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Executive Summary 

PRE/POSTHARVEST RODENT/BIRD CONTROL R&D 
Project Evaluation 

Page i 

The evaluation team recognizes the substantial contribution that Denver 
Wildlife Research Center (DWRC) of the U.S. Fish and Wildlife Service (USFWS) 
has made to the Foreign- Aid program s1n~e 1967. Under Participating Agency 
Service Agreements DWRC has supported developmental research to reduce 
vertebrate pest damage in agriculture in developing countries. XOese 
agreements, with worldwide application, included xesearch on a ve~1ety of 
methods, materials, and control strategies pursued both in Denver and in 
various LDC ~!~d programs to reduce crop damage caused by vertebrate pests 
thIough safe, effective and economical methods appropriate for small LDC 
farmers. The vertebrate pest management systems were also acceptable in the 
broader context of agricultuxal development and environmental protection. 

Annual economic losses to vertebrate pests are estimated in the millions. In 
the Philippines, rice losses from rats were estimated at about $60 lIli11ion. 
By using an improved baiting method, a $14.0 million loss reduction was 
realized. In Colombia, by treating 1 million palm trees w:I.th anticoagulant 
rodenticides to reduce rodent damage to coconuts, a $1.0 million annual 
savings was realized. In Sudan and East Africa, substantial reductions from 
bird damage were realized by using a chemical repellent for protection of 
experimental crops. Since 1983 when this project was initiated, close to $600 
million in food losses were prevented by using methods developed by DWRC 
scientists. This compares to th~ total cost of this project of only $1.6 
million. 

Under training, thousands of individuals, including farmers, extension agents, 
technicians, bio1vgists, veterinarians, administrators, and others concerned 
with agricultural production have received both informal and formal training 
in many aspects of vertebrate pest management. More than 40 graduate students 
have received advar.ced d~grees because of the Center's international 
vertebrate pest control activities. Their thesis research has been guided by 
DWRC scie~tists primarily without costs to the Agency. Others have received 
extensive on-the-job training at DWRC and in their home countries. 
Approximately 1,000 participants attended training seminars in Bangladesh 
which were conducted by DWRC professionals. 

DWRC is the center of a large network of scientists involved in 'Tertebrate 
pest management. This activity brings specialists of diverse backgrounds and 
nationalities into frequent contact with each other. During these contacts 
the latest break throughs in technologies are exchanged. 

Additional data are contained in the Overview Report which is attached as 
Appendix I. A typical research report which was developed by DWRC on 
"Reduction of Vertebrate Pest Crop Losses in Haiti" is attached as Appendix 
II. A listing of the travel undertaken during 1983 and the purpose of the 
visits is attached as Appendix III; travel during 1984 is attached as Appendix 
IV. Listings of requests for techDJ_~ assistance received in 1983 and 1984 
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by type are attached as Appendix V and;Appendix VI. The latter category is 
only partially funded by S&T/AGR. Appendix VII lists the equipment and 

. facilities and estimated replacement costs of each which is available for AID 
projects. Appendix·VIII lists Research PUblications of the International 
Programs Section. 

Recommendations of the Evaluation Tea~: 

1. Establish a "Ribbon" participating Agency Service Agreement (PASA) with 
the Denver Wildlife Research Center, U.S. Fish and Wildlife Service, 
Department of the Interior with emphasis on research ana networking to 
continue the activities funded under the previous agreements . .. 

2. Expand activities in Africa where drought and famine have taken 
tremendous toll. The quelea bird is the most destructive vertebrate pest 
in the world. Quelea affect the economies of more than 25 African 
nations. '!he quelea is implicated in the most notorious damage to 
cereals (wheat, rice, millet, and grain sorghum). In SOuth Africa alone, 
quelea causes a $1.5 million loss in grain sorghum. In SOmalia, quelea 
causes a $150/acre loss to rice and at harvest time, the natives spend 
the day-light hours chasing the birds out of the fields. (A first-hand 
report from a member of the evaluation team). 

3. USFWS/DWRC should expand its distribution of significant research results 
to increase the awareness of the important breakthroughs to reduce the 
damage caused by vertebrate pests. The publications should be in an 
easily identifiable format, with the name and address af the contact 
person. 

4. With the Agency's concern regarding the environmental impact of the 
projects and programs, DWRC should make a determination regarding the 
impact a vertebrate pest eradication campaign might have on the 
environment. ' 

5. DWRC should investigate the possibility of collaboration pnder the 
following projects with the contractors and agencies wbich have 
agreements with Office of Agriculture and the Office of RUral and 
Institutional Development: 

a. Office of Agricult~re 

Collaborative Research Support programs - to reduce crop losses 
from vertebrate pests during pre and postharvest time. 

Sorghum/Mi~let - university of Nebraska 
Beans and CQwpeas - Michigan State Uni~sity 
Small Ruminants - university of california at Davis 
Peanuts - University of Georgia 

Storage and processing of Fruits and Vegetables -
Unj,versity of Idaho to reduce losses of fruits and vegetables 



Agricultural Policy Analysis - Abt Associates 
to identify policies and :nnstraints affecting use of 
pesticides to reduce verteb~ate pest losses 

Farming Systems Support - university of Florida 
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to identify areas in farming systems research and extension 
where vertebrate pest management systems can be promoted. 

International Agricultural Research Centers 

IRRI - to continue the work to prevent rice losses 
from rats and birds. 

ClMMYT - to preven~ losses from vertebrate pests in corn, 
wheat, barley and triticale. 

IITA to identify areas in agriculture and croppif~'J 
systems where vertebrate pest managenent syst~~~ 
can be utilized to preyent losses. 

CIAT tc pr.event losses from vertebrate pests in 
beans, forage, cassava, rice and maize. 

CIP to prevent losses from vertebrate pests in 
I,Xltatoes. 

ICRISAT- to prevent losses from vertebrate pests in 
sorghum, pearl millet, pigeon peas, chickpeas, 
groundnuts and to identify areas where 
vertebrate pest management control systems can 
be introduced in farming systems practices. 

IFPRI - TO identify national policies which cculd 
promote vertebrate pest management control 
systems in the LDCs to re~~ losses. 

ISRAR - TO identify areas within national research 
programs to introduce vertebcate pest manayement 
control systems to reduce crop losses and 
promote national food security. 

AVRDC - To reduce losses of tomatoes, sweet potatoes, 
Chinese cabbage, soybeans and mungbeans. 

Soybean Utilization and Research - University of Illinois 
to reduce losses of soybeans. 

Integrated Pest Management and Environmental Protection - new 
project - to identify areas which can be co1laboratively 

developed to reduce losses from vertebrate and other pests. 
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Improved Seed Production and Utilization - Mississippi state 
University - to identify varieties of grains resistant to bird 
damage which could be adapted to other environments. 

Postharvest Grain Systems R&D - Kansas State university 
- to .develop collaborative programs to reduce grain losses from 

vertebrate and other pests. 

Technology Development Transfer and Feedback Systems in 
Agriculture - university of Illinois 
- to use the technology development, transfer and feedback 

system to disseminate information on vertebrate pest 
management systems to the farmers. . 

Office of Rural and Institutional Development 

Other programs 

Employment and Enterprise Policy Analysis and Research -
Harvard Institute of Int';rnational D:velopment 
- to identify and foster policies that will promote vertebrate 

pest management systems in the LDCs. 

Small Enterprise Approaches to Employment -
Michigan State university - to identify and promote small and 

micro-entrepreneurs who are capable of handling a small 
business to manufacture and distribute pestiCides needed to 
implement a vertebrate pest control program. 

A.T. International - Appropriate Technology International 
- to identify areas where ATI can promote the development of 

vertebrate pest control programs in the LDCs. 

In addition to the above projects and programs, the evaluation team recommends 
that DWRC.investigate with Montana State University the possibility of 
developing a methodology for controlling rodents and birds through 
biotechnological innovations. 

WAN3: 2911A 
9/5/85:WPUtman/MMozynski 
Revised: 9/17/85 



pre/Postharvest Rod~nt/Bird COntrol R&D 

Project Evaluation 

The evaluation team has received the background l.'ater ial provi.ded by the 
Denver Wildlife Research Center scientists and the Office of Agriculture, 
Agricultural Production Division project manager. The concl~ons and 
recommendations of the evaluation team are listed below. 

I. Goal, Purpose, D.l tPllts and Assumpt ions 

A. Goal 

1. Are there serious shortcomings in the project ~l statement? 

The goal statement in the logical framework andi as stated below 
is too broad and a quantum step would be requ~ to reach the 
goal by means of the purpose and outputs. 

CUrrent Goal Statement -To improve the standard of living in\ agricultural 
areas of participating countries by i:ncreasing 
income, employment, agricultural prodluctivity, and 
food available through the developmen\t and sharing of 
vertebrate pest control technology-. 

In DWRC's 1983 annual report, the objective of the project is ~given as 

-To increa£e the available human food supply in deveiloping countries 
by reducing lo'sses tc vertebrate pests in both prehaJrvest and 
postharvest situations.-

The evaluation team finds that the DWRC objective stated above~ is the goal of 
the project and can be achieved through the purpose and outpU~s defined in the 
logical framework. 

2. -Are the assumptions for obtaining the goal stil~l valid and are 
they being adequately addressed? 

The assumptions as defined in the logframe are valid to achi~ the goal as 
restated above and which,DWRC described as the objectives of t±he project. 

B. Purpose 

1. Are there serious short comings in the project ~urpose statement, 

There are no serious short comings in the pro,~t purpose and 
the conditions expected at the end of the proj~t are being 
achieved. 

2. Are the assumptions for obtaining the purpose sttill valid? 

These assumptions are still valid 

3. End of project status. 

( 
\J 
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It is expected that by December 31, 1985 when this project terrnir~tes, the 
following will have been achieved: 

Knowledge of crop loss incidence and distribution and damage assessment 
methodology improvements. 
Increased awareness among crop protection scientists of the significance 
of vertebrate pest problems, monitored annually. 
On-going evaluations of appropriate control techniques and programs and 
presentation of recommendation packages adapted to local conditions. 
Program results and recommendations published and a"ailable to all 
sectors. 
Trained persons assuming domestic roles in vertebrate pest control. 
Use of research results in host countries. 
Increased demand for the sharing of~infonnation. 

The expanded awareness of vertebrate pest problems and their solution will 
increase the demand for services by the DWRC staff. other teams of experts 

. who have evaluated the predecessor projects strongly ~ecammended continuing 
the research, training, technology transfer and networking activities. 
Assistance such as DWRC provides will be useful as long as the LDCs continue 
to have significant vertebrate pest control problems that they cannot solve by 
themselves. 

C. OUtputs 

1. Are there serious short comings in the project output statement? 

The outputs are appropriately stated and are being achieved: 

DWRC scientists supported ~ctivities of field stations and cooperated with 
other organizations in research and training of mutual interest. Three field 
programs involving resident U.S. biologists were continued during 1983. These 
programs were located in Haiti, the Philippines and Bangladesh. The broad 
goals of these programs are to increase food and to reduce the risk of severe 
agricultural losses caused by vertebrate pests in developing countries. The 
specific objectives are to: 

Establish the technical capabilities and support within governments and 
the agricultural sector to conduct programs in vertebrate pest research 
and management. 

Develop new and adapt existing, practical, low-cost methods and 
technology to evaluate and reduce preharvest and postharvest crop losses 
to vertebrate pests of significant regional importance under local 
conditions. 

Provide on-site training in research and nanagement methods to reduce 
losses by vertebrate pests. 
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Provide training at DWRC and appropriate universities to perfect 
capabilities of counterparts to conduct programs in vertebrate pest 
management. 

Africa 

DWRC ~orked with FAO's Regional East Africa and west ~rica Quelea projects on 
fluorescent marking techniques, residue analyses for crop protection trials, 
assistance in graduate research programs, and provided assistance in 
organizing and participating in a training workshop RVertebrate Pests of west 
African crOpsR held in Niamey, Niger, together with the Organization for 
African Unity (OAU) and USAID. DWRC also worked with FAO in defining the 
status of rodent pests and control in five EaSt African countries. In Kenya, 
!MRC worked with the Mission in defining, evaluating and recorrmending control 
methods to reduce rodent damage to stored grains in western Kenya •• 

Latin America 

DWRC completely documented the vertebrate pest problem in Haiti. crop 
production statistics were gathered and losses to vertebrate pests were 
described from questionnaire surveys or quantified from actual field 
assessments. Studies evaluating 'wrapping material, nets, and chemical 
repellents were initiated to protect crops from birds. Sustained baiting with 
warfarin (a method developed in the Philippines) was used to protect rice from 
rodents. Training and hands-on experience were provided to vertebrate Pest 
Laboratory personnel. 

Asia 

The DWRC project leader and scientists of the National crop Protection Cent~r 
(NCPC) in the Philippines continued to research new and improved methods for 
reducing rodent damage to rice and coconut and evaluate chemical repellents 
for .reducing bird damage to ripening sorghum. SCientists and experts 
supervised training of several graduate students in vertebrate pest management 
research.and participated in additional workshops and extension programs. 
The scientists under this project and its predecessors were instrumental in 
establishing an effective national pest control center for research and 
extension in association with the University of the Philippines at Los Banos. 

The two Bangladeshi graduate students, who received their M.S. degrees at the 
University of the Philippines at Los Banos in vertebrate Pest Management, 
returned to the vertebrate Pest Research Laboratory (VPRL) in 1982 and became 
inunedia~ely involved in an active research program. Studies were initiated 
to: 1) quantify wheat yield at harvest following simulated bird damage to the 
wheat at the time of sprouting; 2) determine the sensitivities of several 
bird species to chemical repellents and the toxicities of rodenticides to 
corrtOOn rodent pests; 3) control damage by rodents in deet=fw'lClter rice; and 4) 
determine the agricultural and economic Unportance of jackals. In addition, a 
National Rat Control campaign in major wheat-growing areas was conducted in 
cooperation with the Bangladesh-German (GTZ) Plant Protection Programme. 
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National and International Organizatio~s 

NCPC/IMRC has cooperated with FAO, IRRI, World Bank and others in offering 
appropriate vertebrate pest training at Los Banos for LDC trainees funded by 
these donors. VPRL cooperated with the Directorate of Agricultural Extension 
Services and the Bangladesh-German plant Protection Programme in planning, 
implementing, and funding the National Rat Control campaign in Wheat in 
Bangladesh. 

