l v ing )  o f  concentrat ions (Table 7 ) .  

Table 7. Mortal i t y  o f  Bandicota bengal ensi  s  o f f e r e d  th ree 
ant icoagulants i n  a no-choice, 4-day t e s t .  

- Mean 'Mean dose Mean days 
Conc n body Mortal  i t y  consumed u n t i  1  

Rodenti c ide  (ppml v t  (g)  r a t i o  -img/kg) death 

D i  phaci none 10 289 2/6 1.9 10.5 
2 0 260 4/6 3.4 9.2 
40 263 5/6 8.1 7.4 
80 252 6 /6 15.4 7.7 

Coumatetralyl 2.5 2 94 2/6 0.6 7.5 
5 231 4/6 1.5 7.0 

10 232 6/6 2.0 6.8 
20 23 4 6/6 3.9 6.0 

Brodi facounl 0.3 206 0 /6 0.1 - 
0.6 227 3/6 0.1 5 1 3.. 0 
1.25 2 49 7/12 0.3 12.0 
2.5 2 58 11 /11 0.7 7.2 
5 234 11/11 1.4 7.4 

10 735 6/6 2.5 5.5 
2 0 21 4 7/7 5.3 6.1 



Z i n c  phosphide and brod i facouni  b a i t s  a r e  prepared and packaged f o r  
comparat ive  r o d e n t i c i d e  t r i a l s  and o p e r a t i o n a l  c o n t r o l  i n  Bangladesh. 



A 4-day t e s t  per iod  was used because r a t s  normal ly w i l l  feed f u l l y  
on ant icoagulants f o r  4  days be fore  becoming ill and d i scon t i nu ing  
feeding. The dose-response curve was p l o t t e d  on 1  og-probabi 1  i ty 
paper and the  4-day LD50 ( l e t h a l  dose i n  mg/kg which k i l l s  50% o f  
the  t e s t  animals i n  the exposure per iod)  was read d i r e c t l y  o r  
computed from standard dose-response ca l cu la t i ons .  The c a l  cu l  ated 
t o x i c i t i e s  o f  brodifacoum, coumatetra ly l ,  and diphacinone aga ins t  
B. bengalensis a re  compared i n  Table 8. The 4-day LC50 ( l e t h a l  - 
concent ra t ion  i n  ppm which k i l l s  50% o f  the  t e s t  animals i n  the  
exposure per iod)  o f  b rod i  facoum was 0.8 ppm, which i s  approximately 
18 t imes l e s s  than t h a t  f o r  diphacinone, and 4  t imes l e s s  than t h a t  
o f  coumatetra ly l ;  the same r e l a t i o n s h i p  he ld  f o r  t he  4-day LD50. 
The f i r s t  two m a t e r i a l s  cou ld  be recommended f o r  use i n  the  con t ro l  
o f  l esse r  bandicoot r a t s  i n  Bangladesh. 

Tab1 e  8. Comparative 4-day t o x i c i t y  o f  th ree  ant icoagul  a n t  
roden t i c i des  t o  Bandicota bengalensi s  (95% CL i n  
parentheses). 

Rodentic ide LC50 (ppm) LD50 (mg/kg) 

Brodifacoum 0.81 (0.56-1.16) 0.2 (0.14-0.28) 
Coumatetralyl 3.60 (2.3-5.6) 0.9 (0.62-1.3) 
D i  phaci none 14.50 (7.4-28.3) 2.6 (1.5-4.4) 

Rodent Ecology i n  Sugarcane 

Sugarcane i s  a  12-month crop i n  most areas o f  Bangladesh and 
repo r ted l y  susta ins rodent  damage. A study o f  rodent  ecology i n  
sugarcane was i n i t i a t e d  i n  c o l l  abora t ion  w i t h  the  Austra l  i a -  
Bangladesh Sugar Indus t r y  P r o j e c t  farm a t  Muladul i, about 10 km 
n o r t h  o f  I shu rd i .  F i e l d s  p lanted i n  e a r l y  December 1980 were 
sampled f o r  rodents every other  month f o r  10 months by s e t t i n g  snap 
t raps  a t  8-m i n t e r v a l  s  i n  para1 1  e l  1  i nes (approximately 5  m apar t ) .  

During 1,122 t r a p  n ights,  12 r a t s  were captured (10 M i l l a r d i a  
meltada, 1  Rattus ra t tus ,  1  Nesokia i nd i ca ) .  The capture o f  one 
Ne i s  n o t  an i n d i c a t i o n i t s  s c a r c i t y  because i t  r a r e l y  
t r a v e l s  above ground; i t  was seen i n  moderate numbers i n  d i tches  
along the  f i e l d s .  Stomach contents ana lys is  revealed t h a t  M. 
meltada was feeding main ly  on weed seeds, stems, and insect?; 
%fiTkF was cane found i n  the a l imentary canal o f  R. r a t t u s .  
However, N. i n d i c a  had eaten r o o t s  o f  cane p l a n t s  b Z g m i n i 4  
months a f t T r  p m n g ,  r e s u l t i n g  i n  the  l o s s  o f  a l l  p l a n t s  (about 2% 
o f  the  t o t a l  ) i n  some rows. Damage was conf ined t o  the  f i r s t  10 m 
from the  f i e l d  edge. - B. bengalensis d i d  n o t  occur i n  t h i s  study 
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area, and i t s  impact on sugarcane w i l l  be evaluated i n  a f u t u r e  
study. 

Comparative Fie1 d T r i a l  s o f  Two Rodenticides i n  V i l l a g e  Housing 
C lus ters  

During the  monsoon season, rodents temporar i l y  desert  t he  f l  ooded 
f i e l d s  and concentrate i n  e levated areas. Bandicoot r a t s  move c l o s e  
to, o r  actual  l y  i n t o ,  human dwell i ngs. Resi dent househol d rodents 
a re  the r o o f  r a t  (R. r a t t u s )  and the house mouse (Mus musculus). An 
insec t i vo re  ( S o r i F i d r t h e  musk shrew ( S u n c F  muri a1 so 
occurs around housing areas. This monsoon pe r iod  appears t o  be a 
l o g i c a l  t ime t o  attempt t o  con t ro l  rodents and presents an e x c e l l e n t  
oppor tun i ty  t o  t e s t  the  comparative e f f i c a c y  o f  roden t i c ide  b a i t s .  

Three housing c l  us ters  were d i v ided  i n t o  th ree randomly selected 
treatment areas. One housing c l u s t e r  served as an unt reated 
reference area i n  each t r i a l .  The e f f i cacy  o f  z inc phosphide (2%) 
and b rod i  facoum b a i t s  (0.005%), when appl i e d  a t  weekly i n t e r v a l  s, 
was compared. A t  the Vertebrate Pest Research Laboratory, 50-g 
z inc phosphide and brodifacoum b a i t s  were prepared and packaged i n  
p l a s t i c  bags. One packet was provided t o  each house owner w i t h  
advice t h a t  he d i v i d e  i t  i n t o  f i v e  p a r t s  and p lace each i n  a 
d i f f e r e n t  1 o c a t i  on. 

Tracking t i l e s  were se t  i n s i d e  and around houses f o r  2 n i g h t s  t o  
obta in  data on pretreatment and post t reatment  animal a c t i v i t y  (Table 
9). Fol lowing poisoning, snap t raps  were se t  a t  a l l  houses t o  
determine the  i d e n t i t y  of those species t h a t  escaped poisoning and 
t o  v e r i f y  the  t rack ing  t i l e  a c t i v i t y .  

Brodifacoum gave consi s t e n t l y  greater  reduct ion  i n  animal a c t i v i t y  
than z inc phosphide i n  each housing c lus te r .  Based on the  t r a c k i n g  
t i l e  data, the o v e r a l l  reduct ion  was 97% f o r  brodifacoum and 86% f o r  
z inc  phosphide; reference houses showed a 39% increase i n  a c t i v i t y .  
The r e s u l t s  suggest t h a t  a large-scale b a i t i n g  program dur ing  the  
monsoon season should be able t o  reduce rodent  populat ions t o  
nondestruct ive l e v e l s  by the  onset of the  dry-season cropping 
p e r i  od. 

B i r d  Damage t o  Sweet Corn 

Damage t o  sweet corn a t  Raj b a r i  , Dinajpur  Regional A g r i c u l t u r a l  
Research S ta t i on  by rose - r i  nged parakeets (Psi  t t a c u l  a krameri  ) and 
jung le  crows (Corvus macrorhynchos) was q u a n t i f i e d  i m m b e r .  
Damage was heaviest  along the  border rows and d i f f e r e d  by v a r i e t y  



BARI/DWRC personnel d i s t r i b u t i n g  r o d e n t i c i d e  b a i t  t o  farmers i n  the  c e n t r a l  market o f  Gazaria 
Thana, Bangladesh. 



Table 9. Rodent a c t i v i t y  across t r a c k i n g  t i l e s  before and a f t e r  
a p p l i c a t i o n  o f  z inc  phosphide and brodifacoum i n  th ree  
v i  11 ages o f  Bang1 adesh. 

Pretreatment Posttreatment 
No. No. % 

V i l l a g e  and No. t i l e s  % t i l e s  % change i n  
treatment houses placed p o s i t i v e  placed p o s i t i v e  a c t i v i t y  

Zinc phosphide 13 
Brodi  facoum 12 
Reference 15 

Samantapur 

Zinc phosphide 16 
Brodi facoum 14 
Reference 15 

Juai to1  a 

Zinc phosphide 41 
Brodi  facoum 4 2 
Reference 39 

Table 10. Incidence o f  damage by pest  b i r d s  t o  sweet corn v a r i e t i e s  
i n  4 x 5 m t e s t  p l o t s  a t  Dinajpur.  A l l  ears i n  each p l o t  
were counted. 

Va r ie t y  % damage Var ie t y  % damage 

Sandaf 10.3 
Suwan 12.3 
Sarhad 13.2 
JC-2 13.3 
Suwan 2 15.0 

Los Baios 7622 15.4 
Pozarica 7927 16.5 
Pozari ca 7926 17.7 
Across 7534 19.8 
Savar 1 21.9 
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B i r d  Damage Contro l  i n  Sprout ing Wheat 

Wheat i s  becoming an i nc reas ing l y  important  g r a i n  crop i n  Bang1 adesh 
and i s  being at tacked by b i rds .  B i r d  pests of sprout ing  wheat 
i nc lude  comnon myna (Acr idotheres tri s t i s ) ,  Asian p ied  s ta r1  i n g  
( Sturnus contra) ,  rock dove (Col umba 1 i v i a ) ,  co l1  ared dove 
( ~ p e o p e ' l i e c a o c t o )  , house sparrow T P a s s e r  domesticus), 
1 arge-bi  11 ed c r o w r v u s  macrorhynchos ) , and house crow (C. - 
s ~ l  endens 1. 

F i e l d  t r i a l s ,  using the  chemicals methiocarb, app l ied  a t  0.25% and 
0.5%, and copper oxych lor ide  (a reg i s te red  fung ic ide  i n  
Bangladesh), app l i ed  a t  1.2%, as seed dressings, were c a r r i e d  o u t  
i n  wheat m u l t i p l i c a t i o n  f i e l d s  a t  Muladul i ,  I shu rd i ,  Sibrampur, and 
Di najpur.  Methiocarb appl i e d  a t  0.5% and copper oxychl o r i d e  
app l i ed  a t  1.2% were- compared i n  farmers'  f i e l d s  a t  Bogra w i t h  t h e  
cooperat ion o f  t he  Chri  s t i a n  Reformed Worl d Re1 i e f  Committee 
(CRWRC) . 
Treated p l o t s  i n  t he  seed m u l t i p l i c a t i o n  f i e l d s  measured between 
1,225 m2 and 1,600 1112 and were separated by untreated areas a t  
l e a s t  30 m wide. I n d i v i d u a l  farmer 's  f i e l d s  var ied  from 175 m2 
t o  1,300 I$. I n  a l l  loca t ions ,  seeds were t reated,  hand broad- 
cast ,  and covered w i t h  s o i l  us ing bullock-drawn rakes. P l o t s  and 
f i e 1  ds were sown between 19 November and 22 December, and sampled 
fo r  b i r d  damage by count ing  the  number of wheat sprouts i n  10 
randomly selected sampl i ng un i t s ,  approximately 4-6 weeks a f t e r  
sowing . 
Both methiocarb and copper oxych lor ide  are  p o t e n t i a l l y  e f f e c t i v e  
b i r d  r e p e l l e n t s  t o  wheat seed (Tables 11 and 12). No m o r t a l i t y  was 
observed w i t h  methiocarb a t  0.25% o r  w i t h  copper oxychlor ide.  The 
0.5% methiocarb concent ra t ion  k i  11 ed some Asian p ied  s t a r l i n g s ,  
c o l l a r e d  doves, and rock doves. 



Table 11. Number o f  wheat stems counted 4-6 weeks fo l lowing seed 
treatments w i t h  methiocarb and copper oxychloride t o  
pro tect  them from b i r d  damage i n  Bangladesh. 

- 

Chemical and treatment leve l  
Reference Methiocarb Copper oxychl o r i  de 

Location f i e l d  0.25% 0.5% 1.2% 

Mu1 adul i 

No. stemdm2 120.0 164.0 182.6 101.2 
% d i f fe rence 

from reference - +36.7 +52.2 -15.7 

Ishurd i  

No. stems/$ 
% d i f fe rence 

from reference 

S i  brampur 

No. stems/m2 
% d i f ference 

from reference 

Dinajpur 

No. stems/mz 
% d i f ference 

from reference 

Means 
% d i f ference 

from reference 

Table 12. Number of wheat stems i n  farmers' f i e l d s  a t  Bogra 1 month 
a f t e r  seed treatments w i th  methiocarb and copper 
oxychloride t o  pro tect  them from b i r d  damage i n  
Bang1 adesh. 

Treatment 
No. Potent ia l  no. Obs. no. % of 

f i e l  ds stems/m2 stemdm2 potent ia l  

Reference 5 307 125 41 
Methiocarb (0.5%) 5 397 185 4 7 
Copper oxychl o r i  de (1.2%) 6 346 21 3 6 1 



Cooperation With National and I n t e r n a t i o n a l  Organizat ions 

The Vertebrate Pest Sect ion s t a f f  cont inued t o  cooperate w i t h  the  
Bangl adesh-Gernian rodent  con t ro l  p r o j e c t  and the Bangl adesh 
A g r i c u l t u r a l  Research Council (BARC), i n  f i e l d ,  1 aboratory, and 
t r a i n i n g  a c t i v i t i e s .  As prev ious ly  mentioned, c o l l a b o r a t i v e  work 
on reducing b i r d  damage t o  sprout ing  wheat and studying rodent  
ecology i n  sugarcane was c a r r i e d  o u t  w i t h  C h r i s t i a n  Reformed World 
R e l i e f  Committee a t  Bogra, and the Austral ia-Bangladesh Sugar 
Indus t r y  P r o j e c t  a t  Mu1 adul i , respect ive ly .  

M r .  Brooks spent 2-1/2 weeks i n  Rangoon, Burma i n  November as a 
guest l e c t u r e r  a t  a WHO-sponsored t r a i n i n g  course on the Biology 
and Control  o f  Rodents o f  Economic and Pub l ic  Heal th Importance. 
Twenty-four i n d i v i d u a l  s  p a r t i c i p a t e d  from coun t r i es  i n the  Western 
P a c i f i c ,  South Asia, and Southeast Asia. 

Personnel and Tra in ing  

I n  December, counterpar t  personnel presented a t r a i n i n g  l e c t u r e  t o  
24 p a r t i c i p a n t s  i n  t h e  Rice Product ion S p e c i a l i s t  T ra in ing  Course 
on the b io logy  and con t ro l  o f  rodents t h a t  damage food crops a t  t he  
Bangl adesh Rice Research I n s t i t u t e  (BRRI ). On 30 November, 
Bangladesh TV f i lmed  a 30-min program i n  Bengal i  language on rodent  
c o n t r o l  and research a c t i v i t i e s  of the  Vertebrate Pest Sect ion a t  
BARI. This program was shown nationwide. 