Technical advice, traps and rodenticide baits '~ere provided to British 
OVerseas Develo:pnent Agency, Bangladesh Rice RI~search Institute (BRRI) to 
protect experimental deepwater rice plots and to the Diabetes Hospital, Dhaka, 
in an attempt to control rats that were damaging electrical cables on x-ray 
equipnent. . 

Studies of rodent pop.llations in Bangali farmers I houses continued as part of 
a cooperative effort with FAO/BRRI project on postharvest storage losses of 
paddy at the farm and village level. 

During a visit at the Seventh nay Adventist Seminary School at MOnosapara, 
Netrakona District, Bangladesh, DWRC scientists provided technical advice, 
traps and rodenticides to the school to control porcupine damage in the 
pineapple gardens. 

Training 
• • 

~ffiC has been providing training opportunities for LDC participants from the 
LDCs. There follows an illustrative listing of the types of training: 

Bangladesh -

Mrs. Parvin Sultana began graduate degree studies at COlorado State 
University, Fort COllins, Colorado in March 1983. She will research 
pest bird problems and crop protection methods for her expected 
degree in Vertebrate Pest Management by September 1985. 

Dr. Abdul Karim completed his Ph.D. degree at BaNl,ing Green State 
University (EGSU), Bowling Green, Ohio in AUgust 1983 and returned 
to the VPRL in September 1983. 

TWo new scientific officers, Mr. Rajat Kumar Pandit and Mr. 
Shahabuddin Ahmad, both graduates of Bangladesh Agricultural 
University (BAU), were appointed to the VPRL in 5epterrber 1983. 
Rajat is now enrolled in a M.S. Program at BAU. 

~dul Haque enrolled in a Ph.D. program in Zoology at Dhaka 
University and will study Nesokia indica, a rodent pest. 
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Rodent control training was provided to about 80 Plant Protection 
Inspectors, Plant Protection Assistants, and Extension Officers in 
connection with the National Rat Control campaign in Wheat. About 
1,000 other participants received slide/narrative seminar training 
in agricultural rodent control during 1984. 

Under the awareness program in Bangladesh, Radio Broadcasts by project 
scientists included the following: 

Rat problems and control in deepwater rice 
Rat problems and control in stored grains 
Pest bird problems and control in maize 
Rat problems in stored food and their control 
Vertebrate pest problems in field crops and their control 

In addition, the Bengali scientists with degrees in entomology provided 
the following information for the radio broadcasts: 

Insect problems and cc" '. 1 in coconut 
Insect prohlems and C{ •. _"" in pomegranate 

Philippines 

The popular, 10-month diploma course for crop protection specialists 
was continued at UPLB. '!his course has graduated 59 students, 
including tHree from other Southeast ASian countr.ies, from 1980 to 
1983. Four other- a~ricultural disciplines have also been offered in 
"the same la-month diploma format to about 100 other students. '!his 
concept, devised by N:PC, ·has fulfilled a need for practical 
instruction beyond the 4-year curriculum for agricultural workers. 

A variety of other informal and formal training also took place 
under the proj~ct. A Burmese agronomist completed a l-year study 
tour at IRRI, working with DWRC scientists on rodent problems in 
rice. one Filipino graduate student completed a nondegree 

. vertebrate pest program at Michigan State and returned to the 
Philippines to work in crop protection. Three other Filipinos 
received doctoral degrees in vertebrate pest management at Bowling 
Green State University and North carolina State University. Anothe~ 
graduate student at BGSU will complete his Ph.D. soon. 

A training package for rodent control in coconut groves was 
developed, field-tested, and made available to national extension 
officers. A three-year training program is scheduled to begin in 
1985. A one-week training course was offered to NCPC staff to 
improve office procedures and administrative support techniques. 

Assistance was provided to Ms. Paciencia Milan, a doctoral student 
studying rodents in Philippine coconut. She completed requirements 
at Bowling Green State University and has returned to Visayas State 

. College of Agriculture. 
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Project scientists assisted the Philippine Council for Agriculture 
and Resources Research and Development by contributing to a series 
·Philippine Recommendations for Rodent Control· to be released in 
1985. A rodent biology textbook being produced by NCPC was 
completed, published and released by the UPLB in 1985. 

Project scientists assisted the IRRI in preparation of an 
illustrated guide for Integrated Pest Management (IPM) in tropical 
rice which included rodents. In addition, they gave lectures and 
field demonstrations on other VPM problems during a rice IPM 
workshop. 

Africa 

DWRC helped organize and participated in a USAID Regional Food crop 
Protection Project and OAU Interafrican Phytosanitary 
Council-sponsored training conference, entitled 'Vertebrate Pests of 
west African crO!"ls' in Niamey, Niger. 'ttle goal of the conference 
was to bring the latest research results to individuals of each 
country in the best position to implement pest management. 
Participants included representatives from sahelian countries, 
including crop protection services of Mauritania, senegal, Gambia, 
cape Verde, Guinea-Bissau, Mali, Upper Volta, Niger, cameroon and 
Clad. Speakers conducted workshops on the subjects of bird and 
rodent pests of the sahel, damage assessment techniques, control 
methods and strategies at the national and regional level, lethal 
and nonlethal crop prote~tion, rodent control for small-farm 
agriculture and in storage, determining movement patterns, 
envirorunental concerns, and training and research needs. 'lhe 
proceedings from the workshop are to be published in French and 
English. 

Latin America 

Agronomists in Haiti participated in a Rice Seminar at the M~uge 
EXperimental Station in the Artibonite Valley. PrOject personnel 
presented the vertebrate pest management portions of the seminar. 

DWRC Training Activities 

Because of growing recognition of the importance of vertebrate pests 
to food production and storage in most countries of the world, there 
is an increasing need for specialists to define, research, and 
manage these problem species. Recognizing the need for graduate 
training in the newly emerging field of Vertebrate Pest Management, 
the Department of Fishery and Wildlife Biology, Colorado State 
University, has developed a cooperative arrangement with the U.S. 



- 7 -

Fish and Wildlife Service's Denver Wildlife Research center for 
individuals seeking advanced education in Vertebrate Pest Management 
and fields related to the control of animal damage. A special 
effort has been made to address the individual needs of 
international participants in managing vertebrate pest proLlems in 
their home countries. This effort supplements programs presently 
existing in other universities. 

The academic program consists of courses such as: 

Principles of wildlife Management 
Wildlife Management Techniques 
Vertebrate Pest ~anagement 
Wildlife Ecology 
Statistics 
Wildlife Biology Seminar 
Independent Study in vertebrate Pest Management 
Marrrnal.ogy 
Ornithology 
Animal Behavior 
Economics of Natural Resources. 

DUring the four years this program has existed, 37 students, 
including individuals from Malawi, Sudan, Nigeria, Venezuela, 
COlumbia, Nicaragua, Guatemala, Bangladesh and Ethiopia have . 
enrolled. 

Project scientists worked with faculty at BoWling Green state 
University, the University of california at Davis, and 
University of Wyoming to provide international vertebrate pest 
control training for students of these universities. 

vertebrate Pest Seminars: 

Seminars on vertebrate pest problems and control, illustrated with color 
slides and narrative were given at BARI, Bangladesh and subregional 
Agricultural Research Stations, to persormel of the 'Ihana Training and 
Development center, and to students and training staff at Agricultural 
Extension Training Institutes. Approximately 1,000 participants attended 
these seminar s • 

Other DWRC Activities 

DW.RC staff traveled in Asia, the caribbean, Latin Arrerica, Africa, and Europe 
in conjunction with ongoing field research activities and at the request of 
FAD and foreign governments through USAID missions or S&T/~, to assess 
vertebrate pest problems, review, evaluate, and coordinate present and future 
research programs and to present serr.j,nars. 'Ihis travel for 1983/4 involved 
614 person-days in 25 countries. The dates, persons involved, countries 
visited and the purpose of each trip are outlined briefly in Appendices III 
and VI. 
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II. Issues to be addressed 

A. Was che quality and quantity of the project output adequate for the 
separate tasks? 

'!be evaluation team has reviewed m~c repnts and determined that 
each individual task order was given adequate attention to 
successfully complete the scope of work. 

B. What kinds of applied research activities were carried out to 
resolve rodent and bird problems in LDCs? Describe and characterize 
these activities. 

1. Profiling, Mimicking, and Masking the Flavor of a SelectE:d 
Rodenticide 

Results of the research sha...red that ra,ts are capable of 
recognizing the flavor components of strychnine. Moreover, 
when these components are mixed in proportion to the degree of 
generalized aversion, a mimic of strychnine is obtained. 
Although these results are from laboratory tests, we believe 
that the methods can be effectively applied in the field to 
improve baiting efficacy • 

. 2. Rodenticide-treated Nest I~aterial to .Control Bandicota 
bengalensis 

• This is a rodenticide delivery method of placing poison-treated 
nest material near the burrows for pickup and caching by rats 
which could prove advantageous even dur ing the dry season when 
bait acceptance is poor due to grain hoarding in burrows or 
bait shyness. 

3. Determining Trimethacarb Residues in Sorghum and Rice 

'!be research indicated that the amount of ch*cal on the seed 
at harvest was far less than the arrount shown to inhibit 
germination; therefore, sprayed seeds could be used as seed 
stock without reduced germination. 

4. EValuating,Experimental Rodenticide in .Wild Rats 

This was a study of an acute oral, single-dose chemical which 
produces delayed mortality in the rodents exposed. 

5. Ose of Bird Scaring Reflection Tape 

A reflection tape strung over the top of maturing grain crops 
susceptible to bird damage was tested in several countries and 
crops and found successful in repelling birds and reducing 
damage significantly. 
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6. Laboratory Trials Testing candidate repellent chemicals on Pest 
Birds in the Philippines 

TWO bird repellents were tested for toxicity (LDSO) and 
repellency (RSO) on Philippine pest birds. The laboratory 
results indicated that both methiocarb and trimethacarb warrant 
preliminary field testing. 

7 Estimating Rodent Populations and Damage to Stored Grains 

A closed colony of house mice in a wheat storage area was 
studied to develop methods to estimate roden~ numbers and 
damage to wheat. Water intake and photocell breaks were tested 
as rodent population estimators. House mice consumed about 20 
percent of their body weight per day. 

c. Describe the 'kinds of training provided. 

This is covered in paragraph I.C.l., page 4-7 above. 

D. What kind of assistance has been given to public and private 
institutions in LDCs? 

Assistance was focused primarily through country and regional public 
institutions and consisted of direct participation in research 
studies, discussions, reviews and revisions of research and training 
plans; coauthorship and editing of research papers and training 
manuals; ~1d provision of resource materials and/or speakers for 
local or regional training. Indirectly, much of this activity does 
assist private institutions and corporations acting in these 
countries, by creating informed users and improved markets for 
vertebrate pest control materials and by faciliatating hazard 
analysiS for local registration of such materials, facilitating 
their availability for use by farmers. The private sector in 
Bangladesh was included in the national rodent control in wheat 
campaign by using five local manufacturers to formulate bait 
materials. 

E. Describe a sample of an in-oountry program carried out under this 
PABA. 

The Philippine Vertebrate Pest Management project based at the 
National crop Protection Center (NCPC) in Los Banos was completed 
under this PABA. It consists primarily of field and laboratory 
activities aimed toward reducing rodent damage to rice, coconut, and 
corn, and defining the scope and magnitude of agricultural losses 
caused by birds. COoperative studies with NCPC staff provided both 
new data and increased staff capability for continuing such research 
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after project completion. Work with graduate students and trainees 
from the Philippines and other Asian countries, condu~ed in 
conjunction with the crop protection graduate program at the 
University of the Philippines, provided a means to obtAain 
substantial data to advance project objectives and pra~ide 
professional training for students and trainees. The }project 
biologist stationed in the Philippines interacted fr~uently with 
DW~C-based staff to coordinate adjunct research and ~a analysis 
related to Philippine and Southeast Asian problems a~ to establish 
direct, ongoing working relationships among host coun~y staff, 
regional trainees, and Denver-based researchers. Sciesntific and 
technical publications in national and international ~urnals were 
coauthored with host-country staff to provide identity for local 
personnel and host-country institutions as well as to nnake project 
findings widely available. 

F. Do reports from the project cover the various activitites in 
sufficient detail? 

The review team found that the annual reports, trip r~rts, 
publications, technical reports and training manuals plrovided the 
Agency with sufficient information to make an informed decision on 
the future direction of this project. 

G. Are the financial resources under the project justifieta in terms of 
actual accomplishments and outputs? 

The financial resources are more than justified in te~ of 
accomplishments and outputs. Since January 1983, AIQ(,~S&T has 
invested only $1,625,000 for research, training, tec~cal 
assistance and networking at DWRC. In Bangladesh al~ the savings 
through the use of ready-made zinc phosphide bait in sttanding wheat 
in 11 primary districts in one season (1983/84) amount~d to 5,414 
tons or $736,304. Since 1976, when improved technique!S were 
introduced in the Philippines for concrolliug rat ~e in the rice 
fields, an annual savings of $14.0 million has beep realized. 

H. Ratio of FY 1984 PASA person-days to project expenditUIres by project 
component. 

project component Percent Person-Days EXpenditures 

Research 35 764 ;$192,150 
Technology Transfer 35 764 192,150 
Problem Solving Assistance 10 218 54,900 
Training 10 218 54,900 
Networking ~1~0~ ______ -=~2~1~8~ __________ r.-5~4r'~0~00 

Total 100 2,182 .$549,000 
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I. Ratio of number of trainees/training to expenditures. 