Several i n d i v i d u a l  s  a re  i n  the  process o f  complet ing graduate 
degree programs. Md. Abdul Karim i s  cont inu ing  a Ph.D. progralii a t  
Bowling Green Sta te  Un ive rs i t y ,  Bowling Green, Ohio, USA i n  
Ver tebrate Pest Management, and i s  conduct ing h i s  f i e l d  research a t  
the  DWRC F i e l d  S t a t i o n  i n  H i l o ,  Hawaii. Md. Yousuf Mian and Md. 
Emdadul Haque are near ing complet ion o f  t h e i r  M.S. program i n  
Vertebrate Pest Management a t  the U n i v e r s i t y  o f  t he  P h i l i p p i n e s  a t  
Los BarTos. Both w i l l  r e t u r n  t o  the VPS i n  1982. Md. Ma t iu r  
Rahman, S c i e n t i f i c  Of f i cer ,  BARI, j o ined  the  VPS s t a f f  i n  l a t e  
March and has c a r r i e d  ou t  work on the  comparative e f f i c a c y  o f  
r o d e n t i c i  des i n  small housing c lus te rs .  



PHILIPPINES 

Developing and Eva lua t ing  Methods t o  Reduce Rat Damage t o  Coconut 

Based on f i n d i n g s  from s tud ies  conducted over almost a  decade, crown 
b a i t i n g ,  wherein b a i t  con ta in ing  an ant icoagu lan t  i s  p laced monthly 
i n  t he  crowns o f  palms i n  a  coconut p lan ta t i on ,  holds the p o t e n t i a l  
o f  p rov id ing  h i g h l y  economical p r o t e c t i o n  from r a t  (Rat tus r a t t u s  
m i  ndanansi s  damage. 

Three p l o t s  o f  100-300 t rees  each were selected a t  farms i n  Calauan, 
Laguna beginning i n  1980. One o f  10 t rees  i n  two p l o t s  ( P l o t s  I and 
11) were t r e a t e d  w i t h  0.025% w a r f a r i n  b a i t ,  and one p l o t  ( P l o t  111) 
was l e f t  untreated. Each month, r a t  a c t i v i t y  est imates were 
obtained us ing t r a c k i n g  t i l e s  and damage was est imated by count ing 
the  number o f  f a l l e n ,  rat-damaged nuts. 

I n  both 1980 and 1981, r a t  damage and a c t i v i t y  were much 1  ower i n  
t he  two t rea ted  p l o t s  than i n  the untreated p l o t ,  al though the  
d i f f e rences  were no t  as g rea t  dur ing  1981 (Figs. 1  and 2). These 
resu l  t s  demonstrate the  i n t e r r e l  a t i onsh i  p  between agronomic prac- 
t i c e s  and successful con t ro l  pract ices.  I n  P l o t  I the  ground cover 
was never cut ;  i n  P l o t  I 1  i t was c u t  once du r ing  August and 
September, a f t e r  which r a t  a c t i v i t y  dropped sharply.  

I n  P l o t  I, damage was g rea tes t  i n  coconuts nearest  t he  r i c e  p l o t s .  
During and s h o r t l y  a f t e r  land preparat ion o f  adjacent  r i c e f i e l  ds, 
an increase i n  r a t  a c t i v i t y  and damage occurred. When paddies were 
f looded and dur ing  harvest  o f  g r a i n  crops, r a t s  r e g u l a r l y  moved t o  
areas w i t h  s u i t a b l e  cover. Cont ras t ing ly ,  P l o t  11, which was 
adjacent  t o  p rev ious ly  p lanted pineapple f i e l d s ,  was r e l a t i v e l y  
unaffected. 

Recommendations f o r  us ing 10% crown b a i t i n g  f o r  coconut adjacent  t o  
r i c e f i e l  ds might  i nc lude  prov is ions  f o r  h igher  b a i t i n g  r a t e s  du r ing  
the  months o f  land prepara t ion  and harvest. 'The success o f  t he  
method i n  var ious f i e l d  t r i a l s  appeared re la ted ,  i n  pa r t ,  t o  
s e l e c t i v e  removal o f  rodents t h a t  feed i n  t he  palms, and t o  the  use 
o f  b a i t s  t h a t  were p re fe r red  over growing nuts. Add i t iona l  f i e l d  
t r i a l  s  a re  needed t o  conf i rm the optimal treatment l e v e l  s  f o r  d i f -  , 

f e r e n t  coconut-growing regions i n  the  Ph i l ipp ines .  

Reinvasion o f  Rats Fol lowing Terminat ion o f  Crown B a i t i n g  i n  Coconut 

I n  previous eva lua t ions  o f  t he  crown-bai ti ng technique i n  coconuts 
we have been ab le  t o  reduce r a t  damage w i t h i n  4 months. With 
monthly ba i t i ng ,  low r a t  damage apparent ly  can be susta ined 
i n d e f i n i t e l y .  However, we know l i t t l e  about the  r a t e  a t  which r a t  
damage increases i f  crown b a i t i n g  i s  terminated. The purpose o f  
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Figure 1. Corr~pari son of the number of rat-damaged coconuts/l00 
t rees i n  one untreated p l o t  and two p l o t s  i n  which the 
crowns of 10% of the t rees were t reated w i t h  0.025% 
war fa r in  b a i t  a t  Calauan, Laguna, dur ing 1980. The 
per iod o f  land preparat ion f o r  adjacent r i c e  paddies i s  
indicated. 
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Figure 2. Comparison o f  r a t  a c t i v i t y  i n  one untreated p l o t  and i n  
two p l o t s  i n  which the crowns of 10% o f  the coconut t rees 
were t reated w i t h  0.025% warfar in b a i t  a t  Calauan, 
Laguna, dur ing 1981. The per iod o f  land preparat ion f o r  
adjacent r i c e  paddies i s  indicated. 
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t h i s  study was t o  document damage i n  coconut a f t e r  crown b a i t i n g  had 
been termi  nated. 

B a i t i n g  was terminated i n  three p l o t s  o f  coconuts near Bagabag, Nueva 
Viscaya, i n  December 1980. During ba i t i ng ,  the  p l o t s  had sustained 
damage l e v e l s  o f  about 10 rat-damaged nuts/plot/month. P r i o r  t o  t h i s  
ba i t i ng ,  the  p l o t s  had 60-1 30 rat-damaged nuts/p l  ot/month. Damage, 
based on the  number of f a l l e n ,  rat-damaged nuts was assessed i n  each 
p l o t  a t  3, 5, zind 7 months a f t e r  con t ro l  e f f o r t s  stopped. Rat 
a c t i v i t y  again was determined w i t h  t rack ing  t i l e s .  

A1 though r a t  a c t i v i t y  increased i n  a l l  th ree p l o t s  t o  the  20-30% pre- 
treatment a c t i v i t y  l e v e l  s  (Fig. 3), the number o f  damaged nuts 
increased on ly  s l  i g h t l y  and remained be1 ow pretreatment damage 1 eve1 s 
(F ig.  4) .  This suggests t h a t  re invas ion of r a t s  i n t o  t rea ted areas 
may n o t  necessar i ly  r e s u l t  i n  an immediate increase i n  damage. Rats 
niay only c l i n ~ b  t rees  and damage nuts under s t ress  o f  reduced food, o r  
compet i t ion f o r  space. 

Re1 a t i onsh ip  o f  Weeds t o  Rat Damage i n  Corn 

F i e l d  studies w i t h  many crops, i nc lud ing  r i c e  and corn, have shown 
t h a t  crops w i t h  weeds receive more damage than crops w i thout  weeds 
o r  crops w i t h  low weed densi ty .  Herbic ide t r i a l s  conducted by the  
P h i l i p p i n e  Weed Control  P ro jec t  ( I n te rna t iona l  P lan t  P ro tec t i on  
Center, Oregon Sta te  Un ive rs i t y )  repor ted  heavy r a t  damage i n  p l o t s  
as small as 10 x 10 m w i t h  weeds; these p l o t s  were w i t h i n  10 m o f  
adjacent p l o t s  w i thou t  weeds t h a t  received l i t t l e  o r  no damage. 

Locat ions w i t h  a h i s t o r y  o f  r a t  damage t o  corn were selected near 
San Roque, Batangas Province, and Mamburao, Occidental Mindoro. 
Three r e p l i c a t e s  o f  three treatments were used a t  each locat ion .  
Treatments inc luded herb ic ide  use, normal c u l t i v a t i o n ,  and no weed 
cont ro l .  Treatment p l o t s  were about 600 m2 w i t h  a weed-free 
b u f f e r  zone o f  5 m between rep1 ica tes .  San Roque was p lanted w i t h  
corn  on 28 October 1980 and Mamburao on 15 December 1980. 

Rat damage t o  corn occurs sporad ica l ly .  Most f i e l d s  e i t h e r  have h igh  
o r  very l i t t l e  damage, depending on the  abundance o f  r a t s  dur ing the 
suscept ib le period. I n  both study areas, a r e l a t i v e l y  low r a t  popu- 
l a t i o n  was present. 

The r e s u l t s  o f  the  t r i a l  a t  Mamburao were i n c o n c l ~ ~ s i v e  due t o  minimal 
r a t  damage. More r a t  damage was found i n  the  San Roque p lo ts ;  r a t s  
showed' a preference f o r  ears o f  corn i n  p l o t s  w i t h  weeds. The mean 
damage a t  San Roque f o r  the  th ree p l o t s  w i thou t  weed con t ro l  was 142 
ears/pl  o t  (range = 31 -355 ) compared t o  a mean o f  3 ears/p l  o t  (range 
= 2-5) f o r  normally c u l t i v a t e d  p lo ts ,  and 2 ea rs /p lo t  (range = 0-6 
f o r  herb ic ide- t rea ted p l o t s  (Fig. 5 ) .  
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F i gu re  3. Inc idence  o f  r a t  a c t i v i t y  f rom 
t r a c k i n g  t i l e s  p laced  i n  coconut 
p l o t s  f o l  l ow ing  t e rm ina t i on  o f  
crown b a i t i n g  w i t h  w a r f a r i n  a t  
Bagabag, Nueva Viscaya. 
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F i gu re  4. Number o f  rat-damaged nu t s  counted 
f o r  7 months a f t e r  crown b a i t i n g  
w i t h  w a r f a r i n  had been te rmina ted  
a t  s i t e s  i n  Bagabag, Nueva Viscaya. 
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F i gu re  5. Comparison o f  r a t  a c t i v i t y  (based on t r a c k i n g  t i l e s )  and 
damage i n  t h r e e  r e p l i c a t e  f i e l d s  o f  corn,  w i t h  o r  w i t h o u t  
h e r b i c i d e  appl i c a t i o n s ,  from 2 weeks o f  p l  a n t i  ng through 
ha rves t  a t  San Roque. - N = no. damaged ea rs  o f  co rn  a t  
harvest .  

It appears t h a t  weed c o n t r o l  c o u l d  reduce r a t  damage and should be 
cons idered i n  cos t :bene f i  t de te rmina t ions  o f  weed c o n t r o l  i n  corn. 
More da ta  c o r r e l a t i n g  weed l e v e l  s  w i t h  r a t  damage and y i e l d  need t o  
be c o l  1  ec t e d  . 
E f f i c a c y  o f  Fumigant Ca r t r i dges  t o  Cont ro l  R i ce f  i e l  d  Rats (Rat tus  
r a t t u s  mindanensis) i n  Burrows 

Burn ing vege ta t i on  and fumigat ing o r  f l o o d i n g  b ~ ~ r r o w s  a r e  methods 
f r e q u e n t l y  used by farmers and roden t  c o n t r o l  teams t o  reduce r a t  
damage t o  r i c e .  I n  P h i l i p p i n e  r i c e f i e l d s ,  o n l y  a  p o r t i o n  o f  t h e  
r a t  popu la t i on  ( u s u a l l y  n e s t i n g  females) occupy burrows. Burrow 
t rea tments  have n o t  adequately been eval  ua ted  t o  reduce roden t  
popu la t ions  and, u l  t i m a t e l y ,  damage. The e f f i c a c y  o f  a  fumigan t  
c a r t r i d g e ,  developed a t  DWRC, was t e s t e d  on R. - r. mindanensis a t  
t h e  I n t e r n a t i o n a l  Rice Research I n s t i t u t e  ( : [RRI~. 



Two s i t e s  of .  3-4 ha each, located i n  the  upland area o f  I R R I  w i t h  
comparable r a t  populat ions and s i m i l a r  c h a r a c t e r i s t i c s  o f  size, 
p l a n t  age, and v a r i e t y  were chosen. Each s i t e  was enclosed by 
chicken w i re  covered w i t h  a sheet o f  galvanized i ron .  The p l o t s  
were b a i t e d  w i t h  ant icoagulant  rodent ic ides  by I R R I  personnel. A1 1 
burrows were marked w i t h  bamboo s t i c k s  and plugged w i t h  mud. Burrows 
t h a t  were reopened o r  newly excavated the  fo l l ow ing  morniug were 
considered ac t ive .  One DWRC 85-9 gas ca r t r i dge ,  cons is t i ng  o f  10.8% 
sul  phur, 17.3% charcoal, 3.3% red phosphorous, 14.1% mineral o i l ,  
43.4 % sodium n i t r a t e ,  3.5% sawdust, and 7.6% i n e r t  mater ia ls ,  was 
l i t  and i n s e r t e d  i n  each a c t i v e  burrow system. Burrows were 
fumigated when the  crop was i n  the  f lowering, vegetat ive, and mature 
stages. A l l  openings were then closed w i t h  s o i l .  Two hours a f t e r  
fumigation, randomly selected burrows were dug up t o  est imate r a t  
m o r t a l i t y .  A c t i v i t y  was est imated from t r a c k i n g  t i l e s  pos i t ioned 
f o r  3 n igh ts  before and a f t e r  fumigat ion. 

A t o t a l  o f  84 burrows were fumigated; 22 i n  P l o t  I 1  and 62 i n  P l o t  
I. About 87% o f  the  dead r a t s  were females. Rat a c t i v i t y  was reduced 
50% when a c t i v e  burrows were fumigated dur ing the  vegeta t ive  stage 
(Fig. 6) .  However, l i t t l e  o r  no reduct ion  i n  a c t i v i t y  was achieved 
when burrows were fumigated dur ing the  f lower ing  and mature stages. 
The e f fec t iveness o f  fumigant ca r t r i dges  f o r  p rov id ing  immediate 
p ro tec t i on  from r a t  damage appears questionable. However, burrow 
treatments timed t o  the  reproduct ive season, i n  combination w i t h  
b a i t i n g  programs, might s u f f i c i e n t l y  reduce the  populat ion t o  a 
l e v e l  t h a t  p ro tec t i on  cou ld  be achieved. Due t o  the  cont inua l  
r e i  nvasi on o f  r a t s  from surrounding areas, burrow treatments woul d 
need t o  be implemented over l a r g e  areas t o  achieve an e f f e c t .  
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Figure 6. The e f fec t  on r a t  a c t i v i t y  of fumigat ing burrows w i t h  the  
DWRC gas c a r t r i d g e  i n  two p l o t s  o f  r i c e  dur ing th ree 
growth stages. 

BESTAVAILABLE COPY 



Lethal or sublethal electric barriers are being evaluated for 
protecting rice from rat damage in the Philippines. 

Bait containers that are inexpensive and locally available are 
important to the success of rodent control work. Cage trials, 
testing different bait container designs for rodent control, are 
being investigated in the Philippines. 