Number of Trainees receiving training at DWRC or in association with 
DWRC during FY 1984-85 is 32. 

Estimated Training Expenditures 

16 Individuals 
16 Individuals 

Total 

III. DWRC capabilities 

A. Staff 

FY 1984 (10%) 
FY 1985 (10%) 

= $54,900 
= $48,300 

$103,200 

Average $3,431. 
Average 3,019 

Average $3,225 

1. How do the nurrbers, job classifications, and duties of th~ DWRC 
staff compare to the needs of the LDCs? 

'!he nuni:>ers, job classifications, and dutip:3 of the staff 
assigned to the project in the International Programs section 
were adequate to achieve the project goal and purpose. 'Ihere 
were four scientists, one technician and two administrative 
persons in this section, all of whom were partially funded by 
this project. In addition, 25 scientists and 12 support staff 
from other sections of the DWRC were called upon to· provide 
assistance, as required, usually without charge to the 
project. Several of the DWRC professional staff are fluent in 
French and Spanish. Because of the limited staff under this 
project, activities in the categories listed (research, 
technology ~ransfer, training, and networking) were implemented 
by all project staff, COrranents below summarize overall 
professional capabilities within the International Programs 
group at DWRC. 

a. Research: Approximately 75 percent of staff are 
scientists or have primary expertise as research 
scientists or research technicians. Of this group, about 
50 percent have primary orientation toward field research 
and 50 percent toward laboratory research. Many studies 
require a multidisciplinary approach; the scientific 
component was adequate to allow for high-quality, 
multidisciplinary effort. 

b. Technology Transfer: Technology transfer was implemented 
in conjunction with field research and through cooperative 
publications of research findings with host-country 
scientists. Preparation of training manuals or inputs 
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into locally prepared training materials were also 
utilized. Numerous requests for information from LDCs, 
AID Missions, and international organizations were 
responded to by project scientists. The DWRC library 
provided an important secondary means of information 
transfer and contacts with LDC scientists and 
institutions. The library sent 1025 reprints/photo copies 
of technical papers in response to requests in the first 
seven months of 1985. The library activities were not 
charged to the project. 

c. Training: Training was conducted by three principal 
methods: 1) participation by scientists· in formal or 
informal graduate training programs, 2) local workshops or 
on-the-job training in conjunction with field research 
efforts in LDCs, and 3) organized, but informal training 
programs for LDC personnel visiting DWRC for periods of a 
few days to several weeks. In the latter category, 
trainees often worked directly with DWRC scientists not 
funded under the project at no additional cost to AID. 

d. Networking: As a national research institution, DWRC 
serves as the hub of an international network in 
vertebrate pest management, resulting in frequent 
interaction among many of the professional scientists and 
experts with LDC counterparts. Project personnel made 
efforts to utilize already established networks and to 
develop new relationships with the international 
agriculture research centers and with projects funded by 
other international donors. The network coordinated by 
DWRC is composed of more than 700 persons from about 400 
or.ganizations. !be scientific capabilities at OO'RC 
continue to be well suited to the networking approach. 

2. Is the training, job classification and experience of the 
professional staff adequate to achieve the project purpose? 

• 
The four scientists of 'the International programs Section have 
excellent training and extensive overseas experience. The 
International Program Section of DWRC maintains a permanent 
research staff composed of wildlife biologjlts specialized in 
vertebrate pest ecology and management methods development; 
other DWRC sections provide laboratory and field researchers in 
a variety of scientific disciplines and a supporting research 
group involving statisticians, engineers, and information 
specialists. Many of these researchers also have overseas 
experiences. These project scientists, most of whom work 
across several projects and disciplines, represent a cross 
section of the DWRC. 
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The Center currently employs 111 professionals, 75 
clerical/technical personnel and an additional 40 temporary 
personnel to handle seasonal field work. The research is 
concerned with two primary areas~ 1) ecological relationships 
between wildlife, their habitats and man's needs for land and 
water and associated resources; and 2) reducing the damage 
wildlife causes tr- :",]riculture, forests, industry, or other 
areas of hur .. ~'. -,lOt::avor, The latter is extremely important to 
the LDCs. In this regard, research in animal damage control 
includes damage assessment; laboratory and field studies of 
behavior and ecology of the damaging species; and the 
development and testing of chemical, physical, or cultural 
methods for minimizing or eliminating the problem situation. 
Emphasis is given to insuring that the methods developed are 
biologically sou,..~d, effective, safe, and socio-economically 
acceptable within the broad context of environmental concerns. 

3. Does the use of part-time professional staff result in 
desirable utilization of resources? . 

'Ibe use of part-time professional staff hc.s made it possible to 
realize the maximun benefit from 5&T/AGR'S limited resources. 
'Ibis is made possible by DWRC's policy of maintaining world 
renown scientists and experts at the Center and partitioning 
professional scientists' time 'across several related projects 
and activities during the year. 

4. Has adequate provision been made in the event of unanticipated 
short- and long-term absences of staff members? 

In the event of short- or long-term absences of staff members, 
the International Programs Section can draw on the expertise of 
the rest of DWRC, including the field stations to provide 
needed scientists to implement required work for AID. 

B. 'Facili ties 

1. Are the facilities adequate? 

The DWRC facilities are more than adequate to backstop a 
program for the LDCs. The headquarters consist of 19 buildings 
(estimated value of buildings &,d equipment is $17.8 Million) 
located on 5 acres of land. In addition, 23 field stations are 
located in areas remote from Denver. OVerseas field stations 
are provided by host government agencies. Other field stations 
range from 23 acres at Gaine~,'ille, Florida to a two acre 
station at Laredo, Texas. 
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2. Who finances the facilities? 

Rental costs for DWRC facilities are financed by the u.s. Fish 
and Wildlife Service. OVerhead costs (27 percent) inclUded in 
project funds are utilized to some degree for facilities rental 
costs charged to DWRC administration. 

3. Are the facilities appropriate for training LOC students? 

DWRC facilities are highly appropriate for the types of 
training provided. For example, LDC students do their course 
work at u.s. Universities and their research at m'ffiC or in 
their home countries. COoperating universities are Colorado 
state University, in nearby Fort Collins, University of 
california at navis, BoWling Green state University, Bowling 
Green, Ohio, and University of Wyoming, Laramie, Wyoming. 

1. Is the equipment for research and other activities of the right 
type and up to date: 

'!he research equit=ment is more than adequate for the work at 
the Center. DWRC has the most modern equipment for the type of 
assistance' it provides within its mandate. 'Ihe research 
laboratories consist of 14,315 square feet. Its pens and 
outside storage consists of 4,105 square feet. '!he total 
square feet of space at DWRC is 85,870. 

2. Is the equipment appropriate for training LOC students? 

The equipment maintained at DWRC provides the most modern 
environment for training. Because the basic research is 
performed at the Center or field stations, participants can 
benefit directly by the exposure to methods applicable to 
problems in their home countries. Animal quarters, 
experimental facilities and laboratory and fi~ld equipment are 
similar to that which is or could be used in developing 
countries. 

rv. Relevancy of DWRC I S Work to LDCs • 
. 

A. Are the interests and needs of the missions and regional bureaus in 
the area of pre/postharvest vertebrate pest control being adequately 
addressed? 

DWRC scientists are responding to the interests and needs of the 
missions and regional bureaus. For example, in the Philippines 
rodent damage to rice approached 5. 0 ~ of cut tillers. DWRC 
scientists developed a baiting technique and trained field 

lf6 
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technicians and by 1976 this technique resulted in less than 1.0 % 
cut tillers and an annual savings of rice valuad at $14 million. 
Rat damage to coconuts is extensive in many of the developing 
countries. DWRC scientists developed a methodology involving crown 
baiting a small percentage of palms with anticoagulant rodenticides 
to solve this problem. This technique resulted in a minimum benefit 
of $1.28 for every $0.09 invested. 

B. Is DWRC research relevant to LDC problems and'environment? 

The DWRC research results are highly relevant to LDC problems and 
environments. The project provides a channel through which 
information and research generated by DVffiC scientists working in a 
specific LDC can be applied to other LDC situations with similar 
environment. 

C. Is the PASA providing adequate useful information to LDCs on rodent 
and bird damage? 

The project serves as a major source of worldwide information 
concerning the impact of bird and rodent damage on agriculture and 
on methods and materials for alleviating such damage. NUmerous LDC 
inquiries found in DWRCand AID correspondence/cable files document 
the utility of such information for LDCs 

V. Speciai AID Benefits 

t1any benefits are received under this PASA agreement with DNRC that are 
not charged to the project. Some of the benefits are listed below: 

A. Training in connection with degree work. 

In this category many of the LDC students are provided use of 
laboratories, library, statistical and computer services and special 
guidance from DWRC scientist ac a minimal cost to the project. 

B. Short-course Training Sessions to LDC visitors. 

C. Technical assistance provided to LOCS, missions, FAO, WOrld Bank and 
other sponsors. 

DWRC responded to requests for assistance outside of the 
projects. In 1984 these requests totalled 184 and ranged from 
literature or information on research and crop protection to 
materials and photographs. From January through AUgust 1985, 
125 requests from 34 LDCs were answered. 
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D. Consultations with foreign Visltors at DWRC. 

DWRC receives visitors to the center regularly who are given 
orientation on the activities and research going on and how they 
relate to the conditions in their home countries. Thei~ names are 
placed on an international mailing list for receiv1ng annual reports 
and other literature and publications appropriate to their VPM 
interests. 

E. Participation of DWRC staff in international workshops and 
seminars. 

In order to maintain the extensive network system established under 
the predecessor project, it is necessary for DWRC staff to attend 
and participate in key domestic and international workshops and 
seminars. This is accomplished with minimal cost to the project. 

F. Publica tiona funded by DWRC. 

Costs for research publications are shared by the International 
Programs Section <!Ind by the project. Research publications 
concerning domestic VPM problems are totally funded by DWRC, but 
directly benefit the International VPM community. 

G. Complementary Research. 

DwaC has also attempted to' optimize limited resources and exp~rtise 
in vertebrate pest management through cooperative planning and 
complementary research with both domestic and international 
organizations. An example has been the collaborative efforts of 
FAO, DWRC and several governments of African countries to determine 
migratory patterns of pest birds. This effort was implemented at 
minimal cost to the project. 

H. DWRC Equipment 

• 
DliRC field and laboratory equipment used by LDC graduate students 
and scientists f.or related vertebrate pest management and control 
research is estimated at $50,000 per year. The use of this 
equipment is DWRC's contribution to achieve the purpose and goal of 
the project. 

I. Estimated replacement cost of facilities and equipment 

WANG: 2875A 

The facilities and equipment available to the Agency at no cost are 
estimated at $17.8 million, of which $9.0 million is for buildings 
and $8.8 million for laboratory equipment, computers, vehicles, 
major office equipment, and animal holding pens. 

MMozynski:8/26/85 REV. 9/05/85 
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DENVER WILDLIFE RESEARCH CENTER INTERNATIONAL ACTIVITIES 

BACKGROUND 

Since 1967, the U.S. Agency for International Development (AID) has 
supported developmental research to reduce vertebrate pest damage to 
agri cul ttrre in devel opi n9 countrf es under Parti ci pati n9 Agency Servi Ce 
Agreements with the U.S. Fish and Wildlife Servicels Denver Wildlife 
Research Center (DWRC). These projects, with worldwide applications, 
i ncl ude work on a van ety of methods, materi a 1 s, and control. stra teg; es 
pursued both in Denver and in various field programs. Current field 
programs supported by AID are located in Joydebpur. Bangladesh, 
established in 1978, and in Port-au-Prince, Haiti, established in 1950. 

PROJECT GOAL 

. To increase the avail abl e human food supply in cleve1 opi n9 cOllntri es by 
reducing the risk of severe preha~vest and postharvest losses to 
agri culture caused by vertebrate pests. Thi s will be accompl i shed through 
safe, effective, and economical control methods appropriate to small 
fanners and acceptabl e in the broader context of agri cul tural de'lelopment 
and anvi ronmental protecti on. Sel f-sustai ni ng, i n-co~ntry programs ar= 
the expected res ul t of the proj ect. 

r~ETHODS 

- Team approach to problem solving. 
- Proal em-ori ented 1 aboratory research. 
- Integrated approach consi deri ng all i nteracti ng factors In a probl em 

situation. 
- In-count~y programs, including research, training, extension, and 

institutional ization. 
- Timely transfer of research findings to user groups. 
- Cooperati'le.link~ges with other international organizations and 

governments • 
-Outreach activities from DWRC as requasted by AID/Washington, AID 

Mi 5si ~ns or host countri es. 
- Technical, administrative, and supervisory support from DWRC. 

~\ 
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Personnel of the Section of International Programs stationed at Denver: 

JohnW. De Grazio 

Donna J. Scott 

Richard L. Bruggers 

Lynwood A. Fiedler 

G. Clay Mitchell 

Annaliese E. Valvano 

Michael S. Bornstein 

Section Chief - Supervises and coordinates 
research activities; organiz~s or 

. participates in outreach activities to 
control vertebrate pests in AID-designated 
developing countries. 

Secti on Program Assi stant - ~tanages fi scal 
activities. travel arrangements, personnel 
functions, commodity procurement, 
shipping. Coordinates these and other 
activities with AID/Washington, AID 
mis~ions, and international organizations. 

Biologist - Assists laboratory research 
1n Denver and oversees bird control 
acti vi ti es in Asi a. Lati n Ameri ca, and 
Afri ca. 

Biologist - Assists laboratory research 
in Denver and oversees rodent control 
acti vi ti es in Asi a, Lati n Ameri ca, a:1d 
Afri ca . 

Biologist - Assists outreach research and 
cooperative activities with emphasis on 
bi rd and rodent damage probl ems; . 
responsible for developing comprehensive 
rodent bibliograp~. 

Editorial Assistant - Performs secretarial 
auti es; edits and prepares manuscri pts, 
reports. and correspondence. 