Eva lua t ion  o f  Rat Contro l  Techniques i n  Experimental F i e l d s  o f  t he  
I n t e r n a t i o n a l  Rice Research I n s t i t u t e  (Sayed Ahmed, M.S. Thesis)  

One o f  t he  most d i f f i c u l t  places t o  c o n t r o l  r a t  damage i s  on l a r g e  
experimental r i c e  farms where many d i f f e r e n t  c rop  stages o f f e r i n g  
food and s h e l t e r  e x i s t ,  y e t ,  where damage i s  i n t o l e r a b l e .  Rats 
e a s i l y  move among matur ing r i c e  paddies, feeding on r i c e ,  and 
avo id ing  any b a i t .  The cos t :bene f i t  r a t i o  of t he  e f fec t i veness  of 
c o n t r o l  techniques has n o t  p rev ious l y  been evaluated on research 
s ta t i ons .  

Four r a t  c o n t r o l  techn iques- -ba i t ing  w i t h  coumachlor, b a i t i n g  w i t h  
brodifacoum, l e t h a l  e l e c t r i c  r a t  b a r r i e r ,  and non le tha l  e l e c t r i c  r a t  
barr ier - -were evaluated dur ing  the  1980 wet season and 1981 dry  
season on experimental  farms of  I R R I .  Damage t o  r i c e  t i l l e r s ,  r a t  
a c t i v i t y ,  and cos ts  of t he  c o n t r o l  methods were evaluated. 

Ten experimental  p l o t s ,  about 0.25 ha each, and a t  l e a s t  90 m a p a r t  
were. se lected i n  each season. Each c o n t r o l  technique was rep1 i c a t e d  
tw i ce  each season, beginning 4 weeks a f t e r  t r ansp lan t i ng .  

Rat damage was determined near harves t  by count ing  c u t  and uncut 
t i l l e r s  i n  200 h i l l s / p l o t .  Rat a c t i v i t y  was determined from 10 
t r a c k i n g  t i l e s  t h a t  were placed along the  i n n e r  s i de  o f  t he  border 
d ikes  on 3 consecut ive n igh ts .  I n  p l o t s  w i t h  e l e c t r i c  b a r r i e r s ,  10 
t r a c k i n g  t i l e s  a l so  were placed ou ts ide  the  fence. Manpower and 
ma te r i a l  cos ts  were recorded f o r  each method. A survey was 
conducted o f  51 I R R I  research personnel from seven departments t o  
determine the importance of r a t  damage t o  t h e i r  t r i a l s .  

Damage ( ~ 1 % )  and r a t  a c t i v i t y  i n  p l o t s  p ro tec ted  by the  l e t h a l  
e l e c t r i c  b a r r i e r  were lower than i n  p l o t s  p ro tec ted  by t h e  o t h e r  
t h r e e  techniques. Damaged ti 11 e r s  averaged >9%, and a c t i v i t y  
a1 so was h ighes t  i n  reference p l o t s .  Rat a c t i v i t y  c l o s e l y  f o l l owed  
damage i n  a l l  p l o t s .  However, b a i t i n g  methods were much l e s s  
expensive than the  barr iers . .  The l e t h a l  e l e c t r i c  r a t  b a r r i e r  was 
t h e  most e f f ec t i ve  method, but ,  unfor tunate ly ,  t he  most expensive. 

Our survey a1 so i n d i c a t e d  t h a t  o f  173 r i c e  experiments conducted i n  
1980, research data were t o t a l l y  l o s t  i n  6.4% and p a r t i a l l y  l o s t  i n  
60% due t o  r a t  damage. Researchers were ab le  t o  c o l l e c t  t h e i r  
in tended data i n  o n l y  34% o f  t h e  experiments. 

Rat Damage t o  Hawaiian Gian t  I p i l  -1pi  1 (Leucaena 1 eucocephal a )  Trees 

Rat damage t o  Hawaiian g i a n t  I p i l - I p i l  (Leucaena leucoce ha1 a )  
t rees,  which a re  grown f o r  f u e l  f o r  thermo-generating A p ants  a t  t e 
P i1  o t  Dendro Thermal P l a n t  P r o j e c t  i n  Daclo l  o, Occidental  Mindoro, 
was eval uated. A rodent  c o n t r o l  prograni i nc l  uding damage appra i  sa l  , 
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snap trapping, ant icoagulant  ba i t i ng ,  species composition i d e n t i -  
f i c a t i o n .  and t r a i  n i  nq of ~ r o . i e c t  ~ e r s o n n e l  was i n i  t i a ted .  The ~ e s t  
species were i d e n t i f f e d  as f. r. 'mindanensis, R. exulans, and R. 
argent iventer .  The 3- t o  4-y%arzold t rees  (10 c m - i n T i i K h a d  scars 
o f  e a r l i e r  r a t  damage. Younger t rees  (about 2.5-3 m i n  he ight  and 
5 cm i n  diam) had nhnerous f iesh r a t  damage; r a t s  had s t r i pped  the  
bark, about 6 mm deep, along young branches. The most severe damage 
occurred t o  newly p lanted seed1 ings o r  sap1 ings o f  1 m i n  height,  
causing numerous rep1 a n t i  ngs. Damage was p r e l  i m i  n a r i  l y  eval uated 
as 60%. An ant icoagulant  b a i t i n g  program i s  underway. 

Rat Damage t o  Coffee (Coffea robusta)  

Coffee farmers i n  nor thern Luzon experience r a t  damage t o  cof fee 
(Coffea robusta)  t rees  between the  months of October and December. 
Damage t o o f f e e  t rees  begins du r ing  the f l ower ing  pe r iod  when 
new growth i s  present. Secondary and t e r t i a r y  branches are cut ,  
s t r ipped,  o r  g i rd led .  A f t e r  a few weeks, severe d e f o l i a t i o n  and 
l o s s  o f  bean product ion occurs. Eighteen o f  20 p lan ta t i ons  v i s i t e d  
dur ing  October 1980 had v i s i b l e  signs o f  rodent  damage. Pre l im inary  
s tud ies  t o  conf i rm the damage, i d e n t i f y  the  r a t  species, and 
i n i t i a t e  con t ro l  measures were undertaken. 

Three co f fee  p lan ta t i ons  were selected i n  K i  angan, I fugao Province 
f o r  study. Twenty-five snap t raps  were se t  i n  each p l a n t a t i o n  f o r  
1 n igh t  on seven occasions between October 1980 and December 1981. 
Damage was est imated by count ing the number o f  rat-damaged branches 
i n  40 randomly selected trees. E igh t  b a i t i n g  po in ts  ( t r e e s )  were 
selected i n  which two coconut husk b a i t  holders, conta in ing  an 
ant icoagulant  roden t i c ide  i n  r i c e  shorts  o r  who1 e r i c e ,  were placed. 
B a i t  was added as needed by farmers who checked the  holders tw ice  
weekly. 

Several species o f  rodents are responsib le f o r  damage t o  coffee. 
During 175 t r a p  n ights,  50 - R. e v e r e t t i ,  12 R. exulans, and 10 R. r. 
mindanensis were caught. Traps se t  i n - t r e e s  caught o n l y  K. - 
e v e r e t t i  . 
Damage probably can be reduced w i t h  b a i t i n g  programs. The number 
of damaged branches -in P l o t s  I, 11, and I 1 1  before treatment were 
206, 180, and 318, respect ive ly ,  and 32, 501, and 0 a f t e r  t r e a t -  
ment. P l o t  I 1  was no t  treated. The harvest  from t r e a t e d  p l o t s  was 
tw ice  as great  as dur ing the  previous 2 years, wh i l e  y i e l d  i n  the  
~ l n t r e a t e d  p l o t  was comparable. Monthly b a i t  consur~iption i n  the 
t r e a t e d  p l o t s  decl ined from October 1980 through Apr i  1 1981 before 
r i s i n g  i n  November and December 1981. S i m i l a r  damage repor ted ly  
occurred i n  co f fee  grown i n  Mindoro and Mindanao. 



A r e c e n t  v e r t e b r a t e  p e s t  problem, Rat tus e v e r e t t i  damage t o  c o f f e e ,  
i s  be ing  i n v e s t i g a t e d  -in t h e  P h i l i p p i n e s .  Rats, such as t h e  one 
captured i n  a  snap t r a p  p laced i n  a  c o f f e e  t r e e ,  gnaw, s t r i p ,  and 
c u t  t e rm ina l  branches, caus iqg damage and reduced bean y i e l d .  



Eva1 u a t i n g  Methiocarb as a Repel l e n t  Against Phi 1 i pp ine  B i r d  Pests 

Two s tud ies  were conducted t o  determine the  repe l lency  of 
methiocarb t o  th ree  species o f  mannikins, pests t o  r i c e  i n  t he  
Ph i l ipp ines .  I n  t he  f i r s t  study, the R50 values o f  methiocarb t o  
th ree  species o f  mannikins were determined. The value f o r  each 
species was: Lonchura ma1 acca--0.043% (CL 0.069% - 0.027%), L. 
p u n c t u l a t a - - 0 . 0 m - 0 . 0 8 8 %  0.037%), and L. leuco a s t e r  0.03c% 
(CL 0.049% - 0.026%). The chemical apparent y cou be used 
economical l y  under f i e 1  d condi t ions.  

+- - 

I n  the  second study, methiocarb was evaluated as a seed t reatment  
f o r  reducing b i r d  damage t o  hand-sown r i c e  seeds i n  Mamburao, 
Occidental Mindoro. IR-26 seed r i c e  was t rea ted  w i t h  0.25% 
methiocarb seed t r e a t e r ,  sown, and germinated according t o  farm 
p rac t i ces  i n  one p l o t .  Another p l o t  was l e f t  untreated. 
Twenty-f i  ve sampl i ng po i  n t s /p l  o t  were establ  i shed and the  number o f  
seeds/sampling p o i n t  counted. B i r d  counts were made immediately 
a f t e r  sowing and f o r  t he  next  18 days. 

This  demonstration i nd i ca ted  the p o t e n t i a l  o f  0.25% methiocarb seed 
treatment i n  reducing b i r d  damage t o  hand-sown r i c e  seeds. Damage 
a t  the  conclus ion o f  t he  study showed 5.3% damage t o  the  t r e a t e d  
p l o t  and a s i  gni  f i c a n t l ~  (5 <0.01) h igher  damage l e v e l  o f  61 .7% 
i n  the  untreated p l o t .  B i r d  counts remained h igh  i n  the  un t rea ted  
p l o t ,  whereas, i n  t he  t r e a t e d  p lo t ,  no b i r d s  were observed feeding 
a f t e r  the  f o u r t h  day (Table 13; Fig. 7) .  Add i t iona l  cos t :bene f i t  
s tud ies  are  needed t o  develop spec i f i c  recommendations f o r  us ing  
methiocarb i n  b i r d  damage s i t ua t i ons .  

Table 13. Average number of b i r d s  ( 2 )  and r i c e  seed1 ings  (x + SD) , 
and damage from a demonstFation a t  Mamburao, Ocyiaental 
Mindoro, Ph i l i pp ines ,  i n  which 0.25% methiocarb seed 
t r e a t e r  was app l ied  t o  hand-sown r i c e  seed. 

Avg no. % 
P l o t  B i  rds/day Seed1 i ngs/sampl i ng p o i n t  damage 

Treated 21 
Untreated 426 



------  UNTREATED 
TREATED DAYS POST TREATMENT 

Figure  7. Average number o f  b i rds/hour  i n  a p l o t  sown w i t h  
meth iocarb- t reated r i c e  seed and i n  a f i e l d  sown w i t h  
un t rea ted  r i c e  seed i n  t he  Ph i l i pp ines .  

Eva lua t ing  P l a s t i c  Leg Streamers as Markers f o r  Mannikins and 
Sparrows 

On 23 and 24 June 1981, 76 b i r d s  o f  t h ree  species o f  mannikin (L. 
unc tu la ta ,  L. malacca, and L. leuco  a s t e r )  and one species <f 

b P a s < e r  montanus) we% m& 1 x 3.5-cm o l a s t i c .  
f l uo rescen t  S A F L A G ~  o r  FACILON~ l e g  streamers (weighing 0.2 g)  
t o  determine t h e i r  u t i l i t y  as markers f o r  these species which 
sometimes are  pests t o  cereal  crops i n  the  Ph i l i pp ines .  The l e g  
streamers were at tached t o  the ta rsus  us ing  0.1-g a lum in~~m l e g  
bands (3  mn i n t e r n a l  diam). The mannikins were p u t  i n  a communal 
2.0 x 2.0 x 2.0-m screened cage; the  sparrows were p u t  i n  a 2.5 x 
2.0 x 2.1-m cage enclosed w i t h  f i s h  net. Unmarked b i r d s  of a l l  
species a l so  were p u t  i n  t h e  cages. Both cages were outdoors. The 
b i r d s  were checked once weekly f o r  streamer l o s s  and m o r t a l i t y .  

Most o f  the  mannikins remained a l i v e  and r e t a i n e d  t h e i r  streamers 
f o r  6 months. However, a f t e r  t h i s  time, both marked and unmarked 
b i r d s  began t o  d ie ,  presumably due t o  coo le r  c l i m a t i c  cond i t i ons  
associated w i t h  seasonal changes. Most o f  t he  sparrows escaped 
from the  cage w i t h i n  1 week. Yet, f o r  the nex t  4-5 months, between 
th ree  and f i v e  marked sparrows were observed r e g u l a r l y  i n  t he  
v i c i n i t y  o f  the  o t h e r  caged b i rds .  



Nectar-feeding bats, Rousettus amplexicaudatus, which damage bananas in the Philippines, were 
maintained in captivity to-test attachment glues for radio transmitters. 



The resu l t s  indicate t ha t  leg streamers can be used for  marking both 
mannikins and sparrows. I t  i s  planned t o  use streamers i n  popula- 
t ion studies of sparrow damage t o  stored grain i n  warehouses and in 
movement studies f o r  a1 1 species i n  crop protection evaluations. 

Coo~erat ion With National and International Oraani zations 

A year-long demonstration of crown bait ing i n  coconut was completed 
w i t h  the Crop Protection Center in P i l i ,  Camarines Sur Province. 
Treated and untreated plots  were establ  i shed; monthly records were 
kept of r a t  damage, r a t  ac t iv i ty ,  and harvested coconuts. The study 
arep was used f o r  demonstration and extension of techniques of 
bait ing and censusi ng. 

A t  the request of commercial banana growers i n  Mindanao, damage 
caused by nectar-feeding bats i s  being investigated. These bats 
(Rousettus amplexicaudatus) scratch young bananas i n  the  process of 
feeding on the nectar of the banana flower, making the  bananas 
unacceptable fo r  market. Bat populations apparently were reduced by 
mist net col lect ions  during a 1 -year period; more than twice a s  many 
females a s  males were captured. 

Personnel and Trai n i  na 

Training continued to be an important component of the Vertebrate 
Pest Project during 1981 (Table 14). In addition, two manuals were 
prepared i n  cooperation w i t h  IRRI fo r  use !'n pest management 
training courses and for  pub1 ication and dis t r ibut ion.  

Six individual s, including f ive  international students, were 
enrolled a t  the University of the Philippines a t  Los Banos ( U P L B )  
f o r  graduate level training i n  vertebrate pest  management. Four 
F i l  i p i  no students, a1 so pursuing doctoral degrees i n  verteerate 
pest management, enrolled i n  the U.S. a t  Michigan S ta te  University, 
Bowling Green State  University, and a t  North Carolina S ta te  
University. 

Seventeen individual s were graduated from the 10-month diploma 
course fo r  crop protection spec ia l i s t s  which s ta r ted  i n  November 
1980. The course again was offered in June 1981 to  25 students, 
including one Indonesian. The course is  funded by a USAID Training 
Grant through the National Crop Protection Center, College of 
Agriculture, UPLB. Several Southeast Asian countries have 
expressed an i n t e r e s t  i n  part icipating i n  future courses. 
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Table 14. Summary o f  ver tebra te  pes t  c o n t r o l  t r a i n i n g  i n  t he  
P h i l i p p i n e s  dur ing  1981.a 

Length 
Sponsoring No. Representing o f  

agency i n d i v i d u a l  s  Profession country  t r a i  n i  ng 

Nat ional  Food 
A u t h o r i t y  

Nat ional  Food 
A tho r i  ty 

I n t e r n a t i o n a l  
Rice Research 
I n s t i t u t e  
( IRRI)  

3  Research Indonesia 2.5 months 

1  Research P h i l i p p i n e s  2.5 months 

15 Research Phi 1  i pp i  nes 3  days 
and 
operat ional  
c o n t r o l  

I R R I  40 

18 Research Indonesia, 
Bang1 adesh, 
Burma, 
Ma1 aysia, 
P h i l  ippines, 
I n d i a  

U n i v e r s i t y  o f  25 
the  Phi 1  i pp i  nes 
a t  Los Baiios 

Baybay Nat ional  300 
Col l ege o f  
Agr i  c u l  t u r a l  
Techno1 ogy , 
Laguna Province 

6 days 

Crop Many t r o p i c a l  0.5 day 
product ion  coun t r i es  

Student Ph i l ipp ines ,  4 days 
I ndonesi a  

Student Phi l i ppines 0.5 day 

I 1  72 Farmer Phi 1  i pp i  nes 0.5 day 

a Seven students were g iven assistance i n  specia l  problems r e l a t e d  
t o  ver tebra te  pests a t  t he  U n i v e r s i t y  of t he  P h i l i p p i n e s  a t  Los 
Baiios (UPLB). 



OUTREACH ACTIVITIES 

DWRC s t a f f  t r a v e l e d  i n  Afr ica,  Asia, Caribbean, L a t i n  America, and 
Europe du r i ng  1981. Travel was undertaken i n  con junc t i on  w i t h  
ongoing f i e l d  research a c t i v i t i e s  and a t  t h e  request  o f  f o r e i g n  
governments through AID Missions o r  AID Washington, t o  p a r t i c i p a t e  
i n  i n t e r n a t i o n a l  meetings, assess ve r teb ra te  pes t  problems, o r  t o  
review, evaluate, and coord i  nate present  and f u t u r e  research pro- 
grams. TDY a c t i v i t i e s  from the  DWRC have become an i n c r e a s i n g l y  
impor tan t  p a r t  o f  t h e  p r o j e c t  and DWRC w i l l  con t inue  t o  respond t o  
such requests through AID. Many types o f  shor t - term eva lua t ions  and 
coopera t ive  s tud ies  w i t h  host-country s c i e n t i s t s  may be c a r r i e d  o u t  
exped i t i ous l y  i n  t h i s  manner. Th is  t r a v e l  i nvo l ved  385 man-days ir, 
t h e  fo l l ow ing  count r ies :  

Kenya Bang1 adesh Domi n ican  Nicaragua I t a l y  
Sudan Phi 1  i pp i  nes Republ i c Un i ted  
E9.Y p t  I n d i a  H a i t i  Kingdom 
E th iop ia  Burma 

Travel dates, persons involved,  coun t r i es  v i s i t e d ,  and the  purpose 
of each t r i p  a r e  o u t l i n e d  b r i e f l y  i n  Table 15. De ta i l ed  
i n fo rma t i on  i s  conta ined i n  i n d i v i d u a l  t r i p  r e p o r t s  on f i l e  a t  t he  
Denver W i l  d l  i fe Research Center, Sec t ion  of I n t e r n a t i o n a l  Programs. 



Table 15. I n t e r n a t i o n a l  t r a v e l  f o r  technical  assistance p r o j e c t s  by AID/USFWS-DWRC personnel dur ing  
1981 . 

Date Travel e r  Dest ina t ion  Purpose o f  V i s i t  

22 Jan-14 Feb L. A. F i e d l e r  Bang1 adesh Conduct ongoing s tud ies  i n  the  f i e 1  d  and a t  
t he  1  aboratory a t  Bangl adesh Agr icu l  t u r a l  
Research I n s t i t u t e  (BARI) i n  Joydebpur. 
Consult  w i t h  BARI  o f f i c i a l s .  Plan and 
coordinate a c t i v i t i e s  u n t i l  a r r i v a l  o f  new 
P r o j e c t  Leader. 

17 Feb-10 Mar R. M. Poch6 Egypt, I t a l y  

ul 
r\) 

7-24 Mar R. F. Reidinger Nicaragua 

12-28 Mar L. A. F i e d l e r  Bang1 adesh 

25Apr-11 May J. W. DeGraz io  Sudan, Kenya 

25 Apr-22 Jun J. 0. K e i t h  Sudan, Kenya 

Assess ver tebra te  pest  problems i n  Egypt 
and make recommendations f o r  con t ro l .  
D i  scuss ver tebra te  pes t  problems w i t h  FA0 
o f f i c i a l s  i n  Rome. 

Assess problem o f  rodent  damage t o  a g r i -  
c u l t u r a l  crops and make recommendations 
f o r  so lu t ions .  

Complete f i e l d  study "Evaluat ion o f  r a t  
c o n t r o l  i n  wheat" i n i t i a t e d  November 
1980. Consult  w i t h  BARI and USAID 
o f f i c i a l s  r e  Vertebrate Pest Pro jec t .  

Close USAID/DWRC Vertebrate Pest P r o j e c t  
i n  Khartoum, Sudan. Discuss cooperat ive 
b i r d  c o n t r o l  research w i t h  FAO, USAID, and 
Government o f  Kenya o f f i c i a l s .  

P a r t i c i p a t e  i n  c l o s i n g  o f  USAID/DWRC Verte- 
b r a t e  Pest P r o j e c t  i n  Khartoum, Sudan. 
P a r t i c i p a t e  i n  quel ea research s tud ies  
w i t h  FA0 o f f i c i a l s  i n  Kenya. 



Table 15 ( c o n t ' d )  

Date Trave ler  Dest ina t ion  Purpose o f  V i s i t  

10 May-3 J u l  R. L. Bruggers Eth iop ia ,  Kenya, A s s i s t  U.N. Food and Agr i cu l  t u r e  Organiza- 
Phi 1  i pp i  nes t i o n  personnel conduct an ex tens ive  b i r d  

survey and b i  rd-marki ng technique t e s t s  i n  
E th iop ia .  Meet w i t h  Bowling Green Sta te  
U n i v e r s i t y  graduate students i n  Kenya. 
Review b i r d  c o n t r o l  research i n  t h e  
P h i l  i p p i  nes. 

19-23 May J. W. De Grazio H a i t i  

cn 

Review progress and d iscuss f u t u r e  a c t i v i -  
t i e s  o f  newly es tab l  i shed Vertebrate Pest  
P ro jec t .  

W 

2 8 J u n - 2 5 J u l  D. L. Hayes H a i t i ,  A s s i s t  P r o j e c t  Leader and H a i t i a n  counter-  
Dominican Republic p a r t s  i n  surveys of rodent  damage t o  r i c e  

and corn  and evaluate susta ined b a i t i n g  
technique i n  Hai ti. Assi s t  ve r teb ra te  
pes t  c o n t r o l  s p e c i a l i s t s  i n  Dominican 
Republ i c  w i t h  sampl i ng procedures f o r  
sorghum damage. 

10 Aug-31 Oct J.  0. K e i t h  H a i t i ,  Evaluate e f f e c t s  o f  p e s t i c i d e s  on b i r d s  and 
Dominican Republ i c  w i l d 1  i f e  i n  H a i t i .  Conduct rad io te lemet ry  

s tud ies  on b i r d s .  Evaluate ways t o  reduce 
animal damage t o  seed1 i n g s  i n  a  re fo res ta -  
t i o n  p r o j e c t  i n  H a i t i .  I n  the  Dominican 
Republic, assess damage t o  crops caused by 
b i r d s  and species and crops involved.  



Table 15 (con t ' d )  

Date Travel e r  Dest ina t ion  Purpose o f  V i s i t  

23 Aug-2 Sep R. L. Bruggers Dominican Republic, Guide Dominican Republ i c  ver tebra te  p e s t  
H a i t i  con t ro l  special  i s t s  i n  b i r d  damage con t ro l  

research. Discuss b i r d  c o n t r o l  research 
s tud ies  underway i n  H a i t i  and the  Dominican 
Republic w i t h  USAID/DWRC P r o j e c t  Leader. 

14 Sep-4 Oct J. W. De Grazio Phi 1  ippines,  
Bangl adesh 

12 Oct-8 NOV 
P R. L. Bruggers Eth iopia,  Kenya, 

India,  Uni ted 
K i  ngdom 

16-27 Nov J. E. Brooks Burma 

Review admini s t r a t i  ve and program a c t i v i  - 
t i e s  w i t h  P r o j e c t  Leaders, USAID, and host  
Government o f f i c i a l s  i n  P h i l i p p i n e s  and 
Bangl adesh. 

Conduct quelea c o n t r o l  research s tud ies  i n  
E th iop ia  w i t h  FA0 b i o l o g i s t s .  D i  scuss 
f u t u r e  cooperat ive research s tud ies  w i t h  
FA0 o f f i c i a l s  i n  Kenya. Present paper on 
b i r d  pests i n  A f r i c a  a t  t he  Symposium o f  
the  I n t e r n a t i o n a l  Crops Research I n s t i t u t e  
f o r  t h e  Semi-arid Tropics (ICRISAT) i n  
Ind ia .  Discuss Curb, a  chemical b i r d  
repel  1  ent, w i  t h  manufacturer. 

Guest 1  ec tu re r  i n  Worl d  Heal t h  Organi za- 
t i o n  In te r reg iona l  Course i n  Rodents o f  
Economic Importance and Pub l ic  Heal th 
Importance. 



AFRICA 

The USAID/DWRC-sponsored Vertebrate Pest P r o j e c t  i n  Sudan c losed 
dur ing 1981. Consequently, a1 1 DWRC quelea research a c t i v i t i e s  i n  
A f r i c a  were conducted dur ing  TDY's from the  Denver W i l d l i f e  Research 
Center. I n  E t h i o ~ i a .  s tud ies  were conducted i n v o l  v i  n~ r a d i o t e l  e- 
metry w i t h  red-bi l l ed quel ea (Quel ea uel ea) and v i l  iage weavers + (Pl oceus cucu l l  a tus  1, f l  uorescent p a r t i  c  e mass-marking of quel ea 
nest ing  colonies, and methiocarb r e p e l l e n t  t r i a l  s  on r i pen ing  
sorghum. I n  Kenya, quelea nest ing  co lon ies  were surveyed and 
feather samples of quelea were obtained f o r  determinat ion o f  t h e i r  
movements by matching pat te rns  i n  l e v e l s  of t race  elements. 

Special thanks are due t o  A g r i c u l t u r e  Development Department o f  t he  
Eth iop ian M i n i s t r y  o f  Agr icu l tu re ,  the Eth iopian Sorghum Improvement 
Project ,  t he  Desert Locust Control  Organizat ion f o r  Eastern A f r i c a  
(DLCO-EA) , the UNDP/Food and Agr i cu l tu re  Organizat ion Quel ea 
Pro jec ts  i n  East A f r i c a  and Senegal, and Sa fa r i  He l icopters  f o r  
making t h i s  work possible. The studies o f f e r e d  an idea l  s i t u a t i o n  
and t r u l y  unique oppor tun i ty  t o  combine DWRC research advances 
( radiote lemetry,  marker dyes) and FA0 Quelea Pro jec t  knowledge o f  
the b i r d  s i t u a t i o n ,  l o g i s t i c a l  support, and f a c i l i t i e s  (vehic les,  
personnel, a f ixed-wi  ng a i r c r a f t ,  and he1 i cop te r ) .  

Radiotel  emetry With Quelea 

Radio t ransmi t te rs ,  developed a t  DWRC and weighing 1.8 g, were 
at tached t o  quelea i n  E th iop ia  t o  determine the f e a s i b i l i t y  o f  t h i s  
technique f o r  r a p i d l y  1 o c a t i  ng nest ing  co lon ies  and studying l o c a l  
movements. Quelea weigh on ly  20-22 g, making them the ma1 l e s t  
b i r d s  t o  which ex terna l  t ransmi t te rs  have been attached. The rad ios  
were glued t o  the base o f  the  t a i l  o f  19 b i r d s  (15 males and 4 
females). The i r  movements were fo l lowed over the per iod  from 7 May 
(prenest ing)  t o  28 June ( a d u l t  departure) w i t h  a Bel l -47 h e l i c o p t e r  
and from observat ion towers i n  the  nest ing  colony. 

The data obtained have important  crop p ro tec t i on  imp1 i ca t i ons ,  and 
are very i n t e r e s t i n g  from a b i o l o g i c a l  viewpoint. B r i e f l y ,  some o f  
these conclusions are: 

- Quelea could ca r ry  the rad ios  (which weigh 8-9% of t h e i r  
body weight) a f t e r  a sho r t  acc l imat ion  period. 

- Four nes t ing  co lon ies  were l oca ted  dur ing  the 2- t o ,  3-day 
nest  cons t ruc t i on  stage by t rack ing  the  r a d i  o-equi pped 
males. This stage i s  n o t  normally found because o f  i t s  
b rev i t y ,  the remoteness o f  the colonies, and the b lending of 
the  green nest  r i n g s  w i t h  the trees. The r e s u l t s  i n d i c a t e  
t h a t  rad ios  can be used t o  l o c a t e  colonies, t h a t  may 



otherwise no t  be found us ing convent ional ground o r  a e r i a l  
surveys. The e a r l y  de tec t i on  of co lon ies  a l so  a l lows f o r  
almost 30 days t o  organize c o n t r o l  operat ions, i f  they are 
j u s t i f i e d .  

- Colonies are  formed successively ( n o t  simultaneously) by the  
p a r t  of t he  popu la t ion  t h a t  i s  ready t o  breed when s u i t a b l e  
h a b i t a t  i s  found. Extensive d a i l y  movements and colony 
interchange occur a t  t h i s  time. 

- The feeding movements a t  t h i s  stage are usua l l y  l e s s  than 
1.6-3.2 km. The f a c t  t h a t  b i r d s  remain c lose  t o  the  
co lon ies  dur ing  the approximately 3-week n e s t l  i ng and 
f l e d g l i n g  stage a1 so reduces the  chance t h a t  ground survey 
teams w i l l  l o c a t e  them. 

Radiotel  emetry With V i l l  age Weavers 

The ob jec t i ves  o f  t h i s  study i n  E th iop ia  were t o  evaluate the  
usefulness o f  co lo red l e g  streamers and r a d i o  t r a n s m i t t e r s  f o r  
s tudying the movements and behavior o f  v i l l a g e  weavers and masked 
weavers (P .  i ntermedi us)  t h a t  were n e s t i  ng together .  Nest ing and 
movement 7n fo rn ia t i on  i s  p a r t i c u l a r l y  scarce f o r  both o f  these 
species, and n e i t h e r  has been s tud ied  us ing  niarked b i rds .  A t o t a l  
o f  135 b i r d s  o f  both species were marked w i t h  p l a s t i c  l e g  
streamers, and four  v i l  lage weavers, weighing 35 g, were equipped 
w i t h  1.8-9 r a d i o  t ransmi t te rs .  Radios were glued t o  the  t a i  1. The 
nes t i ng  chronology of t h i s  colony and th ree  o the r  masked weaver 
co lon ies  i n  the  area was determined, the  co lon ies  were mapped, and 
nes t i ng  b i r d s  were observed i n t e n s i v e l y .  The movements o f  
r a d i  o-equipped and streamered b i  rds  were regul  a r l y  monitored from 
the  ground; on two occasions cont inuous ly  from dawn t o  dusk. 
Add i t i ona l  l oca t i ons  were obtained us ing the  he1 i cop te r .  