Biological Technician - Assists Section 
personnel with laboratory studies, 
commodity procurement and shipping, 
literature searches, analyses, etc. 

Personnel of the Section of International Programs stationed overseas: 

Joe E. Brooks 
Bangladesh Agricultural 
Research Institute, 
Joydebpur, Bangladesh 

James o. Kei th 
Ministry of Agriculture, 
Port-au-Pri nce, Hai ti 

Biologist - Manages research and 
coo perati ve acti vi ti es wi th emphasi s on 
rodent and bird damage problems. 

Biologist - Manages research and 
cooperative activities with emphasis on 
rodent and bird damage problems. 

2 
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Other DWRC personnel assisting the Section of International Programs: 

Section of Supporting Sciences 

Roger W. Bullard 

Other Sections at DWRC 

Biochemist - Coordinates postharvest food 
loss research activities in Oenver. 

Ten other persons are partially funded by 
AID to conduct field problem oriented 
research studies in the laboratory and 
provide TOY assistance. Expertise covers 
electronics. pharmacology, physiology, 
behavior, biochemistry, and chemical 
analytical services. 

More than 100 professional and support 
personnel provide expert ass1stance to 
International Programs. Expertise 
includes fields of administration, 
terrestrial and marine mammalogy. 
ornithology] wildlife ecology and 
management, taxonomy. species abundance 
and d1stribution, primate ecology, and 
statistical. computer. library, and 
editorial services. 

3 
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Vertebrate pest project building completed in 
1980 and consi sts of offi ce, 1 aboratory, and 
animal room as a part of the Bang1 adesh 
Agricultural Research Institute. Jackal pens 
and outdoor rodent enclosure completed in 
1982. Experimental plots ava H abl e nearby. 

Vertebrate pest project building completed and 
consists of office, laboratory, animal room, 
conference room, and outside holding pens. 
Facility is located with the Ministry of 
Agriculture complex at Darnien. 

The DWRC is a major research facility of the 
U.S. Fi sh and Wi1 dl ife Service. At DWRC. an 
interdisciplinary team of specialists, using a 
broad spectrum of sophisticated laboratory 
e qui pment and s peci ali zed f ac 11 i ti es, conduct 
backup research for field programs. Cost of 
duplicating this capability at overseas 
stations would be exorbitant and impractical. 

4 
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USFWS 
( Personne 1 ) 

I 
I 

mmc 

USAID 
REGIONAL BUREAUS AND FOREIGN MISSIONS 

(Funding and Program Management) 
I 

(Technical Program Guidance 
and Coordination) 

SECTION OF SUPPORTING SCIENCES 
(Support and Development Research) 

I 

I 

OTHER DWRC SECTIONS 
(Technical and Support Services) 

Phannlcology Beha'vi or J F onnul a tf on Consul tation L-jbrary Services 

Chemical Physiology Chemi cal_ Training Statistical Services 

Temporary Assignments 
evelopment Analysfs 

LEl ectroni cs 
Chemi cal Product 
Senses Storage Evaluatfon-

Biochemistry Temporary Training 
Assi gnments 

SECTION OF INTERNATIONAL PROGRAMS 
(Development and Management of Vertebrate Pest Programs) 

I 
DENVER 

(Coordination. Supervision. 
and Outreach) 

) 

I 
Bangladesh 

I 
FIELD UNITS 

I 

Editing 

I 
Haiti 

...... 
co H 



ESTIMATES OF ECONOMIC LOSSES TO VERTEBRATE PESTS 

Appendix I 
Page 6 of 18 

BANGLADESH $128 million annual loss of rice to rats 
$15 million annual loss of wheat to rats 

PHILIPPINES $60 million annual (prior to 1975) 10s~ of rice to 
rats 
30$ annual lass of coconuts to rats, representing 
about $192 million 
7~ damage, ~ total loss in sugarcane to rats 

AFRICA $100 million annual loss of sorghum and small grains 
to birds 

SUDAN $15-30 million annual loss of cereals to birds 

HAITI AND THE 
DOMINICAN REPUBLIC $30 million annual loss of agricultural crops to 

rodents and birds 

LATIN AMERICA $350 million annual loss of livestock to rabies 
transmitted by vampire bats 

6 
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AID/DWRC ACHIEVEMENTS IN REDUCWG VERTEBRATE PEST LOSSES 

PHILIPPINES Sustained baiting has been incorporated into the 
Masagana 99 technology package for participating 
fanners. Rat damage to rice on these farms (500.000 ha or 
1,000,000 effective hectarage) was reduced from 5t to It. 

Annual surveys by the Bureau of Plant Industries on 2.1 
million ha showed rat damage of 3.67t (1971-75) and O.49~ 
(1976-79). Sustained baiting and training of field 
technicians contributed to loss reduction amounting to 
savings of more than $14 million per year since 1976. 

Recent trials using anticoagulant rodenticides 1n coconut 
crowns increased yield 28~. Cost:benefit ratio of the 
3-year program based on actual costs of control and copra 
production at the end of the 3 years was 1 :28. Estimated 
annual gain for the entire country is $192 million. 

Experimental trials using modified sustained baiting with 
anticoagulant rodenticides in corn reduced damage by B4t. 
Farmer profits increased $27.40 per ha. For each Sl spent, 
$7 were returned. 

NICARAGJA Paralyti c rabi es in 1 i vestock caused by vampi re bats has 
been eliminated. Annual benefits to the livestock 
industry, $2.4 million; annual control program costs, 
$130,000. For each $1 spent. there was a return of $18.74 . 

. 
LATIN AMERICA As a result of AID/DWRC training and extension activities, 

13 of 18 countries plagued with vampire bats have 
self-funded control programs. 

COLOMBIA Experimental tri al s usi ng crown ba i ti ng of anti coagul ant 
rodenticides in 1973 reduced rodent damage to coconuts 
frOOl 75~ to (n. Based on 1973 pri ces. it was estimated 
that treatment of 1 million palm trees would result in an 
annual $730,000 savings. 

SUDAN Field studies in Sudan and East Africa indicate that 
effective crop protection can be achieved using the 
chemical repellent methiocarb at relatively low levels and 
with economical application techniques. Since 1976, a 
l,0l2-ha wheat farm in Tanzania has experienced less than 
5: lo~ses to pest birds during the 3 years in which 
methiocarb was applied to those parts of the field being 
damaged. In 1978. when the chemi cal was not used, bi rds 
caused BOt damage to the fi el ds . . 
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Experimental trials using zinc phosphide bait cakes to 
reduce rodent damage to ripening wheat was conducted in 
one district during the 1981 season. Observed'results 
showed that fanmers who used the prepared baits reduced 
damage to their wheat crop by nT.; the cost:benefit ratio 
in this stuqy was 1 :30. Based on these results, a 
nationwide cont~·ol campaign was initiated in January 1983. 

The Organization for the Development of the Artibonfte 
Valley (OOVA) is responsible for rice production in the 
valley which has 23,000 ha under cultivation. Haitian 
counterparts trained 20 ODVA agronomists and several 
peasant fanners how to apply the sustai;ned, baiti ng method 
for reduci n9 preharves t ri ce 1 asses to rodents. As a 
result, 50 ha of newly transplanted rice were baited with 
the rodenticide warfarin in 1982. In 1983, the treated 
area may be increased and comparative studies with zinc 
phosphide- and warfarin-treated baits will be conducted 
before making recommendations for large-scale baiting 
programs. 

8 
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TRAINING AND INFORMATION TRANSFER ACTIVITIES 

TRAINING 

Thousands of individuals, including farmers, extension agents, technicians, 
biologists, veterinarians, administrators, and others concerned with 

. agricultural production, have received both infonnal and formal training 
in many aspects of vertebrate pest management. The infonnal training has 
taken many fonms: 

- workshops, demonstrations, and seminars; 

- day-to-day interactions between counterpart personnel and resident 
bi 01 ogi sts in all phases of the research process whi chi ncl udes 
planning, execution, data collection and analyses, reporting, and 
extensi on; 

- (1) in-country training for either resident or nonresident individuals 
with a local university (for example, University of the Philippines at 
Los Banos) on a special problem overseen by and in cooperation with 
the resident biologist or (2) short diploma courses; and 

- short-term study programs in laboratory or field research for 
individuals from developing countries at DWRC or one of its domestic 
or international field stations. 

The formal training provided through USAID/DWRC Vertebrate Pest Projects 
has resulted in 35 counterpart personnel from 10 countries receiving 
graduate training leading to advanced degrees (~.S. or Ph.D.). Most of 
these individuals have returned to their country and are working in some 
aspect of agriculture or vertebrate pest management. M.S. or Ph.D. 
programs in vertebrate pest management are offered at several U.S. 
universities including Colorado State University, Fort Collins, Colorado, 
Bowling Green State University, Bowling Green, Ohio, and the University of 
California at Davis, California. In some instances, thesis research can 
be accanpl i shed at DWRC or at one of its fi el d stati ons. In speci al 
cases, a nondegree program can be arranged. 

I NF ORMATION TRANS FE R 

Information transfer has taken many forms and includes workshops, 
demonstrations, seminars, training manuals, brochures, annual reports, 
formal publications, media materials, and responding to written requests 
from interested individuals or agencies worldwide. Infonnation transfer 
has been particularly successful in association with controlling vampire 
bats in Latin America, baiting the crowns of coconut trees for rat control 
in the Philippines, and developing a rodent control campaign against rat 
damage to wheat in Bangladesh. For example, this latter program included: 
da i 1 y rad i 0 s pot announcements, news pa per art; cl es ,TV co verage , 
distribution of 375,000 leaflets to school chil dren in the l' districts, 
distdbution of 75,000 1 eaf'lets to fanners, and January 28, 1983 was 
decl ared .. K i 11 a Rat" day. 

9 
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RESEARCH ACCOt~PLISHMENTS. CURRENT AND PLANNED ACTIVITIES 

Since the project started. accomplishments in research methodology, 
techniques, and material development have been detailed in Annual Progress 
Reports and research publications by DWRC personnel and counterparts . 

. Sunmarized belcw are some significant research findings obtained during 
outreach and in-country project activities. 

OUTREACH ACTIVITIES FROM DWRC 

a. Accomplishments 

Developed two me~hods to control vampire bats that transmit rabies to 
liv~stock in Latin America. Local personnel were trained to handle 
in-country programs. Rabies was eliminated in Nicaragua. 

Conducted successful tests to control rat damage to coconuts in 
Col cmbi a. 

Conducted successful test using the repellent methiocarb on ducKs 
damagi ng emergi ng ri ce in Uruguay. 

Demonstrated that rhodamine B is a highly effective marker for rodents 
when used in a grease formulation. 

Demonstrated that Mi crotaggant pl as ti c parti cl es can be incorporated 
into baits to mark birds and rodents. 

. . 
Developed a techni que for usi ng coded mi cro pai nt parti cl es to 
mass-mark social bird species. 

Developed miniaturized radiotelemetry equipment for studying ranges. 
activity, and long-distance movements of small rodents, birds, and 
bats. 

Developed methods of assessing rodent and bird damage to various 
agri cul tural crops. 

Developed the technique of using inKed tracking tiles to determine 
rodent acti vity in rel ati on to crop damage or to eval uate control 
methods. 

Developed standardized laboratory techniques for comparative 
evaluation of candidate toxicants and repellents on rodent and bird 
speci es . 

Developed a more effective bird repellent enhancement method by adding 
taste or color compounds to the formulation. 

Developed an inexpensive gas fumigant cartridge for control of 
burrowi ng rodents. 

10 
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Developed biochemical test procedures to determine bird resist~l!Ice and 
. nutri ti onal characteri s ti cs of sorghum vari eti es . 

Developed a computerized cage system for comparing feeding patterns of 
different rodent species in relation to different rodenticides or bait 
f onnul ati ons . 

Insti gated a new proj ect on pas tharvest food losses. Basi c 1 i terature 
search canpl eted J study pl ans developed J and 1 aboratory research 
underway. 

b. Current and Planned Activities 

Conti nue to re~~pond to requests by AID and foreign governments or 
international agencies for technical assistance in defining and 
resol vi ng vertebrate pest probl ems. 

Provide analytical and radiotelemetry support (as ne~ded) for field 
programs in developing c~untries. 

Assist in training personnel to use electronic instrumentation and 
chemical analysis to support field programs. 

Continue to assist in field research, evaluation, demonstration, 
training. and dissemination of information. 

Conti nue probl em-or; ented, basi c J and appl i ed research acti vi ti es at 
DWRC 1 aboratori es . 

Continue to act as liaison between OWRC and field personnel including 
U.S. and foreign investigators. 

Evaluate potential candidate dlemicais and bait formulations for field 
rodent contrel programs. 

Test Jnd eval uate gel and tuxi c grease fonnul ati ons for rodent and 
bird damage control applications. 

Explore aspects of the nature of grooming and taste interactions to 
improve existing control methods for rodents and birds. 

Compare food preferences and food neophobia responses in selected 
rodent species to develop improved baits. 

Develop improved avicides and rodenticides through syntheses and 
chemi cal structure acti vity re'\ ati onshi ps. 

Study the use of additive cues to methiocarb formulations in border 
appli ca ti ons to maturi ng sna 11 grai ns . 

Conduct studies on improving the effectiveness of methiocarb and 
Avitrol for field application. 

11 
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Exami ne aversi ve components of bi rd··resi stant sorghum extracts and 
facilitate development of spec1aliz·~d bird-resistant sorghums. 

Develop protocols for assessing posthd~vest losses to vertebrdte pests 
in developing countries; determine current storage practices and 
management procedures; and develop control strategies. . 

c. Current and Planned Activities--in Coo eration with the Phili ine 

.Publish a vertebrate pest control manual for use in on-going training 
curriculum at the University of the Philippines at Los Banos. 

Incorporate vertebrate pest control information into an integrated 
pest management illustrated guide to be published by the International 
Rice Research Institute. 

Produce and publish in the Philippine Council on Agricultural Re5earch 
and Resource Development (PCARRD) rodent control recommendations for 
all major crops for use by administrators, teachers, researchers, and 
extensionists . 