The study demonstrated the  usefulness o f  both l e g  streamers and 
r a d i o  t ransmi t te rs  f o r  s tudying p l  ocei d weavers. It provided new 
and i n t e r e s t i n g  behavioral  observations, some very simi 1 a r  t o  those 
observed w i t h  quelea, on the  nes t ing  b io logy  o f  these species. 
B r i e f l y ,  1  .i ke quel ea, groups of v i  1  1 age weavers bred sequenti a1 l y  , 
i n  successively formed colonies,  i n d i c a t i n g  t h a t  i n d i v i d u a l  s  
reached breeding c o n d i t i o n  a t  d i f f e r e n t  times. Streamered b i r d s  
were found nes t ing  i n  a1 1 four co lonies,  a1 though marked i n  on ly  
one. The i r  movements w h i l e  feeding n e s t l  ings  were p red i c tab le  and 
i n  c lose  p rox im i t y  t o  the  colonies. One p a r t i c u l a r l y  good feeding 
area was used by b i r d s  from a l l  t he  colonies,  i n d i c a t i n g  the  
p o s s i b i l i t y  o f  i n fo rma t ion  exchange. Females made more than 35 
feeding t r i ps /day  t o  t h e i r  nests. The males o f  these species a re  
polygamous and ass i s ted  i n  feeding nes t l ings ,  bu t  appeared t o  do so 
a t  on ly  one nest. Adul ts  dispersed and formed roos ts  immediately a t  
the  t ime the  young fledged. 



M i n i a t u r e  t r a n s m i t t e r s ,  weigh ing 1 .8  g, were a t t a c h e d  t o  t h e  t a i l  
f e a t h e r s  of  r e d - b i l  l e d  que lea (Quelea que lea)  f o r  movement s t u d i e s  
i n  E t h i o p i a .  



Mass-marki ng o f  Quel ea 

Knowledge i s  needed o f  t he  p a t t e r n  and t i m i n g  o f  migra tory  movements 
i n  t he  Eth iop ian  R i f t  Va l ley  o f  r e d - b i l l e d  quelea, the  p r i n c i p a l  
b i r d  pes t  t o  Afr ican a g r i c u l t u r e .  Therefore, a technique was 
developed f o r  marking l a r g e  numbers of b i r d s  i n  May and June 
breeding co lon ies  i n  southwestern Eth iopia.  The b i r d s  had t o  
r e t a i n  the  markers f o r  a t  l e a s t  2 months t o  determine i f  they moved 
i n t o  the  Awash Basin. 

During 1980, DWRC cooperated w i t h  t h e  FA0 p r o j e c t  by supplying 
blicrotaggantsR f o r  such a marking study. However, because hand 
sprayers had t o  be used, on l y  6,321 b i r d s  were marked, an inadequate 
number consider ing t h a t  several m i l  1 i o n  quelea probably nested i n  
t h a t  area. Likewise, i t  was on l y  poss'ible t o  i nspec t  a s i m i l a r  
number o f  recaptured b i r d s  f o r  the  Microtaggants, so t h a t  the  study 
was i nconcl u s i  ve. 

A method o f  a e r i a l l y  apply ing a marker t o  massive numbers o f  
breeding b i r d s  appeared necessary. During June 1981, fo rmula t ions  
o f  Day- lo^ f l uo rescen t  p a r t i c l e s  ( w i t h  p a r t i c l e  s i zes  o f  4-5 vm) 
were sprayed on th ree  nes t i ng  co lon ies  o f  quelea i n  southern 
E th iop ia  us ing a DLCO-EA Beaver equipped w i t h  M ic rona i r  blades. The 
a p p l i c a t i o n  method was s i m i l a r  t o  t h a t  commonly used i n  a v i c i d e  
sprays o f  quelea nes t ing  co lon ies  so t h a t  no major mod i f i ca t i ons  
were needed. 

More than 1.2 m i l l i o n  nes t ing  quelea were marked w i t h  a e r i a l l y  
app l i ed  f l uo rescen t  p a r t i c l e s .  Th i r teen marked b i r d s  from f i v e  
nes t ing  co lon ies  o r  roos ts  were captured dur ing  August, September, 
and October i n  t he  Upper and Middle Awash R iver  Val ley, up t o  100 
days a f t e r  spraying operat ions and between 500 and 700 km from the  
o r i g i n a l  marking 1 ocat ions. These captures c o n f i  rm the  hypothesized 
m ig ra t i on  r o u t e  i n  t he  R i f t  Va l ley  and are the  f i r s t  observat ions 
o f  t he  phenomenon o f  i t i n e r a n t  breeding o f  quelea i n  A f r i ca .  Th i s  
knowledge o f  the  temporal and s p a t i a l  d i s t r i b u t i o n  o f  quelea i n  
re1 a t i onsh ip  t o  suscept ib le  sorgh~lm i n  t h e  R i f t  Val1 ey has i r r~por tan t  
imp1 i c a t i o n s  i n  developing an e f f e c t i v e  crop p r o t e c t i o n  s t ra tegy  f o r  
E th iop ia .  Numerous s i t u a t i o n s  e x i s t  i n  A f r i c a  i n  which the  
mass-marking techniques can l e a d  t o  a b e t t e r  understanding o f  t h e  
movement pa t te rns  o f  quelea and, there fore ,  p rov ide  a bas is  upon 
which s e l e c t i v e  popu la t ion  reduct ion  s t r a t e g i e s  can be formulated. 

Quel ea Col ony Surveys 

I n  May and June, a DWRC b i o l o g i s t  worked w i t h  b i o l o g i s t s  o f  FA0 and 
t h e  Kenya, Sudan, and Tanzania M i n i s t r i e s  o f  A g r i c u l t u r e  t o  survey 
quelea breeding co lon ies  i n  t he  nor thern  f r o n t i e r  o f  Kenya. 
H i  s t o r i c a l  evidence suggests t h a t  quel ea breed a1 ong the  Eth iop ian  
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border where much su i  t a b l  e h a b i t a t  ex is ts ,  bu t  no systematic 
surveys have been conducted. 

The border country between Moyale on the  east  and the  Uganda border 
on the west was t raversed by he1 i c o p t e r  and land rovers. Quelea 
co lon ies  were located wherever sui  t a b l  e h a b i t a t  (1 ow Acacia trees, 
l ush  grass stands, and open water) was present. No such count ry  
was found west o f  Lake Turkana and no quelea were present. Between 
Lake Turkana and Moyale, 10 breeding colonies o f  quelea were 
located. 'The area was on ly  p a r t i a l l y  surveyed. 

Feather Trace Elements 

DWRC b i o l o g i s t s  i n i t i a t e d  a study t o  evaluate the  chemical 
corr~posit ion o f  fea thers  from quelea throughout Af r ica .  The 
composition o f  chemical s i n  feathers can r e f 1  e c t  the  geographical 
areas .in which b i r d s  l i v e .  As the  chemical composition o f  s o i l s  
d i f f e r s  between areas, accumulations o f  t race  elements i n  p lants,  
seeds, and b i r d s  tend t o  be unique. If the composition o f  t r a c e  
elements i n  feathers o f  quelea a c t u a l l y  provides a phys io log ica l  
marker by which populat ions can be recognized, i t  w i l l  g r e a t l y  
a s s i s t  i n  management o f  the species. 

A r e l a t i v e l y  small percentage of the quelea populat ion damage 
a g r i c u l t u r a l  crops. E f f o r t s  t o  reduce t h i s  damage can be g r e a t l y  
f a c i  1 i t a t e d  i f  the  d i  s t r i  bu t i on  and movements o f  problem 
populat ions are known. Management p rac t i ces  t o  reduce crop losses 
cou ld  then be app l ied  t o  those s p e c i f i c  aggregations t h a t  are known 
t o  move i n t o  crop areas and cause damage. 

DWRC and FA0 b i o l o g i s t s  c o l l e c t e d  feathers from b i r d s  o f  d i f f e r e n t  
ages and sexes, both i n  breeding colonies and i n  a g r i c u l t u r a l  areas 
i n  Eth iopia,  Tanzania, Sudan, Kenya, and Senegal. I n i t i a l  ly, 
analyses w i l l  be made t o  t e s t  the  a b i l i t y  o f  chemicals t o  
d i f f e r e n t i a t e  between the  major subspecies o f  quelea i n  Af r ica .  I f  
t e s t s  are successful, the  a b i l i t y  of fea ther  chemicals t o  
d i  s t i  ngui sh between 1 ocal popul a t ions  w i  11 be explored. Add i t iona l  
labora tory  analyses may be conducted a t  DWRC t o  determine i f  age 
and sex v a r i a t i o n s  occur. As b i r d s  of d i f f e r e n t  sex and age o f t e n  
are segregated dur ing the molt, t h e i r  feather chemistry may 
d i f f e r .  Analyses of the  chemical composition o f  feathers from 
quel ea co l  1 ected i n  Eth iopia,  Tanzania, and Senegal were begun a t  
DWRC i n  l a t e  1981 and the  r e s u l t s  w i l l  be a v a i l a b l e  i n  1982. 

Methiocarb Repel 1 e n t  T r i a l  s 

For the  four th consecutive year, the  r e p e l l e n t  methiocarb was 
tes ted aga ins t  quelea i n  E th iop ia  i n  cooperat ion w i t h  the  Eth iopian 
sorghum Improvement P r o j e c t  (ESIP) . The 12-ha experimental p l o t  a t  



Fluorescent resin uarticles are inexpensive, dust-sized uarticles that are easilv auulied bv 
aerial spraying t o '  nesting colonies of red-bil led quelea' (Quelea quel ea) . ~housinds' of bird: 
can be marked t o  determine local or migratory movements so as t o  improve management practices. 



Damage assessments p rov i de  impo r tan t  i n f o rma t i on  needed f o r  unders tand ing  v e r t e b r a t e  p e s t  
s i t u a t i o n s  and sugges t ing  c rop  p r o t e c t i o n  methods. 



Me1 kassa contained several thousand breeding 1 i nes and v a r i e t i e s  o f  
sorghum w i t h  d i f f e r e n t  maturing dates. As i n  previous years, 
methiocarb was app l ied  t o  i n d i v i d u a l  heads i n  a l t e r n a t e  5-m bands 
o f  from 50- t o  100-m length. 'The a p p l i c a t i o n  covered approximately 
50% o f  the area. Two complete app l i ca t i ons  were undertaken. 

'The r i pen ing  sorghum came under heavy quelea at tack.  Although the  
quel ea aggregations were 1 a t e r  e f f e c t i v e l y  destroyed w i t h  a e r i a l  
spraying, the  methiocarb provided excel l e n t  p r o t e c t i o n  f o r  almost 2 
weeks before the con t ro l  operat ions cou ld  be undertaken. A t  
harvest,  on l y  an est imated 14.1% of the  sorghum had been l o s t  t o  the  
b i rds .  The e f f i c a c y  of methiocarb i n  p r o t e c t i n g  sorghum was s i m i l a r  
t o  t h a t  obtained i n  t r i a l s  dur ing  the  previous 3 years. I n  1976, 
w i thout  the  use o f  methiocarb an est imated 42% o f  the crop was 
destroyed. The combined use o f  methiocarb and popu la t ion  reduct ion  
techniques cont inues t o  provide good p r o t e c t i o n  t o  r i pen ing  sorghum 
i n  t h i s  area where farmers do no t  normally p l a n t  sorghum because o f  
b i r d  damage. Lowland sorghum i s  we l l  s u i t e d  t o  t h i s  drought-prone 
area, and i t  i s  hoped tha t ,  i n  the  fu ture ,  these techniques w i l l  
a1 1 ow f o r  increased cereal  production. 

VERTEBRATE PEST PROBLEM DEFINITION 

During 1981, the  M i n i s t r y  o f  Ag r i cu l tu re  (MOA) o f  t he  Arab Republic 
o f  Egypt and the M i n i s t r y  o f  A g r i c u l t u r a l  Development and Agrar ian 
Reform (MIDINRA) o f  the Government o f  Nicaragua requested assistance 
from USAID t o  examine the  ex ten t  o f  r a t  problems i n  these coun t r i es  
and t o  formulate recommendations t o  m i t i g a t e  the s i t ua t i on .  The 
DWRC was requested t o  perform the evaluat ion.  The gracious 
assistance o f  many i n d i v i d u a l s  i n  the Government and USAID i n  both 
coun t r i es  con t r i bu ted  t o  the success o f  these m i  ssions. 

The s ta tus  o f  ver tebra te  pest  research and con t ro l  was examined i n  
Egypt between 18 February and 7 March. Most o f  the crops grown i n  
the country experience some type o f  animal damage. Most f i e l d s  and 
a1 1 ter~iporary storage s i t e s  v i s i t e d  showed s igns o f  rodent  problems. 
Rats damaged sugarcane, maize, beans, vegetables, wheat, r i c e ,  
f r u i t s .  cotton. and many o ther  croDs. The major rodent  ~ e s t s  
responsib le f o r  g r a i n  10s; were the  ~ i i e  r a t  ( ~ r v i c a n t h i s  n i l o t ' i c u s )  
and r o o f  r a t  (Rat tus r a t t u s ) ,  and t o  a l esse r  degree, the spiny 
mouse (Acoqys c a h i r i n u s m N o r w a y  r a t  (Rat tus norvegicus). 

Birds, mainly house sparrows (Passer domesticus), European sparrows 
(Passer h i  spaniol ensi  s )  , comnon s tar1  i ngs (Sturnus vu l  a r i  s )  , and 
d r [ S t r e  t o  e l  i a  spp.) consume enormous amounts o h  crops 
each year, %+- o t  i n  storage and i n  f i e l d s .  F r u i t  ba ts  (Rousettus 
spp.) c o n t r i b u t e  t o  heavy losses i n  annual f r u i t  crop production. 



Vertebrate pest research needs and recommendations i nc1 uded : 
studying the d i s t r i b u t i o n  of pest  species; developing accurate 
techniques f o r  assessing crop damage and moni tor ing rodent  
abundance; conducting labora tory  studies of LD50 and roden t i c ide  
bioassays; and eva luat ing  rodent  con t ro l  techniques i n  small -scale 
f i e 1  d t r i a l  s t o  develop safe and econoniical l y  a f fo rdab le  con t ro l  
techniques which can be used by farmers. 

Nicaragua 

Nicaragua s u f f e r s  chronic i n - f i e l d  losses t o  rodents i n  a l l  major 
crops, i n c l u d i n g  r i ce ,  corn, beans, sorghum, sugarcane, melons, 
vegetables, and cot ton.  Methodology f o r  annual systematic assess- 
ments o f  damage i s  on l y  now being developed f o r  several crops. 

The co t ton  r a t  (Sigmodon h isp idus)  i s  repor ted  most f requent ly  as 
the  major a g r i c u l t u r a l  pest. It i s  commonly i d e n t i f i e d  and 
described by farmers by i t s  s c i e n t i f i c  name. co t ton  r a t s  were the 
major pest  encountered i n  r i c e f i e l d s .  Damage i n  the  form o f  c u t  
stems along d ikes was ev ident  by the  second o r  t h i r d  month a f t e r  
germination, and appeared t o  increase i n  i n t e n s i t y  f o r  the  du ra t i on  
o f  the growing season. Runways, c u t  stems, and p i l e s  of unhul led 
gra ins  were common w i t h i n  dry, maturing paddies. Gravid r a t s  and 
young l i t t e r s  a l so  were comnon both  i n  matur ing r i c e f i e l d s  and a t  
surface l e v e l  . i n  wee& areas adjacent t o  the  f i e l d s .  

Serious and in tens i ve  e f f o r t s  were being made by most farmers t o  
reduce r a t  damage. On some farms, d ikes  were destroyed and r e b u i l t  
t o  e l im ina te  burrows. Rats are k i l l e d  as they emerge from these 
dikes, i n  the f i e l d s  dur ing  the growing season, and du r ing  
harvest. On many farms, d ikes and uncu l t i va ted  land adjacent t o  
r i c e f i e l d s  are burned, plowed, cut ,  o r  sprayed w i t h  herb ic ides  t o  
reduce r a t  harborage. 