Implement a national program for training in rat control in coconut 
through the Philippine Coconut Research and Development Foundation 
(PCRDF) and the Philippine Coconut Authority (peA) extension program. 

Continue surveys to evaluate and quantify postharvest pest losses. 

PHILIPPINES 

a. Accomplishments 

Completed national surveys of rodent damage to rice and determined 
distribution of rodent pests. 

Oeve loped effecti ve method of ri cefi el d rodent control through 
sustained baiting with anticoagulants for use by small fanners. 
Recommendations were adopted by Government of the Philippines. 

Established vertebrate pest control research and training within the 
National Crop Protection Center and its regional field stations. 
About 25 graduate students completed thesis work in association with 
the proj ect. 

Reorganized government operational rodent control programs to 
incorporate improved methods developed by project personnel. 

Developed rodent control techniques for coconut and corn damage. 

Investigated fumigant ~artridge formulations for use in developing 
countries, and developed a simulated burrow system for evaluating 
fumi gants. 

12 
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Investigated anticoagulant wax bait fonmulations for use in small-farm 
. si tuati ons. 

Developed a nonlethal electric barrier to prevent crop damage by 
agricultural rodents. 

Evaluated high-energy fence chargers for field use in the tropics. 

Supported field programs with specialized equipment and technical 
expertise for radio tracking animals. 

Investigated grooming behavior of rodents in relation to the use of 
acute rodentfcides in grease or dust formulations. 

Developed analytical techniques for determining warfarin an~ 
diphacinone concentrations in plant) soil) and water samp1es and 
demonstrated that these chenrlcals do not accumulate during field 
baiting. 

EAST AFRICA 

a. Accomplishments 

Demonstrated effective protection of small grain crops from bird 
damage can be ichieved with relatively low levels of methiocarb 
repellent head sprays in several East African countries. 

Compiled information on crop losses and economic impact of bird damage 
in Sudan and other A f11 can countri es . 

Obtained information on population reduction efforts as practiced.by 
various organizations. It was found that these overall efforts are 
largely ineffective in reducing damage except in some local areas. 

Determined that the most important agricultural rodent pests in Sudan 
are Arvicanthis spp. and Mastomys spp. They damage sorghum, wheat, 
groundnuts, and vegetables. 

Developed miniature radio transmitters and attachment method for 
quel ea. 

Completed laboratory studies on quelea. 

Establ; shed colon; es of Arvi canthi s nil oti cus and conducted 
laboratory investigations. 

Demonstrated in Ethi opi a that red-bill ed quel ea (Quel ea guel ea) can be 
mass-marked with fiuorescent paint particles to obfa1n infonnation on 
their migratory movements relative to crOD damaae Datt~rns. 
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Demonstrated in Ethiopia the feasibility of using 1 .8-g miniature 
radio transmitters for rapidly locating nesting colonies and 
understanding local movements of red-billed quelea. 

b. Current and Planned Activities 

Continue cooperative research efforts with FAD personnel. 

BANGLADESH* 

a. Accomplishments 

Organized Vertebrate Pest Division within Bangladesh Agricultural 
Research Institute; established cooperative ties with other agencies; 
assi gned counterpart personnel to proj e<:t. . 

Established new laboratory, office, and pen facilities. 

Held several workshop and training sessions for Government personnel. 

Completed national survey of rodent damage to wheat and rice. The 
countrywi de loss to wheat was valued at about $15 mill i on and to r; ce 
about $128 million. 

Began national survey of vertebrate pest problems on small farms and 
started pest identification and analysis of their distribution. 

Ccmpl etad prel imi nary 1 aboratory .eva 1 uati on of candi date rodenti c; des 
and bait fonnulations. . 

Conducted a var.iety of baiting studies in small-farm crops. 

Completed studies of burrow systems and behavior of fossorial rodents. 

Conducted test trials to determine the most effective method of 
monitoring field rodent populations including live and snap traps, and 
track i ng til es • 

Cooperated wi th GTZ and the Government of Bangl adesh ina nati onal 
rodent control campaign in wheat. 

Demonstrated that experimental ~lots of maize can be protected from 
parakeet (Psittacula krameri) damage with Avitrol. 

Determined the toxicity and repellency of several repellents to pest 
birds and demonstrated the effectiveness of three chemicals as seed 
dressings on sprouting wheat in experimental and farmers' fields to 
prevent bird damage. 

*Funded by AID Mission/Dhaka 
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Initiated studies of post-harvest losses of stored grains to village 
fanners. 

b. Current and Planned Activities 

Study effect of intensive trapping on rodent damage to deepwater ricE 
providing information on seasonal changes in reproduction. 

Continue national vertebrate pest and crop damage surveys. 

Evaluate efficacy of fumigants for field rodent control. 

Eva 1 uate use of taste aversi on to prot~ct crops from rat damage. . 

Evaluate sublethal aversion of various rodenticides, and develop mean 
to overcome,or minimize these effects. 

Develop improved nriniature radio transmitters for field programs. 

Develop improved rodenticides and fonmulations. 

Evaluate efficacy of lethal and nonlethal barriers to prevent damage 
caused by rodents. 

Determine reproductive patterns of lesser bandicoot rats (Bandicota 
bengalensis) and study the feasibility of establishing a breeding 
colony for research use . 

• 
Evaluate burrowing, feeding, and grooming behav.ior of B. bengalen~;5 
to facilitate development of systems for control of thls species. 

~valuate use of tracking tiles to more accurately determine rodent 
movement and popul at; on densi ti es. 

Continue to evaluate chemical repellents as wheat seed treatments to 
prevent losses by pest birds. 

Initiate studies of rodent damage to stored foods in village clusters. 

AITI* 

. Accomplishments 

Organi zed Vertebrate Pest Proj ect wi thi n Haiti an Mi ni stry of 
Agri cul ture; establ i shed cooperati ve ti es with Domi ni can Republ i c 
Ministry of Agr1culture including the assignment of counterpart 
personnel • . 

I 

Currently funded by AID/Haiti Mission. 
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Assembled initial information on vertebrate pests and associated 
probl ems in agri cul ture in Haiti and the Dom; ni can Republ i c. 

Demons trated sustai ned ba i ti n9 of rodents in ri ce is feasf bl e in the 
Artibonite Val' ey. 

Gathered infonmation through the use of radiotelemetry on the biology 
of the vill age weaver (Ploceus cucull atus). 

. Obtained basic information on the use of pesticides fn Haiti a.nd the 
Dominican Republic. 

Documented Vertebrate pest losses 1 n matur1 n9 corn. 

b. Current and Pl anned Acti vi ti es 

Continue to assemble data on important vertebrate pests, crops 
damaged, and losses and develop comprehensive research plans for 
specifi c vertebn:'e pest damage probl ems. . 

Assf st the Mi ni stry of Agri cul ture develop a rodent control program 
for ri ce in the Arti boni te Vall ey. 

Evaluate control methods for reducing losses to vertebrate pests in 
mat~i ng corn • 

• Evaluate bird repellents on maturing sorghum and rice. 

Work cl osel y wi th the Sect; on of Supporti n9 Sci ences on postharvest 
storage losses. 

Assist Peace Corps vo1unteers in specific vertebrate pest damage studies. 
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AID's Bureau for Science and Technology (5&T) has indicated a reduction in 
future funding for calendar year 1985 and beyond. 

The Ba~gladesh Vertebrate Pest Project is funded through fiscal year 1986. 

The Vertebrate Pest Project in the Philippines terminated September 1983. 

The Haiti Vertebrate Pest Project has been funded for fiscal year 1984; 
future funding is unknown. 

The Project will attempt to secure additi onal future funding through 
contacts wi th AID Mi ss; ons f n devel opi ng countri es. 
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SlJltYt\ARY 

AID FUNDING 1967-1983 

FISCAL S&1 BANGLADESH UTILIZATION LAC 
. YEAR FUNDS FUNDS FUNDS FUNDS TOTAL 

'967 22,000 22,000 

'968 251 ,617 251 ,6l 7 

1969 409,509 409,509 

1970 449,594 449,594 

1971 558,000 558,000 

1972 550,000 550,000 

1973 478,641 71 ,359 550,000 

1974 373,813 76,187 450,000 

1975 411 ,578 60,000 471 ,578 

1976a 485,000 100,000 585,000 

1971 439,850 84,000 523,850 

1978 480,000 24,356 95,000 10,000 609,356 

1979 543,668 164,944 13,000 721 ,612 

1980 513,566 116, 000 247,400 976,966 

1981 607,434 1 54,650 175,000 937,084 

1982 462,217 167,781 297,937 927,935 

1983 . 566.416 171 ,253 249,490 987,159 

1984 549,0'00 191,806 20o,OOOb 940,806 
.. 

$990,790 $486,546 $1,192,827 .-- - -- . 
Total 8,251,903 .l.n,922,066 

a I ncl udes 5th quarter (transi ti on quarter). 

b Esti mated. 

1905 482,820 

Total 8,734,723 
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The Vertebrate Pest Control (VPC) project originated as a U.S. Agency for 
International Development (USAID) Bureau for Latin America and the 
Caribbean (LAC) regional project for Haiti and the Dominican Republic. 
These countries share the island of Hispaniola and have common problems of 
crop losses to rodents and birds. A Participating Agency Service 
Agreement (PASA) between the Agency for International Development and the 
Department of the Interior, Fish and 1~i1dlife Service, Denver Wildlife 
Research Center (DWRC) was completed in August 1979. In January 1980, a 
Memorandum of Understanding was signed with both countries, and 
counterpart staff were assigned to the project. Project headquarters was 
established in Port-au-Prince, Haiti, and a project biologist from DWRC 
arrived in Haiti in May 1980. 

The project was funded by LAC from August 1979 'through December 1982, and 
project activities were undertaken in both countries. Project funding 
support was provided exclusively by USAID/Haiti from January 1983 through 
September 1984, and activities were restricted to Haiti. The original 
Project 598-0584 terminated in September 1983. Activities during FY-1984 
were continued under PDAI (Integrated Agricultural Development Project) 
No. 521-0078 USAID/Haiti. 

Authorization and Budget 

August 1979 

January 1983 

October 1983 

Project Paper and Project Authorizaton approved by 
USAID/LAC/Washington for a 4-year project (No. 598-0584). 

PASA and Project Implementation Order/Technica1 (PIOT) 
prepared for 4 years with the following budget: 

FY-l979 
FY-1980 
FY-1981 
FY·1982 
FY-1983 

3 months 
12 months 
12 months 
12 months 
3 months'" 

$ 13,000 
227,811 
244,185 
302,524 
62,480 

$850,000 

*Total of $850,000 expended as of December 1982, 9 months 
earlier than planned. 

Additional funds were allocated by USAID/Haiti to complete 
last 9 months of FY-1983 under Project 598-0584. 

FY-1983 (Jan-Sep) $200,000 

PASA was extended and additional funds were allocated by 
USAIO/Haiti for FY-1984 under Project 521-0078. , 

FY-1984 (12 months) 

Total funds allocated: $1,179,200. 

$129,200 



Personnel 

1. Project Managers 

a. USAID/Haiti 

Mr. Jesse M. Trevino 
Mr. Abdul Wahab 
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Feb 1980 to May 1983 
May 1983 to Sep 1984 

b. Departement de 1 'Agriculture, des Ressources Naturel1es et du 
Developpement Rural (DARNDR), Haiti 

Mr. Julio BartholemY Feb 1980 to Sep 1984 

c. Secretaria de Estado de Agricultura, Departamento de Vida 
Silvestre, Dominican Republic 

S. Marcos Perla 
1ng. Ramon Ti 0 

2. Project Staff 

a. Project Biologists, DWRC 

Dr. G. Clay Mitchell 
Dr. James O. Keith 

b. Counterpart Staff 

(1) Hai ti 

r.tne. Michele Rimpel, Biologist 
Mr. Jean-Paul Samedy, Agronomist 
Mr. Colbert Zephyrin, Technician 
Mme. Irmgard Laroche, Secretary 
Mme. Michaelle Burr-Reynaud, 

Secretary 
Mme. Yolene Gaspard 
Mr. Daniel Isidore, Trainee 

Agronomist 
Mlle. Claire Marie Normil, Student 
Mr. Dimitri Norris, Student 

(2) Dominican Republic 

S. Tomas Vargas, Biologist 
S. Manuel Gonzales, Biologist 

3. Peace Corps Volunteer~ 

Feb 1980 to Jan 1981 
Jan 1981 to Dec 1982 

May 1980 to Jun 1982 
Oct 1982 to Sep 1984 

May 1980 to Sep 1984 
May 1980 to Sep 1984 
Apr 1983 to Sep 1984 
Aug 1980 to Aug 1981 

Aug 1981 to Jul 1982 
Jan 1983 to Sep 1984 

Aug 1981 to Sep 1981 
Ju1 1983 to Aug 1983 
Aug 1983 to Sep 1983 

Feb 1980 to Dec 1982 
Feb 1980 to Dec 1982 

Project funds were used to support activities of volunteers in the 
Dominican Republic. 

Mr. Brent Mitchell 
Ms. Kathy Luke 

Studies of woodpecker damage in cacao 
Studies of village weavers 
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The VPC project addressed problems related to damage by vertebrates with 
special attention to crops grown on small farms that suffer from 
disproportionate losses. The project included technical assistance, 
training, commodities, conferences, and other appropriate activities in 
vertebrate pest management. '~jor activities of the project were training 
host government specialists, developing appropriate, applied research, and 
demonstrating programs for vertebrate pest management. A major goal of 
the project was to establish the capability within host governments to 
independently continue programs of vertebrate pest research and management 
after project termination. 

During the project, emphasis was placed on observing damage situations and 
evaluating control practices both in farmers' fields and on experiment 
station plots. This focus led to an understanding of present and future 
needs of farmers and provided a background for problem solving in actual 
pest situations. Locating the field headquarters in Haiti was 
particularly good for this project because of the large number of small 
farms available for study. 