The most comnonly used approach t o  chemical con t ro l  i s  the  
a p p l i c a t i o n  o f  b a i t  conta in ing  an acute roden t i c ide  ( z inc  phosphide 
o r  endr i  n ) , f o l  1 owed by continuous appl i c a t i o n s  o f  an ant icoagulant  
b a i t  f o r  the  remainder of t he  growing season, o r  u n t i l  the b a i t  was 
no longer eaten. Acute and chronic rodent ic ides  sometimes are 
a l te rna ted  throughout the  growing season. The most common form o f  
preparat ion was t o  packet 2-4 oz of b a i t  i n  small p1,astic bags. On 
several farms, the bags were coated w i t h  a mater ia l  such as vegeta- 
b l e  o i l  o r  ground bone-meat meal t o  make the  packet a t t r a c t i v e  t o  
ra ts .  Bags usua l l y  were p laced along tops o f  dikes. On several 
farms, a mixture of endr in and honey ( o r  molasses) was being sprayed 
on vegetat ion along dikes. Farmers repor ted  t h a t  r a t s  became s o i l e d  
wh i l e  moving a1 ong the d ike  and, subsequently, groomed the mater ia l  
and died. Most farmers f e l t  t h a t  t h e i r  con t ro l  e f f o r t s ,  though 
intensive,  were only p a r t l y  successful. 



Cotton r a t s  a1 so are  considered the  major pes t  t o  sugarcane. Damage 
was present i n  f i e l d s  3 months o r  o lder .  Rats gnawed through t h e  
in ternodes o f  standing cane, usua l l y  near t he  base, causing the cane 
t o  break and f a l l ,  w i t h  secondary i n f e c t i o n  sometimes occurr ing.  On 
one p lan ta t i on ,  about 24% o f  the  canes were damaged r e s u l t i n g  i n  
about 4% l o s s  i n  sugar content.  

P lan ta t i ons  r e l y  almost exc lus i ve l y  on z inc  phosphide, ant icoagu- 
l an ts ,  and end r in  f o r  con t ro l ,  and on t r a p  success t o  measure t h e  
e f  f e c t i  venss o f  a given c o n t r o l  procedure. 

S. h isp idus,  and some smal ler  rodents, were considered common pes ts  - 
t o  cantaloupes, watermelons, and gourds by ea t i ng  newly p lan ted  
seeds (necess i ty  reseeding) o r  gnawing matur ing f r u i t s .  Damage i n  
one cantaloupe f i e l d  was est imated a t  over 30%. 

TRAINING 

Because o f  the  importance o f  ve r teb ra te  pes ts  t o  food product ion and 
storage i n  most coun t r i es  o f  the  world, there  i s  an increased need 
f o r  s p e c i a l i s t s  t o  def ine, research, and manage these problem 
species. Recognizing the  need f o r  graduate t r a i n i n g  i n  the newly 
emerging f i e l d  o f  Ver tebrate Pest Management, t he  Department o f  
F ishery  and W i l  d l  i f e  B i o l  OW, Colorado Sta te  Un ivers i ty ,  has 
developed a cooperat ive arrangement w i t h  the  U.S. F i s h  and W i l d l i f e  
Serv ice 's  Denver W i ld l  i f e  Research Center f o r  i n d i v i d u a l s  seeking 
advanced educat ion i n  Ver tebrate Pest Management (VPM) and f i e l d s  
r e l a t e d  t o  the  c o n t r o l  o f  animal damage. A spec ia l  e f f o r t  has been 
made t o  address the  i n d i v i d u a l  needs o f  i n t e r n a t i o n a l  p a r t i c i p a n t s  
i n  managing ve r teb ra te  pes t  problems i n  t h e i r  home countr ies.  Th i s  
e f f o r t  supplements programs present ly  e x i s t i n g  a t  o ther  u n i v e r s i t i e s .  

The academic program c o n s i s t s  o f  courses such as 

P r i  n c i  p l  es o f  W i  1 d l  i f e  Management 
W i  1 d l  i f e  Management Techni ques 
Vertebrate Pest Management 
W i  1 d l  i f e  Ecology 
S t a t i s t i c s  
W i  1 d l  i f e  B i  01 ogy Semi nar  
Independent Study i n  Ver tebrate 

Pest Management 

Mammal ogy 
Orni tho1 ogy 
Animal Behavior 
W i ld l  i f e  Populat ion Dynamics 
W i l  d l  i f e  N u t r i t i o n  
Pub1 i c  Re la t ions  i n  Natural  

Resources 
Economics o f  Natura l  Resources 

The graduate research may be conducted a t  Colorado Sta te  Un ivers i ty ,  
a t  t h e  Denver W i l d l i f e  Research Center, o r  a t  var ious  cooperat ing 
f i e l d  s t a t i o n s  i n  the  Uni ted States o r  o ther  countr ies.  I n  t he  
l a t t e r  cases, a research s c i e n t i s t  a t  t he  f i e 1  d s ta t i on ,  who a1 so i s  
an appointed CSU a f f i l i a t e  facu l t y ,  w i l l  be designated t o  supervise 
the  s tudent 's  progress. 



Prospec t i ve  s tuden ts  engaged i n  roden t  o r  b i r d  c o n t r o l  opera t ions  o r  
r e l a t e d  research i n  VPM i n  t r o p i c a l  c o u n t r i e s  a r e  urged t o  cons ider  
t h i s  o f f e r i n g  f o r  spec ia l  i z e d  graduate educat ion. Programs l e a d  t o  
t he  master o f  sc ience o r  doc to r  o f  p h i l i s o p h y  degrees. 

For  a d d i t i o n a l  i n f o r m a t i o n  i n c l  u d i  ng t he  General Catalog, I n t e r n a -  
t i o n a l  Student I n fo rn i a t i on  Brochure, and d e t a i l e d  a p p l i c a t i o n  pro-  
cedures, con tac t :  

Dr. J u l i u s  G. Nagy, Pro fessor  o f  W i l d l i f e  B io l ogy  and 
Coord ina to r  f o r  I n t e r n a t i o n a l  A c t i v i t i e s  
C o l l  ege o f  Fo res t r y  and Natu ra l  Resources 
Colorado S ta te  U n i v e r s i t y  
F o r t  C o l l i n s ,  Colorado 80523 USA 
Tel ephone: (303) 491 -5901 

I n  add i t i on ,  DWRC con t inued  t o  a s s i s t  graduate research i n  Ver te-  
b r a t e  Pest  Management a t  Bowl ing Green S t a t e  Un i ve rs i t y .  Two M.A. 
theses eva l  u a t i  ng sensory cue enhancement - o f  methi  ocarb repe l  1 ency 
and t h e  use o f  meth iocarb f o r  p r o t e c t i n g  r i p e n i n g  wheat i n  Tanzania, 
were undertaken by a Sudanese and a Tanzanian FAO-sponsored student.  



SUPPORT1 NG RESEARCH 

Enhancing B i r d  Repel 1 ency t o  Methiocarb by Adding Sensory Cues 

Chemicals which serve as v i sua l ,  o l f a c t o r y ,  o r  t a c t i l e  cues have 
been shown t o  enhance t h e  b i r d  r e p e l l e n t  p rope r t i es  o f  methiocarb. 
As w h i t e  v i sua l  cue showed promise on sunf lowers aga ins t  damage by 
red-winged b lackb i rds  (Agelaius hoeniceus), a fo rmula t ion  o f  f-- i n t e r i o r  wh i te  l a t e x  p a i n t  and ca cium carbonate (CaC03) pigment 
was tested.  Thi s fo rmula t ion  and a meth iocarb-wat t le  t ann in  
( t a c t i l e  cue) f o rmu la t i on  were tes ted  by a Sudanese M.S. candidate 
from Bowling Green Sta te  Un ive rs i t y ,  E l  s a f i  Mohamed Elmahdi, on 
wheat, r i c e ,  and sorghum against  red-b i  11 ed quel ea (Quel ea quel ea) . 
GIheat was chosen f o r  add i t i ona l  t es t s .  Both 0.32% and 0.40% 
CaC03 i n  one t e s t ,  and both 0.32% CaC03 and 0.5% w a t t l e  t ann in  
i n  another t e s t  enhanced 0.008% methiocarb fo rmula t ions  on wheat 
(Table 16). Both m a t e r i a l s  a re  s u i t a b l e  f o r  f i e l d  t e s t i n g  on cereal  
g ra ins  w i t h  methiocarb; t he  choice depends upon the  crop and the  
c o s t  and a v a i l a b i l i t y  o f  t he  chemical. 

Table 16. Mean % preference by quelea f o r  meth iocarb- t reated 
m i l l e t  and methiocarb cue- t reated m i l l e t  compared 
w i t h  un t rea ted  m i l  l e t .  

Formul a t i  on 
Methi ocarb Cue 

Test  ( % I  ( %  ) preferencea 

0.008 no cue 50.19 a 

0.008 CaC03 0.32 32.22 b 

0.008 Tannin 0.50 43.24 b 

t reatment  consumption ( g )  
a Percent  reference = t o t a l  food consumption (g )  X 100. 

, I n  each t e s t ,  means fo l lowed by the  same l e t t e r  a re  n o t  s i g -  
n i f i c a n t l y  d i f f e r e n t  a t  t he  - P ~ 0 . 0 5  l e v e l .  



Genetic Development o f  Less-Suscepti b l  e V a r i e t i e s  o f  Sorghums 

Worldwide, many v a r i e t i e s  o f  sorghums t h a t  are l e s s  suscept ib le t o  
b i r d  damage are unpopular because o f  t h e i r  poor n u t r i t i o n a l  
qual i t i e s .  DWRC has conducted numerous chemical and behavioral 
s tud ies  dur ing the  past  4 years, o f t e n  i n  cooperat ion w i t h  o ther  
1 aborator ies,  t o  i d e n t i f y  more acceptable v a r i e t i e s .  Co l labora t ive  
genetic s tud ies  present ly  are underway w i t h  the Un ive rs i t y  o f  
Arkansas t o  develop sorghum v a r i e t i e s  which are  l e s s  suscept ib le t o  
b i r d  damage dur ing the m i l k  and dough stages, ye t ,  r e t a i n  h igh 
n u t r i t i o n a l  qual i ty when mature. A breedi ng experiment a t  the  
Fayet tev i  11 e, Arkansas nursery y i e l  ded e i g h t  F1 hyb r id  candidates 
f o r  advanced evaluat ions.  These e i g h t  hybr ids,  and a few from other  
i h s t i  t u t i  ons, w i l l  be screened i n  1 aboratory chemical -behavioral 
s tud ies  a t  DWRC. The f o u r  top-ranked v a r i e t i e s  w i l l  be f u r t h e r  
evaluated i n  f i e l d  enclosure s tud ies  dur ing  1982. The most promising 
hybr ids  w i l l  be tes ted  a t  one o f  t he  AID f i e l d  s t a t i o n s  i n  1983. 

Repellency Charac te r i s t i cs  o f  P lan t  Substances 

The dry leaves and a steam d i s t i l l a t e  o f  w i l d  g inger have shown 
repel  1 ency against  several species o f  mammal s. Both preparat ions 
a1 so were h igh ly  repe l  l e n t  t o  red-bi  11 ed quel ea; they apparent ly 
cause a "numbing" sensation i n  the  mouth. High Pressure L i q u i d  
Chromatography (HPLC) was used t o  i s o l a t e  and i d e n t i f y  the  a c t i v e  
component( s )  responsib le f o r  t h i s  sensation. The steam d i s t i l  1 a te  
o f  w i l d  g inger was separated i n t o  th ree l a r g e  f rac t i ons .  Each 
f r a c t i o n  was then surface-coated on m i  1 l e t  and preference-tested 
aga ins t  m i l l e t  coated w i t h  c o n t r o l  d i s t i l l a t e .  Most o f  the  a c t i v i t y  
seemed t o  res ide  i n  the  e a r l y  emerging f r a c t i o n .  The p r o j e c t  w i l l  
be cont inued du r ing  1983. 

Developing S i  1 i con  Dioxide Gel s f o r  W i  l d l  i f e  Management Appl i c a t i o n s  

Si  1 i con  d iox ide  gel s have po ten t ia l  appl i c a t i o n  as roden t i c ide  
c a r r i e r s .  During 1980, the  v iscos i ty - tack  ( s t i c k i n e s s )  r e l a t i o n -  
ships were determined f o r  corn o i l  ge l s  o f  10 s i l i c o n  d iox ide  
products. I n  1981, 15 add i t i ona l  s i l i c o n  dioxides, a c l a y  product, 
and aluminum s teara te  were s i m i l a r l y  evaluated. Tack i s  the most 
des i rab le  property f o r  most gel formul a t i o n  uses and, consequently, 
t he  primary rank ing f a c t o r  f o r  the s i l i c o n  d iox ide  products. 

Water r e s i  stance was measured by d i  pp i  ng gel -coated ti 1 es 1 ,500 
t imes i n t o  water and determining weight l o s s  o f  the  gel layer .  
Amorphous s i l i c o n  d iox ide  corn o i l  ge ls  were completely l o s t  under 
these extreme condi t ions.  However, amorphous s i l  i con  d iox ide  
p a r a f f i n  o i l  ge ls  weathered wel l .  P a r a f f i n  o i l s  are composed 
mainly o f  nonpol a r  and h i g h l y  water-immi sc i  b l  e hydrocarbons, 
whereas vegetable o i l s  have po la r  carbonyl groups which make them 



more e a s i l y  emu ls i f i ab le  i n  water. Water-res is tant  p roper t i es  can 
be imparted by specia l  processing o f  s i l i c a s ;  corn o i l  ge l s  o f  
Tul 1 anox 500, Aerosi 1 R-972, and Si  pernat  17 showed negl i g i  b l  e 
weathering. 

S i l i c o n  d iox ide  ge ls  were evaluated as c a r r i e r s  f o r  rodent t o x i -  
cants. Laboratory wh i te  r a t s  were gavaged w i t h  Sy lo id  244 
(nonbdrophobic)  corn o i l  gel preparat ions o f  z inc phosphide and 
brodifacoum. Zinc phosphide, an acute tox i can t ,  had an LD50 o f  
19.95 mg/kg (CL 30.3 mg/kg - 13.2 mg/kg) and brodifacoum had an 
LD50 o f  0.5 mg/kg (CL 0.6 mg/kg - 0.4 mg/kg). Both values are con- 
s i s t e n t  w i t h  those reported f o r  corn o i l  formulat ions o f  these two 
tox icants .  Corn o i l  ge l s  from other  s i l i c o n  d iox ide  products were 
evaluated by gavaging s i x  whi te labora tory  r a t s  w i t h  30 mg/kg o r  45 
mg/kg doses o f  z inc  phosphi de i n  the  respect ive  gel (Tab1 e 17). 

Table 17. Oral t o x i c i t y  o f  gel formulat ions conta in ing  
z inc  phosphide i n  wh i te  l abo ra to ry  ra ts .  

Z i  nc phosphi de 
% concn Mortal  i ty 

Test  component formul a t iona (mg/kg ) r a t e  

Tul lanox 500 100 
25 
25 

Aerosi 1 R-972 1 00 
100 
8 5 
7 0 
55 
40 
2 5 

Sipernat  17 100 

a Corn o i l  gel formulat ions o f  v i s c o s i t y  265 + 10 m/lO 
penetrat ion, e i t h e r  w i t h  t e s t  component aloTie, o r  i n  
combination w i t h  Sy lo id  244 amorphous s i l i c o n  dioxide. 

Because hydrophobic p roper t i es  are  important  considerat ions when 
rodent ic ides  are used i n  h igh r a i n f a l l  areas, the  poss ib le  i n h i b i -  
t i o n  o f  z inc  phosphide t o x i c i t y  needed t o  be evaluated. Tests o f  
combinations o f  Syl o i d  244 and the hydrophobic products i nd i ca ted  
t h a t  25% Tul lanox and 75% Sy lo id  244 provided adequate water 



res is tance wi thout  ser ious ly  i n h i b i t i n g  the  t o x i c  p roper t i es  o f  
z inc  phosphide. Gels can be formulated w i t h  des i rab le  odor, f l a v o r ,  
and water-resi s t a n t  propert ies,  and t h e i  r physical  p roper t i es  o f  
v i s c o s i t y  and tack can be manipulated t o  meet p a r t i c u l a r  use 
condi t ions.  They have p o t e n t i a l  use i n  both food storage and f i e l d  
damage s i tua t i ons .  Some of the s i l i c o n  d iox ide  powders appear 
usefu l  f o r  w i  1  d l  i fe management appl i c a t i o n s  and add i t i ona l  
i nves t i ga t i ons  are  planned. 