Effective control methods developed by DWRC have been successful in 
reducing vertebrate pest damage to agricultural crops in the United States 
and in developing countries, but the diversity and seriousness of 
vertebrate pest losses on small farms in Hispaniola was a special 
challenge. Research and technology developl!d by DWRC scientists in 
countries with similar crops, pests, and farming practices were extended 
and adapted to Caribbean conditions. 

Technical Assistance 

Technical assistance was provided through a PASA between USAID and DWRC. 
This included long-term services of a technician with expertise in 
vertebrate pest management stationed in Haiti for the development of a 
viable field station and for the training of counterpart p~rsonne1. 
Additi~nally, DWRC provided many person-months of short-term consultants, 
with specialized expertise such as research planning and evaluation, 
biometrics, pharmacology/toxicology, vertebrate behavior and physiology, 
chemical residue analysis, electronics (biotelemet~, remote sensing), and 
dissemination techniques to assist the resident technician at the field 
station. 

The resident technician, in collaboration with participating country 
personnel, 

1. Acquired an in-depth knowledge of vertebrate pest situations 
throughout the region_ 

2. Determined research priorities and progressed toward developfng 
simple, effective, safe, and economically beneficial systems for 
management of vertebrate pests. 

3 
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3. Designed and conducted related studies essential to the development 
of suitable control procedures. These included pest population 
dynamics, food habits, and behavior of pest species as related to 
development, evaluation, and safety of existing and proposed control 
approaches. 

4. Determined distribution and extent of vertebrate pest damage in major 
small-farm crops as affected by various factors (e.g., cropping 
practices of farmers). 

5. Developed census techniques to determine relative population of 
vertebrate pests before and after application of experimental control 
procedures. 

6. Evaluated traditional control approaches of local farmers and 
compared them with newer methods for effectiveness, economic 
benefits, and human and environmental safety. 

7. Planned and conducted laboratory and field studies as required for 
development of vertebrate control methods (including the capture of 
animals for research purposes). 

8. Planned and conducted field studies to evaluate such approaches as 
chemical agents, mechanical devices, and habitat manipu7ation as 
means of alleviating vertebrate damage. 

9. Participated in training programs designed to establish an indigenous 
capability in the area of vertebrate damage control • 

. 
10. Designed and initiated an interim control plan for priority problems 

identified in each participating country. 

11. Participated in scientific meetings, as appropriate, to confer or 
present papers, and carried on technical correspondence with 
coopera tor s. 

12. Participated in the formulation of long-term planning and strategy. 

Short-term DWRC consultants assisted in specific activities: 

1. A research planning and evaluation expert cooperated yearly to 
coordinate research activities between DWRC and the field station. 

2. A biometrician, physiologist, and residue chemist assisted in stuQy 
designs for evaluating traditional and alternative control approaches 
in speci al prabl em areas and in developing national damage a!.sessment 
programs. The bi ometri ci an assi sted in damage assessment me'chods, 
population indices, and essential experimental design. 

3. Technicians on TOY directed considerable, specialized laboratory and 
field research (APPENDIX 1). 
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Supporting research in problem areas, where highly sophisticated or 
specialized equipment and skills were required, was conducted at DWRC. 

1. Electonic materials development (biotelemetric transmitters and 
receivers. field event counters, remote sensing devices). 

2. Toxicological studies (oral toxicity, bajt acceptance, evaluation of 
candidate control agent.s for efficacy and safety) and chemical residue 
analyses. 

3. Behavioral studies. 

4. Consultants also served as a resource for conferences or seminars, 
a~sisted in the training of counterparts, and participated in other 
project activities within the assigned area of the resident technician. 

In addition, the support team in Denver assisted and advised in study plan 
design and in procurement and shipment of required research and office 
supplies and equipment. 

Training 

On-the-job training was continuously stressed during the life of the 
project. Sti...ff received exposure to many theories, tools, and techniques 
used in-vertebrate pest management. Training also included: 

1. Presentation at seminars, conferences, workshops, and field 
demonstrations (APPENDIX 2). 

2. Preparation of publications (scientific journals, popular 
publications, extension-type brochures, and leaflets) and technical 
reports (APPENDIX 2). 

3. Development and implementation of extension programs. 

Senior local staff members from both Haiti and the Dominican Republic 
exchanged visits and a1so spent 2 to 3 weeks or more in the U.S. at DWRC 
and other appropriate U.S. research institutions (APPENDIX 3). Basic 
objectives were to allow these individuals to become familiar with the 
overall complexities of vertebrate pest control, to become aware of DWRC 
technical backup capabilities by working in laboratories and in the field 
with DWRC personnel, and to receive training in areas related to 
vertebrate control which are not available in the participating countries. 

Facilities and Commodities 

1. Laboratory - Haiti 

PL-480 funds ($120,000) were made available for construction of an 
office/laboratory building on the experimental farm at Darnien, where 
the Ministry of Agriculture is located. This building of about 
3,500 ft2 contains three offices, a secretar,y/reception area, a 
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conference room, a library, two laboratories, two animal rooms, trIO 
storerooms, two lavatories, and a generator shelter. The construction 
of the building was begun in May 1981 and completed in October 1982. 
The builjing is now fully furnished, equipped, and fUnctional. 

2. Aviaries - Haiti and Dominican Republic 

In FY-1982, project funds \'Iere used to complete an aviary at the 
experimental farm of the Ministry of Agriculture in San Cristobal, 
Dominican Republic. Pens in this aviary were used to house birds for 
avian research. In Haiti, a small, temporary pen was built near the 
office building to hold birds for laboratory studies. In 1984, funds 
were obligated for construction of a larger, permanent aviary. 

3. Vehicles - Haiti and Dominican Republic 

Two ,four-wheel dri ve vehi cl es were purchased for project use in Hai ti 
and one for use in the Dominican Republic. A motorcycle was purchased 
for project use in Haiti; another motorcycle was purchased for use by 
Peace Corps cooperators in the Dominican Republic. 

4. Equipment - Haiti and Dominican Republic 

The following items are examples of equipment purchased with project 
funds: Emergency generator at laboratory; desks, chairs, cabinets, 
tables, and files; shelving for library and storage rooms; 
microscopes, balances, refrigerators, bioassay cages, and a 
hygrothermograph; typewriter, calculators, slide projector, projection 
screen, blackboard, lamps, and fans; binoculars, cameras, CB radios, 
traps, nets, and biotelemetry equipment; books, magazines, and 
scientific journal subscriptions. 

5. Supplies - Haiti 

The following goods are examples of supplies purchased for use in 
Haiti: Chemicals, reagents, pesticides. and feeds; glassware, 
toxicological supplies, feed dishes, and waterers; statione~ and 
of-fice supplies; baits, bands, markers, tools, and hardware. 

PROJECT ACTIVITIES 

Specific research and outreach activities undertaken during the project 
varied somewhat with ~e problems and situations in each partiCipating 
country. The genera1 approaches used in .. these activities were as follows. 

1. Identifying principal bird and rodent pests, determining planting 
schedules for principal crops receiving damage~ and identifying the 
time when damage assessments and crop protection should be undertaken. 
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2. Developing assessment techniques for rodent and bird damage to 
principal,crops. The ability to measure crop losses was necessary to 
evaluate effectiveness of candidate control methods and provide an 
economic base to measure benefits. 

3. DeteMmining optimum dosage for principal pest species and 
environmentally sound application methods for vertebrate pest control 
chemicals. 

4. Cooperating ~ith other agencies to evaluate control practices 
currently recommended or used by the Ministry of Agrfculture and/or 
farmers. This was necessary to provide agencies and farmers with 
information on how current practices compared with alternate 
approaches. 

5. Systemati c testing of contr.ol approaches for use under vari ous pest 
damage situations. Such approches were either adapted from findings 
in other countries or devised under local conditions. 

6. Conducting field observations and periodic population surveys for 
several pest species in each region. This information was important 
to gain an understanding of fluctuating population densities and 
periodic pest outbreaks. 

Objectives for Denver-based personnel during the project period included: 

1: Screening and evaluating candidate chemicals for possible field 
testing against selected pest species. 

2. Analyzing basic behavior patterns and physiological functions of 
selected pest species to provide background information for the 
development of more effective biological and chemical control 
approaches. 

3. Designing specialized equipment (traps, field recorders, experimental 
bait formulations, sprayers, cages, etc.) and providing statistical 
and technical literature assistance. 

As project development proceeded, research needs for specific problem 
situations were identified. The program was one of problem solving 
through adaptive research and practical application of selected 
techniques, therefore, considerable attention was placed on developing 
methods ~nd information for small farmers. Pilot extension actfvities 
using proven technolog1es were supported by training programs, field 
demonstrations, and workshops. 

S~y OF ACCOMPLISHMENTS 

1. Compiled data on crop production within each of the agricultural 
districts in Haiti. This enabled the determination of where crops 
susceptible to vertebrate damage are grown and where fieldwork should 
be conducted. 
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2. Compiled data on crop phenology in both mountain and valley zones. 
This showed in which months damage could be expected in susceptible 
crops within both zones. Data were generally applicable throughout 
Hispaniola. 

3. Conducted questionnaire surveys of vertebrate damage to crops in each 
agricultural district of Haiti. This provided a subjective 
assessment by agronomists in each distfict of the scope and severity 
of vertebrate pest damage. It also indicated where problems might be 
the greatest and allowed priorities for work to be established. 

4. Conducted countrywide assessments of village weaver abundance and 
damage in ricefields in Haiti and the Dominican Rep~blic. 

5. Conducted seven laboratory trials with birds to determine lethal and 
repellent levels of selected chemicals. 

6. Conducted six laboratory trials with rats to establish lethal levels 
of toxicants and relative acceptance of different baits. 

7. Conducted 30 field assessments of timing, intensity, and conditions of 
bird and rat damage to crops throughout Haiti (APPENDIX 4, section A). 

8. Conducted 24 field trials for the development of techniques to reduce 
damage by birds and rats to various crops in different areas 
(APPENDIX 4, section B). 

9. Conducted eight demonstrations for district agronomists and private 
volunteer organizations of methods to reduce crop damage by birds and 
rats. Prepared an 'extension brochure for rat control in ri ce 
(APPENDIX 4, section e). 

10. Cooperated for 4 years with staff of DARNDR and Texas A&M University 
(PDAI project) in the protection of experimental crops on the 
experimental fanm at Damien. 

11. Conducted year-long investigations of the reproduction. habits, and 
lpcal movements of village weavers. Hispaniolan woodpeckers. roof 
rats, and Norway rats in Haiti to help understand how the animal's 
behavior is related to damage patterns in crops and what approaches 
are most feasible to reduce their damages to crops. 

12. Investigated the kinds of crops grown on 18 small farms in the 
Cul-de-Sac Plain near Port-au-Prince and the season, intensity, and 
ways to control damage by vertebrates. 

13. Initiated strategies to reduce losses of crops and stored products on 
small peasant farms through scheduling of periodic activities to 
remove rats and repel birds throughout each year. 

14. Constructed and equipped an office/laboratory facili~ at Damien. 
This facility is now cal'ed the Laboratoire des Vertebres and will be 
the center for continued vertebrate pest research and management in 
Hai tf. 
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Results of technical activities and accomplishments are documented in 
reports and publications listed in APPErWIX 5, and are available either 
through DWRC or the Laboratoire des Vertebres, DARNDR, Damien, Haiti. 

PROJECT EVALUATIONS 

The VPC project was evaluated twice during {ts existence. The first tean 
was brought together in May 1982 to evaluate accomplishements during the 
first 2 years of the project. The team visited in the Dominican Republic 
for several days and in Haiti for about 2 weeks. Names of team members 
and their findings and recommendations were published by Jackson et al. 
(1982; APPENDIX 5). It was concluded that the project should be continue 
and funded by USAID Missions in Haiti and the Dominican Republic rather 
than by the USAIO Bureau for Latin America and the Caribbean. 

In November 1983, an evaluation team was br~ught to Haiti to review 
progress of the PDAI project No. 521··0078 and make reconmendations for 
future direction and emphasis for the project. This team was asked to 
also review the VPC project and to consider funding for that project 
during FY-1984 under PDAI if objectives of the two activities were 
compatible. The team report included an evaluation of the VPC project an 
recommended its funding under PDAI during FY-1984 (Martin et al., 1983; 
APPENDIX 5) 

CURRENT STATUS OF VERTEBRATE PEST CONTRO[ TECHNOLOGY IN HISPANIOLA 

Considerable progress was made during the 4 years of this project in 
identifying the kinds of crops damaged by vertebrates in Haiti and the 
Dominican Republic (APPENDIX 6). Damage is common in most crops 
throughout the island of Hispaniola, and crop losses frequently cause 
serious hardships to peasant farmers. . 

Rats cause at least some damage to most crops and can seriously damage 
corn, ,rice, cacao, sugarcane, root crops, and fruits in certain areas eac~ 
year. Damage is neither constant nor uniform in occurrence and 
intensity. For instance, the degree of rat damage to rice can differ 
markedly within Haiti and particularly among the Artibonite Valley, Fond 
des Negres. and Les C~es. Similarly. rat damage to corn on the 
experimental farm at Damien and in the Cul-de-Sac Plain has varied greatly 
between areas and years. The reasons for these differences are not 
clearly understood, but they must be related to changes either in rat 
abundance or in rat food preferences. 

Regardless of these variations in damage levels. losses to rats often 
reduce profits by $50 to $200/ha. Such losses can be largely reduced by 
rat control. The average cost of rat control is about SlO/ha. 
Consequently. farmers can recover between $5 to $20 for each $1 spent for 
reducing losses to rats. The system of sustained baiting with 
anticoagulant poisons is most efficient and economical. especially where 
rat pressure on crops differs over time. SUstained baiting requires that 
poison bait be kept constant1y availab1e to rats. If many rats are 
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present and bait consumption is high. additional bait stations arr. set out 
and maintained. As rat numbers decline. bait stations are removed and 
less bait is used. This system results in an economical use of bait. 
because the number of rats present determines how much bait is used which 
ensures minimal costs with adequate control. Sustained baiting should be 
practiced with each planting of annual crops. Farmers should not wait for 
serious damage to occur before beginning rat, control. 

Rat control is an integral step in crop protection; as such, it must be 
accepted as a necessary cost of crop production. Farmers must have 
sufficient funds to practice rat control with each crop they plant. Often 
such funds are not available, and means are needed to provide the cash for 
rat control by loans farmers receive for raising crops. Returns can be 
great, and rat control should be encouraged. 

Damage by birds can be as important as damage by rats, but it is a more 
difficult problem for farmers to control. Losses usually are severe only 
locally. but when damage occurs, it can be considerable. Each farmer must 
assess the potential for bird damage to his crops and develop plans to 
reduce such losses accordingly. As with rats, losses to birds should be 
prevented before they occur. Once birds begin feeding on crops, it is 
difficult to keep them out of the fields. 

Repellents and other crop protection practices should be used to reduce 
bird damage rather than killing birds with poisons. Birds are highly 
mobile. Using poisons, tha farmer faces the impossible task of 
eliminating large numbers of birds over a large area, just to protect his 
crops. Ample evidence exists from many areas of the world that poisoning 
birds seldom reduces crop losses. In addition, Haitian peasants eat 
birds, and pOisoning birds presents a real hazard ~o humans. This threat 
in itself is sufficient to justify prohibiting the use of poisons as a 
means of reducing crop damage by birds. 

Adequate means exist for farmers to protect their crops from birds, but 
the job is more complicated than controlling rat damage. Techniques must 
be carefully selected based on bird species, crops, and the situation 
involved, and farmers must expect to expend more effort. Where bird 
damage.is high, crop losses c~n be as high as 50~, therefore, farmers can 
expect large returns from their efforts. 

Village weavers feed on rice, sorghum, and corn from 2 weeks after 
flowering until harvest. Grassquits feed on rice and sorghum only during 
the first 2 weeks after flowering, but will feed on millet until harv~st. 
Woodpeckers damage corn from the time the ears begin to form until kernels 
harden. They also attack sugarcane, cacao, coconuts, and fruits over 
prolonged periods and, in the aggregate, may cause more damage than any 
other species. 

Netting can be used to cover crops and exclude birds, but it is costly 
(So. 101m2). For most fanmers these costs are prohibitive, but netting 
becomes economical when protecting small areas of rice seedbeds. seedlings, 
and nursery crops. Crop experiments are expensive and are sometimes 
conducted when heavy bird damage cen be expected. Protection of 
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experimental crops with netting often can be justified because netting is 
durable and can be used for many years. Chemical bird repellents are 
expensive ($35/ha). and, to be effective, they must be applied before 
birds begin feeding in rice and sorghum fields. Usually. severe bird 
damage is not predictable, and farmers seldom are willing to use 
repellents as an insurance. measure. Where damage by village weavers and 
grassquits Can be expected to reduce rice and sorghum yields by more than 
25~, the use of bird repellents becomes economical and should be 
encouraged. 

Chemical repellents are effective and economical to protect newly planted 
seeds from vertebrate pests. Use of methiocarb should be encouraged as a 
seed treatment to protect corn seed from rats. rice seed from birds, and 
sorghum seed from lizards. 

Individual ears of corn and heads of sorghum can be covered with fine-mesh 
netting to prevent losses to birds. Costs of materials are not 
prohibitive because wrappers can be used many times. However, labor 
requirements are intensive, and the decision to wrap each ear must be made 
by each farmer. In areas where woodpeckers and village weavers damage 50% 
or more of corn ears, the use of wrappers can provide considerable 
benefits. 

Traps and mist nets can be used to remove village weavers that are 
damaging isolated crops. The costs incurred have not been established, 
but, again, labor is the principal investment. Traps and nets can be used 
over many cropping seasons. As with poisons, it is difficult to protect 
crops by trappi ng. and removi ng bi rds if a hi gh bi rd popuhti on exi sts: . 
Where small numbers (100-200) of,birds are attacking local crops, trapping 

• can be quite effective in reducing crop losses. 

At Damien, damage by woodpeckers to experimental corn has been effectively 
reduced by using bright red, plastic flagging. Strips, 2.5 to 7.5 cm wide 
and approximately 30 em long can either be tied to corn stalks or slit and 
slipped over corn ears. Red is the most effective color in repelling 
woodpeckers. Red flagging m~ evoke a behavioral response related to that 
caused by the red head of these woodpeckers, but the'se rel ati onships are 
poorly·understood. Red flagging does not repel village weavers or other 
pest species from corn. The intense damage by woodpeckers that can occur 
in cacao also seems to be reduced by hanging red flagging in cacao trees, 
but this technique has not been sufficiently evaluated • 

• 

Farmers in the Artibonite Valley lay tape (from audio recording cassettes) 
over their rice to protect it from birds. A similar tape (bird-scaring 
reflection tape) is now being tested to repel birds from grainfields. It 
is wider and stronger than cassette tape. and is silver on one side and 
red on the other. Tests in other countries suggest it can sometimes be 
effective in repelling birds when suspended just above crops. More 
information wil' soon be available on the value of this technique under 
different use conditions. 

During project activities, it became evident that in addition to 
techniques to protect individua1 crops, a program was needed to protect 
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small peasant farms from losses to rats and birds ~'roughout the year. 
Most Ha i ti an fanners o~m small farms on whi ch many di fferent crops are 
grown annually. Some crops are mixed, and some are alternated on the same 
plots, but at different seasons. Annual crops are planted in fields, 
while perennial crops are grown along field borders or in small stands of 
bushes or trees. Since crops are grown year-round, farmers face 
continuous pressure from vertebrate pests. A program is being developed 
for use on small farms that will schedule different activities throughout 
the year to protect seeds, annual crops, coconuts, coffee, cacao, fruits, 
and stored products from rats and birds. Peasant farmers and their 
families constitute 80: of the Haitian population, and this small-farm 
program will be the most important contribution made to increasing crop 
yields in Haiti through vertebrate pest control. 

Thus, in the aggregate, many methods have been developed to help farmers 
reduce losses to vertebrate pests. A principal job now remaining is to 
further test and perfect techniques and to demonstrate their use to 
extension agronomists and farmers. This will require that an aggressive 
research and extension program b~ continued by the ministries in Haiti and 
the Dominican Republic. 

The VPC project has established the physical capabilities needed for 
vertebrate pest research and extension in Haiti. A fully equipped 
1aboratory/office complex exists to support such activities within DARNDR, 
and Haitian and Dominican agronomists and biologists can rely on the 
continued technical advice of the DWRC in the future. Economical and 
10gisticl support must be provided by DARNDR to maintain a dynamic'and 
effeetive program. Pl-480 funds will be needed by DARNDR to complement 
local appropriations·and ensure the economic viability of vertebrate pest 
management in Haiti during the next decade. In the Dominican Republic, 
national funds seem adequate to support continued activity in vertebrate 
pest management. 

Counterpart staff in DARNDR, Haiti and the Departamento de Vida Silvestre, 
Dominican Republic have been with the project since its inception. They 
have become familiar with vertebrate pest damage and the control methods 
currently available. Their activities on the job during the past 4 years 
have taught them how to assess vertebrate damage to different crops and 
how to test and develop effective methods for protecting crops. 
Conducting laborator,y and field studies has provided experience in the use 
of scientific methods in experimentation and compilation and analysis of 
data. They have benefited from training at DWRC and from exposure to the 
diverse scientific disciplines of the Denver staff at DWRC or on TOY in 
Haiti and the Dominican Republic. Formal and on-the-job training have 
provided ~lem with knowledge of vertebrate pest management and theories of 
toxicology, population regulation, and animal ecology, behavior, and 
reproduction. 

DARNDR is fortunate to have intelligent, highly qualified, and well 
trained personnel with whom to continue a program in vertebrate pest 
management in Haiti through the Laboratoire des Vertebres at Damien. 
However, DARNDR must receive funds from some source to reestablish 
original salary levals for this staff. Staff salaries have been reduced 
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by one-half or more during the last several years. Current salaries are 
inadequate and inequitable for scientists with such a high degree of 
dedication, education, training, and job seniority. If salaries are not 
increased, staff of the Laboratoire des Vertebres may be forced to seek 
other employment outside of DARNDR. Conduct of a program in vertebrate 
pest management is impossible in Haiti without the current staff. 
Training was the most important accomplishment of the VPC project, and 
existing facilities, equipment, and funding will be of little use without 
trained personnel. 

CONSIDERATION OF FUTURE NEEDS 

One objective of the VPC project \'/as to develop safe, effective, t1d 
economical methods that are appropriate fo~ use on small farms to protect 
crops from vertebrate pests. These methods also had to be compatible with 
the broader goals of agricultural development and environmental protection 
in Hispaniola. Given the wide diversity of ecological conditions under 
which vertebrate damage occurs in Hispaniola and the variety of crops and 
animals involved (APPENDIX 6), it is unrealistic to expect development of 
methods for each specific crop/pest situation within a period of 4 years. 
Several cropping seasons are Ireeded to test techniques for each crop/pest 
combination; about 50 such combinations have been identified. In 
addition, time is needed for development of damage assessment procedures 
before efficacy of control methods can be evaluated. After the project 
was started, another object'ive was incorporated; USAID/Haiti stressed the 
need to include extension activities to ensure the proven methods were 
made available to fanners. This work greatly increased the scope and time 
reqUirements of the project. 

Only about one-third of the identified pest/damage situations were studied 
during the life of the project. These were situations where greatest 
losses occurred countrywide, but they also were the situations (e.g., rat 
damage in rice) where the most infoMmation existed from work done 
elsewhere. The remaining problems probably will require considerably 
greater effort, time, and creativity to resolve. 

Another. objective of the VPC project was to develop the capabilities 
within host countries to continue vertebrate pest research and management 
in the future. In vertebrate pest management, as in all aspects of 
agricultural production. new knowledge and technology, changes in crops 
and farming practices, and development of new crop varieties necessitate a 
continuing research effort to provide farmers with currently effective 
tools. The job of managing pests is a continuing one, and capabflities 
must be available for continued research to improve management practices. 

Often the philosophY was expressed within USAID that after 4 years of 
training the capabflities of host government staffs should be adequately 
developed to enable them to continu~ without further technical 
assistance. Thfs is akin to ~xpecting a graduate from a 4-year college to 
independently adminfster a complex p'l'ogram in biology or agriculture. In 
4 years, few peop'e can master an area of science sufficiently to enable 
them to conduct a broad, comprehensive program without further technical 
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assistance. In Haiti especia11y, institutional support is neither adequate 
nor consistent enough to enable sustained operation of a VPC program. 
Funds allocated are inadequate to pay staff salaries, and little money 
exists for operational expenses. The Minister of Agriculture and his staff 
have been replaced three times in just over 2 years, and there has not 
been any consistancy in either priorities, program direction, or support. 
Personne1 are insecure, poorly paid, confused as to how they can meet their 
goals, and disappointed over the lack of cha1lenge, stimulation, and 
accomplishments in their job. 

Maintenance of existing staff and laboratory/office complex is the first 
requirement for continued VPC activities. Operation funds must also be 
provided to support the program and to conduct research and extension 
activities. Finally, continued training and moral support must be provided 
to enable the full development of the staff's potential to conduct a VPC 
program. 

It is highly advisable that USAID/Haiti ensure the continued presence of 
foreign technical assistance in vertebrate pest control research and 
extension during the next 4-5 years. This can best be done by 
incorporating VPC activities into a new USAID/DWRC project. A considerable 
investment nas already been made toward deve10ping the capability for this 
work, which is greatly needed in Haiti. If additional efforts are not 
made, current accomplishments may be lost, and Haiti again wi1l be without 
the ab~lity to address these problems. 

Provisions for VPC activities can be made within the framework of other 
projects. Projects to meet many types of goals can logically include a VPC 
component. A project to develop overall capabilities in plant protection 
might be the most appropriate for'continued VPC work. Such a project is 
extremely relevant as DARNDR does not now have the capability to assist 
farmers with problems of insects, nematodes, diseases, weeds, and other 
pests that attack or compete with crops. Vertebrates are some of those 
other pests, and they could logically be inCluded in a comprehensive plant 
protection project. 

RECOMMENDATIONS 

1. USAID/Haiti should encourage DARNDR to determine their needs in the 
plant protection area and to submit a request for a project to help 
develop those capabilities. This project should include a VPC 
component, and planning for the project should begin immediately. It 
will require 12-18 months to implement a new project. USAID/Haiti 
should provide for some interim activities to maintain continuity and 
support for the VPC program in DARNDR, as recommended in paragraphs 2, 
3, and 4 below. 

2. USAID/Haiti should facilitate continued relations between the VPC 
staff in DARNDR and DWRC during the next 12-18 months. This can be 
accomplished by encouraging OARNDR to request short-tenn technical 
assistance from DWRC in specific program areas where additional 
assistance and training is required. TOY's by DWRC staff would be 
essential to maintain morale and program interest in DARNDR. 
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3. USAID/Haiti should establish an awareness in DARNDR administrators 
that VPC activities are essential to the achievement of maximum 
agricultural production in Haiti. In the traditional agriculture now 
practiced, vertebrates cause a considerable loss in crops. With the 
introduction of new plant varieties such as corn and sorghum, damage 
by vertebrates will increase. Experience already gained has clearly 
demonstrated that benefits from new varieties cannot be fully realized 
unless crops are protected from rats and birds (pers. comm. Robert 
Cheaney, Texas A&M University). It is essential that conrnitments be 
made within DARNDR to support a program in VPC so that farmers have 
effective and economical methods to protect their crops from rats and 
birds now and in the future. 
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(APPENDIX 1) 

TDY'S BY DWRC STArr TO HAITI 

Mr. Jean Bourassa, Electronic Specialist. Use of 
radiotelemetry. 