Nest Mater ia l  as a  Means o f  Deliverincr Avic ides 

I n  A f r i ca ,  quelea roos ts  and nest  s i t e s  r o u t i n e l y  are sprayed w i t h  
av ic ides  ( fen th ion  o r  parath ion)  t o  p r o t e c t  r i pen ing  cereal crops 
from b i r d  damage. A method of apply ing c o n t r o l  agents us ing the  
quelea 's  na tura l  nest-weaving behavior as a  means o f  d e l i v e r i n g  the  
chemicals c u r r e n t l y  i s  under i nves t i ga t i on .  This method o f f e r s  
increased safety f o r  p i l o t s  and ground crews dur ing a p p l i c a t i o n  and 
a l lows a p p l i c a t i o n  t o  be made dur ing  d a y l i g h t  hours. Test ing w i t h  
po ten t ia l  av ic ides  ( fen th ion ,  parathion, ~ a s a n i  t R ,  and 
vo l  atonR) invo lves  present ing av ic ide- t rea ted nest mater ia l  
(13-cm strands o f  c o t t o n  s t r i n g )  t o  male-female p a i r s  o f  quelea, 
observing changes i n  weaving pat terns,  and assessi ng mortal  i ty 
a f t e r  a  2-hour exposure a t  I-, 2-, 4-, and 24-hour i n t e r v a l s .  
Volaton- t reated mater ia l  has shown t o  have very low t o x i c i t y  t o  
quelea. Exposure was f a t a l  on ly  t o  one b i r d  a t  l e v e l s  above 30% 
when d i l u t e d  w i t h  acetone. 

The LD50 l e v e l  o f  Dasanit  on nest  ma te r ia l  was determined as 3.2%. 
To f u r t h e r  de f ine  the  LD50, 1.25% and 0.39% l e v e l s  were tes ted  
using acetone as a  d i l u t a n t .  Ten o f  18 b i r d s  d ied  a t  a  1.25% l e v e l ,  
and 5  of 18 b i r d s  d ied  a t  a  0.39% l e v e l .  Dasanit, therefore,  
appeared t o  ho ld  the most p o t e n t i a l  as an av i c ide  f o r  quelea con t ro l  
when app l ied  t o  nes t i ng  mater ia l .  The method may a l s o  have a p p l i -  
c a t i o n  t o  con t ro l  o f  the  v i l l a g e  weaver which causes crop losses i n  
bo th  A f r i c a  and several Caribbean count r ies .  

Eva1 u a t i  ng Commercial U l t rason ic  Rodent Repel l e n t  Devices 

High-frequency sound and u l t r a s o n i c  rodent r e p e l l e n t  devices have 
been marketed f o r  20 years as a  means o f  c o n t r o l l i n g  rodent  
i n f e s t a t i o n s  i n  b u i l d i n g s  and damage t o  s tored grain. Many 
tes t imon ia l  c la ims o f  the ef fect iveness o f  these devices ex i s t .  
Under an Interagency Agreement between EPA and USFWS, research was 
i n i t i a t e d  t o  o b j e c t i v e l y  measure e f f i c a c i e s  o f  seven u l t r a s o n i c  
devices under c l  osed-col ony and f i e 1  d  condi t ions.  A 69-m2 room 
was modif ied f o r  t es t i ng ,  instrumented w i t h  photoce l l  sensors, and 
checked f o r  acoust ica l  cha rac te r i s t i cs .  Formal e f f i cacy  evaluat ions 
w i l l  be c a r r i e d  o u t  i n  t h i s  room and under actual  f i e l d  cond i t i ons  
dur ing  1982. 



Breeding N i l e  Rats (A rv i can th i  s n i l o t i c u s )  and Lesser Bandicoot Rats 
(Bandicota bengalensi s )  i n  C a p t i v i t y  

A breeding colony of N i l e  r a t s  (A rv i can th i s  n i l o t i c u s )  was 
es tab l ished a t  DWRC. Known-age i n d i v i d u a l s  were sent t o  Bowling 
Green State U n i v e r s i t y  fo r  s tud ies  t o  c o r r e l a t e  standard 
morphol og ica l  measurements (body weight , sex, t o t a l  body, ear, 
t a i l ,  and h ind  f o o t  lengths)  w i t h  age through 1 year. Cur ren t ly ,  
no age determinat ion method e x i s t s  f o r  t h i s  pest  rodent  which 
i n h a b i t s  the  a r i d  regions o f  North A f r i ca .  

Speci a1 shipping cages and breeding f a c i  1 i ti es were developed f o r  
1 esser bandicoot r a t s  ( Bandicota bengalensi s )  from Bang1 adesh. 
Separate male-female p a i r s  were housed i n  i n d i v i d u a l  1.5 x 3-m 
enclosures w i t h  nes t  ma te r i a l  and l a r g e  cover boxes t o  minimize 
f i g h t i n g ,  i n j u r y ,  and death. Nesting boxes were added as young 
were born. Over 150 young have been produced. These animals w i l l  
be used f o r  b i o l o g i c a l ,  behavioral ,  and roden t i c i de  t o x i c i t y  
research. 

Eva1 u a t i  ng Taste Add i t i ves  t o  Enhance the Repel 1 ency of Methi oca'rb 
t o  Quelea 

The t r a d i t i o n a l  A f r i can  farmer cannot a f f o r d  t o  i n v e s t  heav i l y  i n  
a g r i c u l t u r a l  chemicals f o r  c o n t r o l  o f  quelea damage t o  cereal  crops. 
Although methiocarb has proven t o  be an e f f e c t i v e  b i r d  r e p e l l e n t  
when app l ied  t o  crops a t  2-3 kg/ha, the  c o s t  o f  the  chemical o f t e n  
l i m i t s  i t s  use. 

An a l t e rna te ,  economical, and poss ib ly  more e f f e c t i v e  approach t o  
standard appl i c a t i o n  techniques i s  bg i  ng eval  uated and i n v o l  ves 
apply ing the chemical t o  g r a i n  ( m i l l e t  seed) b a i t s  o r  t o  r i p e n i n g  
heads a t  the f i e l d  edges a t  h igh  concent ra t ion  l eve l s .  The r e s t  o f  
the  f i e l d  would be t rea ted  w i t h  low l e v e l s  o f  methiocarb. To 
improve the  t rans fe r  of learned repe l lency  by quelea from b a i t  o r  
per ipheral  heads, t a s t e  and/or c o l o r  s t i m u l i  cou ld  be incorporated 
i n t o  the  methiocarb-spray formulat ion.  

The f i r s t  phase o f  t h i s  study involved determin ing the ex ten t  t o  
which quelea t r a n s f e r  learned repe l lency  from m i l  l e t  seed b a i t  t o  
m i l l e t  seed heads. Two quelea groups (N = 10 b i rds/group)  were 
i n d i v i d u a l  l y  g iven 2 days o f  exposure to- 0.1 5% methiocarb-treated 
m i l l e t  seed. The two groups were then g iven 8 days o f  preference 
t e s t i n g  between e i t h e r  m i l  1 e t  seed (0.05% methiocarb) and sorghum 
seed, o r  m i l l e t  heads (0.05% methiocarb) and sorghum. There were 
no o v e r a l l  group d i f f e rences  i n  the  average amount o f  methiocarb- 
t rea ted  seed consumed. The preference t e s t s  i nd i ca ted  t t d t  quel ea 



were more r e p e l l e d  by 0.05% methiocarb on m i l l e t  heads (13.9%) than 
on m i l  1 e t  seed (5.1 % I ,  suggesting t h a t  1 earned methiocarb repe l lency  
was e a s i l y  t rans fe r red  from the  seed b a i t  t o  m i l l e t  heads. 

I n  a second phase o f  t h e  study, f i v e  quelea groups ( N  = 6 b i r d s /  
group) were exposed f o r  2 days t o  m i l  l e t  seed t rea tea w i t h  0.1 5% 
methiocarb p lus  one o f  f o u r  t a s t e  s t i m u l i  (3.0% dextrose, 0.5% 
fenugreek ex t rac t ,  1 .O% m i l l e t  seed o i l ,  o r  0.5% papr ika o leo)  o r  
untreated m i l l e t  seed b a i t .  A l l  b i r d s  were given a choice between 
0.5% methiocarb-treated heads o r  mixed g r a i n  f o r  8 days. The mean 
dosing l e v e l s  va r ied  among groups dur ing  the exposure pe r iod  
(dextrose = 47 mg/kg, fenugreek = 18 mglkg, m i  1 l e t  o i l  = 25 mg/kg, 
and papr ika = 8 mglkg). 

Enhanced repel lency was noted f o r  the  dextrose group (7.6%) compared 
t o  29.2% f o r  untreated seeds on the  f i r s t  t e s t  day. Repellency was 
greates t  f o r  a l l  groups a f t e r  the f i r s t  day o f  exposure (Table 18). 
A fo rmula t ion  o f  c o l o r  cues w i t h  reduced amounts o f  methiocarb on 
m i l l e t  seed b a i t  w i l l  be evaluated next. Combining t a s t e  and c o l o r  
cues may s u f f i c i e n t l y  enhance methiocarb repel lency so t h a t  normal 
f i e l d  a p p l i c a t i o n  r a t e s  can be reduced. 

Table 18. Mean % (+ SD) preference f o r  m i  1 l e t  heads compared t o  
mixed g r z i n  seed b a i t  by quelea g iven previous exposure 
t o  methiocarb and f l a v o r  agents. 

F lavor  agents ( t a s t e  st imul  i ) 
Day Dextrose Fenugreek M i l  1 e t  o i  1 Paprika 01 eo Untreated 



Learned Aversion Res~onses o f  Rats 

The computerized data recording system, es tab l ished i n  1980, has 
cont inued t o  prov i  de usefu l  i nformat i  on regard i  ng the  feeding 
pat te rns  o f  w i  1 d ra ts .  Data analyses o f  comparative, m i  nute-by- 
minute feeding pat te rns  o f  groups o f  N i l e  r a t s  (A. n i l o t i c u s ) ,  
co t ton  r a t s  (Sigmodon h i  spidus), and Norway r a t s  m. norvegicus) 
continued. A BASIC-Language program was prepared t h a f t a b u l a t e s  the  
amount eaten by r a t s  dur ing successive minutes o f  feeding. Data 
from the feeding pa t te rn  study are being summarized using t h i s  
s t a t i s t i c a l  program. Add i t i ona l l y ,  an RS-232 compatible telephone 
modem, i n c l u d i n g  necessary transmission software, was w i red t o  the  
system. 

A p i l o t  study t o  assess the  feeding responses o f  r a t s  fed l i t h i u m  
c h l o r i d e  (an i 11 ness-causi ng drllg llsed t o  induce 1 earned t a s t e  
avers ion)  was completed. Six r i c e f i e l  d r a t s  (R. r. mindanensis) 
were adapted t o  the  t e s t  apparatus, and then prcsenTed ground r i c e  
mixtures conta in ing  0.3% sodium saccharin and 3.0% l i t h i u m  ch lor ide .  
A l l  r a t s  stopped ea t ing  w i t h i n  6 t o  12 min. During subsequent 
presentat ions o f  sacchari n - t rea ted and untreated r i ce ,  t he  r a t s  
r e f r a i n e d  from inges t ing  saccharin-treated r i c e  f o r  several days. 
The r a p i d  cessat ion o f  feeding on l i t h i u m - t r e a t e d  r i ce ,  and the  
quick development o f  a learned t a s t e  avers ion response suggest t h a t  
the  1 earned aversion responses shoul d be eval uated f o r  p ro tec t i ng  
crops and s tored food. 

Waterproofing 4-Ami nopyr i  d i  ne Tab1 e ted B a i t  

The concentrat ion o f  4-aminopyridine i s  known t o  be more uni form i n  
tab le ted  b a i t s  than cracked corn ba i t s .  However, f i e l d  t r i a l s  
revealed t h a t  r a i n f a l l ,  mo is t  ground, and dew caused r a p i d  de te r io -  
r a t i o n  o f  the  tab le ted  ba i ts ,  despi te a wax coat ing. Therefore, 
t e s t s  were i n i t i a t e d  t o  develop a tab le ted  4-aminopyridine b a i t  t h a t  
w i l l  no t  de te r io ra te  under mois t  f i e l d  condi t ions.  A v a r i e t y  o f  
p o t e n t i a l  coat ing  mater ia l  s, t a b l e t i n g  matr ices, and coat ing  proce- 
dures were examined and many resins, varnishes, waxes, and p l a s t i c s  
were evaluated. None o f  the  coat ings on ~ v i t r o l ~  t a b l e t s  proved 
acceptable. One matr ix ,  d i c a l c i  um phosphate d i  hydrate, remained 
i n t a c t  under severe mois t  cond i t ions  but, un for tunate ly ,  was not  
accepted by s ta r1  ings  i n  standardized labo ra to ry  bioassays. 
Add i t iona l  coat ings and matr ices w i l l  be tested. 

Test ing the  Commercial B a i t  vizonR on EPA Protocol 

The commercial b a i t  V i  zon (0.021% war fa r in )  was evaluated on w i  1 d 
Norway r a t s  (R. norvegicus) and r i c e f i e l d  r a t s  (R. - r. mindanensis) 
according t o   PA t e s t  protocol  OPP Designation: 1 .?03 - Standard 



Norway Rat Ant icoa u l a n t  Dry B a i t  Laboratory Test Method. Consump- 
t i o n  o f  Vizon + was i gh y = r i m e  by both r a t s p e c i e s  (Tab1 e 19).  - - 
Consumption i n  Norway r a t s  ranged from 1% t o  99% i n  males and from 
2% t o  61% i n  females; consumption i n  r i c e f i e l d  r a t s  ranged from 0% 
t o  81% i n  males and from 0% t o  56% i n  females. A l l  Norway r a t s  con- 
sumed Vizon, whereas s i x  o f  t he  r i c e f i e l d  r a t s  ( t h r e e  males, t h ree  
females) d i d  n o t  consume any o f  it. Vizon appeared t o  be a po ten t  
r o d e n t i c i d e  i f  consumed, b u t  f o r  both species i t  d i d  n o t  meet t he  
EPA t e s t  s t a g a r d s  o f  33% b a i t  acceptance and 90% m o r t a l i t y .  Under 
some f i e l d  cond i t ions ,  w i t h  a 1 i m i t e d  food supply, t he  r o d e n t i c i d a l  
p rope r t i es  o f  Vizon woul d probably be acceptable. 

Table 19. Avg % morta l  i t y  and % acceptance o f  Vizon by Norway r a t s  
and r i c e f i e l d  r a t s  on EPA t e s t  p ro toco l  OPP Designat ion 
1.203. 

Tota l  Acceptance 
Avg % morta l  i ty r a t e  morta l  i ty o f  Vizon 

Rat species Ma1 e Femal e r a t e  ( % )  ( % I  

Wild Norway 40 60 50 14 
R i c e f i e l d  50 60 5 5 10 

Grooming Behavior and Condit ioned B a i t  Aversion i n  Rats 

Evidence i n d i c a t e s  t h a t  behavioral  defenses such as neophobia, 
pr imary food aversion, and food avers ion l e a r n i n g  are p a r t i c u l a r l y  
w e l l  s u i t e d  f o r  p r o t e c t i n g  rodents dur ing  inges t ion ,  t he  most 
common means o f  del i v e r i  ng r o d e n t i c i  des t o  t h e  rodent.  However, 
these defenses appear 1 ess e f f e c t i v e  du r i ng  grooming, nes t  
bu i l d i ng ,  and gnawing. Grooming has been used i n  t he  con t ro l  o f  
vampire bats.  Use o f  t r a c k i n g  dusts and t r a c k i n g  powders may 
increase the  e f f i c i e n c y  o f  roden t i c i des  i n  some s i t ua t i ons .  Rodents 
tend t o  i n g e s t  these ma te r i a l  s du r i ng  grooming b e t t e r  than du r i ng  
d r i n k i n g  and feeding. Therefore, the  re1 a t i o n s h i p  o f  grooming 
behavior t o  the  animal ' s  defenses aga ins t  d i e t a r y  poisoning was 
eval uated. 

It appears t h a t  l abo ra to ry  Norway r a t s  (R. norvegicus) perceive the  
t a s t e  o f  a ma te r i a l  and gather  i n fo rma t i on  on i t s  concent ra t ion  and 
q u a l i t y  wh i l e  grooming i t  from the  fu r .  Rats a l s o  developed learned 
avers ions t o  a t a s t e  perceived w h i l e  grooming, and genera l ized i t  t o  
d r i  n k i  ng. S i m i  1 a r  resu l  t s  were o b t a i  ned w i  t h  1 aboratory s t r a i n s  o f  
mice (M. musculus). It a l s o  was found t h a t  p ine  vo les  (Mic ro tus  

i n e t o i m ) m h a d  groomed an avers ive  t a s t a n t  from t h e i r  own f u r  
b u t  no t  rom the  f u r  o f  a cage mate, had increased b lood l e v e l s  o f  \ 



co r t i cos te ro ids .  Because c o r t i c o s t e r o i d s  are be1 ieved t o  s t imu la te  
a s t rong ly  stereotyped form o f  grooming i n  rodents, grooming i n  the  
presence o f  an avers ive tas tan t  may have more uses i n  rodent con t ro l  
than prev ious ly  consi dered. For example, through grooming i t  might  
be possib le t o  in t roduce some o f  the  chemosteri lants, emetics, and 
acute rodent ic ides  t h a t  p rev i  ously have been judged imprac t ica l  
because o f  poor acceptance. 

Relat ionship o f  Stored Fats t o  D ie ts  o f  Selected Vertebrate Pests 

F a t t y  ac id  composition appears r e l a t e d  t o  the long-term d i e t s  o f  
ra ts .  This r e l a t i o n s h i p  suggests t h a t  i t  might be poss ib le  t o  use 
f a t t y  ac id  composition t o  i d e n t i f y  pests i n  c e r t a i n  types o f  a g r i -  
c u l t u r e  such as coconut and macadamia groves. I n  a pre l im inary  
study, labora tory  r a t s  (R. norvegicus) were fed var ious w/w d i e t s  o f  
corn and coconut o i l  f o r  5 weeks: 5% corn/O% coconut, 20% corn/O% 
coconut, 15% corn/5% -coconut; 10% corn/lO% coconut, 5% corn / l5% 
coconut, and 0% corn/20% coconut. The r a t s  were then s a c r i f i c e d  and 
adipose samples analyzed f o r  f r e e  f a t t y  a c i d  composition (expressed 
as percentages of t o t a l  f a t t y  ac ids) .  Overal l ,  o le i c -1  i n o l e i c  ac ids 
accounted f o r  over h a l f  o f  the f a t t y  ac ids present. Amounts o f  
l a u r i c ,  m y r i s t i c ,  and o le ic -1  i n o l e i c  ac ids i n  the  adipose were 
s t rong ly  associated w i t h  the amount o f  coconut o i l  i n  the  d i e t  
( r 2  = 0.83, 0.88, and 0.75, respec t i ve l y ) ,  i n d i c a t i n g  t h a t  these 
f a t t y  ac ids might  be good p red ic to rs  o f  coconut o i l  i n  the  r a t ' s  
d ie t .  

I n  a second pre l im inary  study, the o v e r a l l  composition o f  f a t t y  
ac ids  i n  the  adipose t i s s u e  o f  r a t s  which had been fed macadamia 
nuts  i n  the  labora tory  and r a t s  which had been c o l l e c t e d  i n  
macadamia groves was s i m i l a r .  Mongoose t h a t  had been fed r a t s  
c o l l e c t e d  from sugarcane f i e l d s  had a f a t t y  ac id  composition, 
d i f f e r e n t  from t h a t  o f  macadamia nuts. Mongoose t h a t  had been fed  
r a t s  c o l l e c t e d  i n  a macadamia grove had a f a t t y  ac id  composition 
intermediate between t h a t  o f  the  o ther  mongoose and t h a t  o f  
macadamia nuts. 

Taste Qua1 i t i e s  o f  ' ~ o d e n t i c i  des t o  Rattus norvegicus 

Using a condi t ioned avers ion paradigm, learned avers ion by labora-  
t o r y  Norway r a t s  (R. norvegicus) was assessed f o r  the rodent ic ides  
strychnine, t h i  osezcarbazide,  s c i l l  i r o s i  de, arsenic, and war fa r in  
t o  the  t a s t a n t s  sucrose, sodium ch lor ide ,  sucrose octaacetate, 
quin ine su l fa te ,  and hydrochlor ic  acid. The r a t s  were adapted t o  
water dep r i va t i on  and pa i red  consumption of small q u a n t i t i e s  of the  
f i v e  r o d e n t i c i  des i n  aqueous so lu t i ons  (experimental groups 
rece iv ing  tas tants ) ,  o r  water ( reference groups w i t h  L i C l )  was 
measured on 5 successive days. The order  i n  which the  tas tes  were 



presented was determined by L a t i n  Squares. D i f f e r e n t i a l  suppression 
o f  d r i nk ing  by the experimental animals r e l a t i v e  t o  the  reference 
animals was used as an i n d i c a t i o n  o f  s i m i l a r i t i e s  between the  
nontoxic tas tes  and the  tas tes  of the  rodent ic ides.  

The r e s u l t s  suggested t h a t  (1 ) s t rychnine was p r i n c i p a l l y  b i t t e r  
(i.e., condi t ioned aversions t o  the  t a s t e  of s t rychnine general ized 
t o  qui n i  ne sul f a t e  and sucrose octaacetate) ; (2  ) thiosemicarbazide 
was p r i n c i p a l  l y  b i t t e r  and sweet ( i  .e., aversions general i zed  t o  
quin ine s u l f a t e  and sucrose); and (3 )  s c i l l i r o s i d e  was sour and 
b i t t e r  ( i  .e., aversions general ized t o  hydroch lor ic  ac id  and qu in ine  
su l fa te ) .  The r e s u l t s  o f  the  general i z a t i o n  t e s t s  p a i r i n g  war fa r in  
and arsenic w i t h  L iC l  were l e s s  c l e a r  and requ i re  add i t i ona l  
studies. 

Sodium bicarbonate a1 so appears i n e f f e c t i v e  as an agent f o r  masking 
the  b i t t e r  t a s t e  of s t rychnine f o r  ra ts .  For example, four r a t s  
condi t ioned w i t h  st rychnine conta in ing sodium bicarbonate s t i l l  
avoided quin ine sul  fa te ,  r e l a t i v e  t o  reference ra ts ,  i n  subsequent 
d r ink ing  tes ts ;  f ou r  ra ts ,  a1 so condi t ioned w i t h  only strychnine, 
avoided quin ine sul fa te  conta in ing  sodium bicarbonate i n  subsequent 
d r ink ing  tes ts .  The method could be used f o r  assessing t a s t e  
q u a l i t i e s  o f  o ther  rodent ic ides  t o  o ther  rodents, and f o r  
o b j e c t i v e l y  assessing such b a i t  add i t i ves  as t a s t e  enhancers and 
masking agents. 

Acute Oral T o x i c i t y  and St ruc ture  Relat ionships o f  Monosubstituted 
Ani 1 i nes  and Pv r i  d i  nes i n  Animal s 

Structure a c t i v i t y  re la t i onsh ips  (SARI o f  chemicals have been used 
f o r  several years t o  devel op pharmaceutical agents, i ndus t r i  a1 
chemicals, and pest ic ides.  I n  a cooperat ive study w i t h  the Sect ion 
of B i r d  Damage Control ,  data have been obtained suggesting t h a t  SAR 
can be used as p red ic to rs  o f  t o x i c i t y  of some chemicals t o  mammals 
and b i rds .  The acute o r a l  t o x i c i t y  (LD50) of 63 monosubstituted 
a n i l  ines  and py r id ines  and t h e i r  three parent  chemical s (ani 1 ine, 
p y r i  d i  ne, and p y r i d i  ne-1 -oxide) was d e t e m i  ned f o r  a1 b i  no r a t s  (R. 
norve icus) ,  a1 b i  no mice (Mus muscul us), European qua i l  ( ~ o t u r n T x  & common s tar1  ing? (- vu l  a r i  s),  house sparrows 

domesticus), and r e d - w m  b&s (A. hoeniceus). %- ~ m n c y  values (R50) a1 so were determined f o r  r e  -winged 
b lackbi rds.  

Although general ized SAR pat te rns  ex i s ted  f o r  many o f  the  compounds, 
considerable species v a r i a t i o n  was present. Previous repor t s  o f  
SAR, based on chemical propert ies,  may apply only i n  i s o l a t e d  s i t ua -  
t i o n s  and f o r  s p e c i f i c  species. The data are s t i l l  undergoing 
ana lys i  s and i n t e r p r e t a t i o n .  



Developing Ana ly t i ca l  Methods 

The increas ing use of methiocarb as a crop p r o t e c t i o n  chemical has 
necessi tated f u r t h e r  s tud ies  t o  develop a r e l i a b l e  a n a l y t i c a l  method 
f o r  determini  ng 1 ow residue 1 eve1 s o f  the chemical. The most sensi - 
t i v e  methods commonly used employ gas chromatography. Current ly ,  
t he re  are two procedures ava i l ab le  f o r  measuring methiocarb by gas 
chromatography. One invo lves  d e r i v a t i z a t i o n  o f  methiocarb and i t s  
su l  f ox ide  and sul  fone metabol i tes, w i t h  a s i l y l  a t i n g  reagent, 
b i s (  t r ime thy l  s i l y l  trifl uoroacetamide (BSTFA) and q u a n t i f i c a t i o n  
w i t h  a flame photometr ic detector.  I n  the  second procedure, methio- 
carb and each o f  the  carbamate and phenol ic metabo l i tes  are 
acety la ted w i t h  tri f l  uoroacet ic  anhydride (TFAA) and q u a n t i f i e d  
w i t h  an e l e c t r o n  capture detector .  Evaluat ions o f  the  two proce- 
dures i nd i ca ted  t h a t  the  BSTFA procedure was more r e l i a b l e .  Several 
problems were encountered i n  the  TFAA procedure, i ncl  ud i  ng i ncon- 
s i  s t e n t  y i e l d s  of the  de r i  va t ized products ( p a r t i c u l a r l y  o f  the  
sul f ox ide  and sul fone de r i va t i ves ) ,  and 1 arge background i n t e r -  
ferences i n  the  gas chromatographic ana lys i  s. Add i t iona l  devel op- 
mental work i s  needed before the  TFAA procedure can be used 
s a t i  sfac t o r i  l y  fo r  r o u t i n e  analyses. 

Analyzing Methiocarb, Zinc Phosphide, and Compound 1080 Residues 

Methiocarb analyses were conducted on wheat samples i n  support o f  
crop p ro tec t i on  s tud ies  i n  Tanzania. The BSTFA gas chromatographic 
method was used. Ripening heads were c o l l e c t e d  a t  several d i f f e r e n t  
t ime i n t e r v a l s  from t ime of a p p l i c a t i o n  and were analyzed f o r  
methiocarb and i t s  sul f ox ide  and sul fone metabol i tes. Methiocarb 
res idues were <1 ppm i n  seeds c o l l e c t e d  25 days a f t e r  app l ica-  
t i on .  Su l fox ide  and s ~ ~ l f o n e  residue l e v e l s  were 3 and <1  ppm, 
respect ive ly .  Higher res idue l e v e l s  were found i n  the  glumes. 
Concentrations o f  methiocarb, the  sul f ox ide  and sul fone metabol i tes 
were 10, 50, and 5 ppm, respect ive ly ,  i n  the  25-day samples. 

Zinc phosphide b a i t  samples were analyzed t o  support rodent con t ro l  
s tud ies  i n  Bangladesh. The b a i t  samples, formulated a t  2% a c t i v e  
i ng red ien t  a .  a t  the  Pocate l lo  Supply Depot, Idaho, were 
assayed t o  determine s t a b i l i t y  under storage. One b a i t  sample 
contained 1.7% (+ - 0.1) a.i. and the  o ther  1.5% (+ - 0.07) a.i. 

A sens i t i ve  a n a l y t i c a l  method was developed f o r  Compound 1080, an 
extremely t o x i c  chemical, sometimes used as a rodent ic ide.  The 
e lec t ron  capture gas chromatographic method i s capable o f  
determining 0.1 ppm of 1080 i n  1 g of animal t issue.  Average 
recover ies  o f  90% were obtained from t i s s u e  samples f o r t i f i e d  w i t h  
0.1-100 ppm 1080. 



Analyzing Zi nc Phosphide Resi dues i n  Rats 

Although z inc  phosphide i s  the  most widely used acute rodent ic ide ,  
there  i s  a  pauc i ty  o f  in fo rmat ion  about i t s  metabolism and 
d i s t r i b u t i o n  i n  t i ssues  o f  animals poisoned by it. Residues from 
the ana lys is  f o r  the gas phosphine i n  t i ssues o f  r a t s  poisoned w i t h  
an acute 100 .mg/kg dose o f  z inc  phosphide are  presented i n  Table 20. 

-The h igh concentrat ions o f  z inc phosphide i n  the stomach and 
i n t e s t i n e s  were expected, b u t  i t s  absence i n  the blood and o ther  
t i ssues was not. I n  the  i n t e s t i n a l  t r a c t ,  phosphine i s  produced 
from z inc  phosphide and probably i s  t ransported by the  blood. 
However, phosphi ne may be b ind ing t o  p ro te ins  i n  the  blood and o the r  
t i ssues so t h a t  i t  i s  no t  ex t rac ted by present a n a l y t i c a l  methods. 

Table 20. Residues o f  phosphine gas from z inc  phosphide 
i n  t i ssues o f  ra t s .  

T i  ssue No. r a t s  
Residue ( ppm) 

and rauge - 

B1 ood 
Kidney 
L i v e r  
Lung 
Bra in  
Stomach 
Small i n t e s t i n e  
Large i n t e s t i n e  

Not detected 
I1 I1  

Designing and Producing W i l d l i f e  Tracking Transmit ters 

'There i s  a  need t o  develop w i l d l i f e  t ransmi t te rs  which weigh 
approximately 1  g  f o r  small b i r d s  and rodents. However, the two 
l a r g e  components o f  every t ransmi t te r ,  the  b a t t e r y  and quartz 
frequency c r y s t a l ,  genera l ly  exceed t h i s  1  -g design goal. The s t a t e  
o f  the  a r t  i n  b a t t e r y  technology suggests t h a t  there  i s  l i t t l e  
chance o f  f i n d i n g  an improved l i g h t w e i g h t  ba t te ry .  A company was 
found t h a t  was w i l l i n g  t o  try t o  develop a  smal ler  quartz  c r y s t a l  
t o  DWRC spec i f i ca t i ons ,  and a  successful prototype c r y s t a l ,  which 
measured 3  mm i n  diam x  8 mm l ong  and weighed 0.330 g, was 
constructed. A smaller c r y s t a l ,  3  x  6 mn and 0.147 g, a lso  was 
devel oped, bu t  w i t h  marginal e l e c t r i c a l  cha rac te r i s t i cs .  These are  
the  smal lest  c r y s t a l s  ever used i n  the  const ruc t ion  o f  w i l d l i f e  
t ransmi t te rs .  Add i t iona l  e l e c t r o n i c s  design w i l l  be conducted i n  
t h i s  area next  year. 
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