Dr. Richard Engeman, Statistician. Design of sampling 
for damage assessment. 

Mr. Donald Zie1esch, Administrative Officer. Fiscal 
management. 

Mr. John De Grazio, Chief, Section of International 
Programs. Project planning and administration. 

Mr. David Hayes, Laboratory Technician. SUrvey of rodent 
damage to rice and corn. 

Dr. James Keith, Biologist. Field studies of village 
weavers. 

Dr. Richard Bruggers, Biologist. Radio-tracking of 
vi 11 age weavers. 

Mr. John De Grazio and Dr. James Keith. Project 
evaluation and planning. 

Dr. Clay Mitchell, Biologist. Project supervision. 

Dr. James Keith, Biologist. Project supervision. 

Dr. Mike Fall, Biologist. Rat control concepts and 
techniques. 

Dr. Richard Bruggers, Biologist. Bird repellents and 
crop protecti on. 

Mr. ~nwood Fiedler, B101~gist. Small farm survey. 

Mr. David H~es, Laboratory Technician. Laboratory 
development and animal maintenance. 

Dr. Peter Savarie, Phanmacologist. Laborator,y 
toxicological studies. 

Dr. James Keith, Biologist. Prepare termination report. 

ASSISTANCE BY CONSULTANT 

Dr. Chad Roberts, Biologist, Oscar Larson & Associates 
(consultants). Woodpecker biology and crop protection. 
Dr. Roberts' work was arranged and funded by PDAl 
(Project No. 521-0078, No.4), but his time was spent 
with VPC staff. 
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(APPENDI X 2) 

MEETINGS MID PUBLICATIONS 

Meetings 

Jean-Paul Samedy represented Haiti at a Semi~ar on Caribbean Pesticide 
Management; Sri dgetmm, Ba rbados; November 1980. 

James Keith attended the Annual Meeting of the Pacific Seabird Group; 
Honolulu, Hawaii; December 1982. 

James Keith participated in the XVIth International Congress of Game 
Biologists; Strbske P1eso, Czechoslovakia; October 1983. 

Jean-Paul Samedy attended the IXth Latin American Congress of Zoology; 
Arequipa, Peru; October 1983. 

Jean-Paul Samedy participated in a Symposium on Rice Culture; Mauge, 
Artibonite Valley, Haiti; February 1984. 

Publications 

Bruggers, R. L., P. Sultana, J. E. Brooks, L. A. Fiedler, M. Rimpel, S. 
Manikowski, N. Shivanarayan, N. Santhaiah, and I. Okuno. -1984. 
Preliminary investigations of the effectiveness of trimethacarb as a 
bird repellent in developing countries. Pp. 192-203 in Proc. 11th 
Vertebr. Pest Conf., Sacramento, California. --

. Engeman, R. M., J.-P. Samedy, M. S. Bornstein, and G. C. Mitchell. In 
press. A comparison of bird damage among eleven varieties of corn in 
Ha i tie J. Agri c. Un i v. P. R. 

Keith, J. O. 1982. Feral animals - the problem and some management 
considerations. Paper presented at the Annual Meeting of the Pacific 
Seabird Group; Honolulu, Hawaii; December 1982. Abstract in Pacific 
Seabird Group Bulletin 9(2):74. 

Keith, J. o. 1983. Brown pelicans - can they survive? Oceanus 
26(1 ):62 .. 67. 

Keith, J. O. In press. A historical perspective of pesticide-wildlife 
relationships. Paper presented at th! XVIth Interllational Congress of 
G~me Biologists; Strbske Pleso, Czechoslovakia; October 1983. 

Same~, J. P. 1980. Pesticide use in Haiti. Paper presented at a 
Seminar on Caribbean Pesticide ~~nagement; Bridgetown, Barbados; 
November 1980. . 

Samedy, J. P. 1983. Vertebrate pest problems in Haiti and control 
methods to reduce crop losses. Paper presented at IXth Latin American 
Congress of Zoology; Arequipa, Peru; October 1983. 
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. (APPENDI X 3') 

TRAINING 

Michele Rimpel, Jean-Paul Samedy, Jesse Trevino, and Clay Mitchell 
traveled to the Dominican Republic to meet with counterparts and attend 
training seminar given by Jean Bourassa, Electronics Specialist on TOY 
from DWRC; June 1980. 

Tomas Vargas and Manuel Gonzalez were at the Denver Wildlife Research 
Center for Training; August 1980. 

Julio BartholemY and Clay Mitchell traveled to the Dominican Republic to 
view pest ~roblems and work with counterpart staff; November 1980. 

Tomas Vargas traveled to Haiti to work with Richard Engeman, Statistician 
on TOY from DWRC; December 1980.- . 

Michele Rimpel attended course at Kansus State University, Agricultural 
Research Methodology; June-July 1981. 

Michele Rimpel and Inmgard Laroche were at the Denver Wildlife Research 
Center for training; July-August 1981. 

Julio BartholemY spent 2 weeks at the Denver Wildlife Research Center to 
consult with staff and view programs and activities; August 1981. 

Jean-Paul Samedy spent 2 weeks training at the Denver Wildlife Research 
Center; January 1982. 
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(APPENDI X 4) 

FIELD TRIALS CONDUCTED BY VERTEBRATE PEST CONTROL PROJECT 

A. Damage Assessments 

Rats in rice - Artibonite Valley 

Deseaux 
Mauge 
Trois Bornes 
Trois Bornes 

Rats in corn 

. Dami en 
Les Ca.yes 
Fond des Negres 
Cul-de-Sac 

Rats in cacao 

Fond des Negres 

Village weavers in corn 

Damien 
Les Cayes 
Cul-de-Sac 

Village weavers in rice 

Artibonite Valley 

Apr-Aug 1981 
Mar-May 1982 
Aug-Oct 1982 
Jan-Apr 1983 

Jul 1981; Dec 1981; Nov 1982; Feb 1983 
Jul 1982 
Jul 1983 
Aug 1983 

Mar 1983; J ul 1983 
• 

Dec 1981; Feb 1983; Apr 1983 
Jul 1982 
Aug 1983 

Aug 1981; Apr 1982 

Village weavers in sorghum 

Darnien 

Woodpeckers in corn 

Les Cayes 
Carnien 

Woodpeckers in cacao 

Fond des Negres 
Grd Riv. du Nord 

Feb 1982; Feb 1983 

Jul 1982; May 1983 
Nov 1982; Apr 1983; Aug 1983 

Mar-Apr 1983; Apr·.Jul 1983 
Nov-Dec 1983 
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(APPENDIX 4) (cont 'd) 

B. Development of Control Methods 

Rat control in rice 

Trial to establish efficacy and benefits of sustained baiting 
(Deseaux) 
Trial to compare efficacy of chemicals 
Two demonstrations to farmers of techniques and benefits 

Rat control in corn 

2 

Four trials (two trials in hYbrid corn. two trials in native corn) 
to establish efficacy of sustained baiting 

Two trials to compare bait forumation and bait station 

Protection of crODS from village weavers 

Three trials in sorghum 
Four trials in rice 
7hree trials in corn 

Protection of corn from woodpeckers - four trials 

C. Extensi on 

Cooperati on wi th the Organi za'ti on for the [)eve10pment of the 
Artibonite Valley (ODVA). Demonstration of rat control in rice with 
sustained baiting; Ju1-Sep 1982. 

Cooperation with ODVA. Two extension programs for rat control in rice 
with farmers conducting their program; Ju1 1983. 

Cooperation with Districts. Fond des Negres Distr1ct: rat and 
woodpecker control in cacao and corn. Port-au-Prince Distr1ct: work 
on sma" fanns. 

Cooperation with private volunteer organizations. Mennonite Economic 
Development Associates: woodpecker damage in cacao. Mission for 
Christ: rat and village weaver damage in rice. 
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(APPENDI X 5) 

DOCUMENTATION 

Bruggers, R. L. 1980. Annual Report. Vertebrate Damage Control Research 
in Agriculture. Denver Wildlife Research Center. 111 pp. 

I 

Bruggers, R. L. 1981. Annual Report. Vertebrate Damage Control Research 
in Agriculture. Denver Wildlife Research Center. 92 pp. 

Bruggers, R. L. 1982. Annual Report. Vertebrate Damage Control Research 
in Agriculture. Denver Wildlife Research Center. 99 pp. 

Bruggers, R. L. 1983. Annual Report. Vertebrate Damage Control Research 
in Agriculture. Denver Wildlife Research Center. 121 pp. 

Bruggers, R. l., P. Sultana, J. E. Brooks, L. A. Fiedler, M. Rimpe1, S. 
Manikowski, N. Shivanarayan, N. Santhaiah, and I. Ok uno. 1984. 
Preliminary investigations of the effectiveness of trimethacarb as a 
bird repellent in developing countries. Pp. 192-203 in Proc. 11th 
Vertebr. Pest Conf., Sacramento, California. --

Denver Wildlife Research Center. Trip reports on TOY assignments in 
Hai ti: 

Name Date Assiinment 
• 

DWRC Staff 
-

Bourassa, J. B. Jun 1980 Radiotelemetry 
Brugger s, R •• L. Aug 1981 Radio-tracking birds 
Bruggers, R. l. Apr 1983 Bird repellents 
De Grazi 0, J. W. May 1981 Project planning 
De Grazi 0, J. W. May 1982 Project evaluation 
Engeman, R. M. Dec 1981 Statistical sampling 
Fall, M. F. Mar 1983 Rat studies 
Fiedler, L. A. Jun 1984 Sma 1 1 fa rm study 

. Hayes, D. J. Jun-Ju1 1981 Rodent survey 
Hayes, O. J. Aug 1984 Laboratory development 
Keith, J. O. Aug-Oct 1981 Bird studies 
Keith, J. O. May 1982 Project evaluation 
Keith, J. O. Aug 1982 Project supervision 
Keith, J. O. Sep 1984 Termination report 
Mi tchell , G. C. Jul 1982 Project supervision 
Savarie, P. J. Sep 1984 Toxicology 
Zielesch, O. W. Jan 1981 Aani nistrati on 

Consultant - Oscar Larson & Associates , 

Roberts, C. May-Jun 19B3 Woodpecker biology 
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Engeman, R. M .. J.-P. same1Y' M. S. Bornstein, and G. C. Mitchell. In 
press. A comparison 0 bird damage among eleven varieties of corn in 
Haiti. J. Agric. Univ. P. R. 

Jackson, W. B., D. R. Drga. J. W. De Grazio, and J. O. Keith. 1982. 
Evaluation of Project 598-0584, Reduction of Vertebrate Pest Crop 
Losses. May 1982. On file at Denver Wildlife Research Center. 

Keith, J. O. 1983. Vertebrate Pest Control Project No. 598-0584. 
Accomplishments and proposals for future work. Unpublished rpeort. 
On file at Laboratoire des Vertebres, Darnien, Haiti. July 13, 1983. 
9 pp. and attachments. 

Laboratoire des Vertebres. October 1982 to August 1984. Monthly 
reports. Vertebrate Pest Control Project. DARNDR, Darnien, Haiti. 

Laboratoire des Vertebres. 1984. Rat control in rice - an extension 
brochure. DARNDR, Carnien, Haiti. 9 pp. 

Martin, F. W., R. C. Kite, G. C. JacKson, and L. R. Frederick. 1983. 
Evaluation of the research and extension component of the Integrated 
Agricultural Development Project No. 521-0078. USAID/Port-au-Prince, 
Hai ti. 

Mitchell, B., and R. L. Bruggers. In press. Aspects of woodpecker 
ecology and damage to cacao in the Dominican Republic. Trop. Pest 
Manage. 

Mitchell, G. C. 1982. Vertebrate Pest Control Project NO. 598-0584. 
Report of Activities. Port-au-Prince, Haiti. May 14, 1982. 11 pp. 

Mitchell, G. C. 1984. In preparation. Annual Report. Vertebrate Damage 
Control Research in Agriculture. Denver Wildlife Research Center. 

Roberts. R. C. 1983. Avian crop damage control in Haiti and the 
Dominican Republic - An application of integrated pest control 
practices. Oscar Larson and Associates. EureKa, CA 9550'. 55 pp. 

Samedy, J. P. 1980. Pesticide use in Haiti. Paper presented at Seminar, 
Caribbean Pesticide Management, Bridgetown, Barbados. On file at 
Laboratoire des Vertebres, DARNDR, Darnien, Haiti. 

Samedy, J. P. 1981. Analyse economique du systeme d'appats continue i 
base de warfarin dans les rizieres: Deseaux (O.D.V.A.). Unpublished 
report. On file at Laboratoire des Vertebres, DARNDR, Damien, Haiti. 
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Samedy, J. P. 1983. Vertebrate pest problems in Haiti and control 
methods to reduce crop losses. Paper presented at IXth Latin American 
Congress of Zoology. Arequipa, Peru. On file at Laboratoire des 
Vertebres, DARNDR, Damien, Haiti. 

Samedy, J. P. 1984. Concept de 1a recherche app1equee au contro1e des 
vertebres nuisib1es a 1 l agricu1ture. Approche de 1a question des 
procedures de contro1e en matiere de protection des p1antes (rats et 
oiseaux depredateurs de 1a culture du riz). Paper presented at Rice 
Symposium'Mauge, Artibonite Valley, Haiti. February 1984. On file 
at Laboratoire des Vertebres, DARNDR, Damien, Haiti. 

Samedy, J. P. 1984. Studies of methods to reduce crop losses to 
vertebrate pests on small farms in the Cul-de-Sac Plain, Haiti. 
Unpublished report. 16 pp. On file at Laboratoire des Vertebres, 
DARNDR, Damien, Haiti. 

Scimetrics International. 1982. Field evaluation of the rodenticide 
VIZON in Haiti. P. O. Box 513, Conifer, Colorado 80433. 27 pp. 

3 
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PRINCIPAL VERTEBRATE DAMAGE TO CROPS I~ HAITI BASED ON RESPONSES TO QUESTIONNAIRES 
BY 14 OF 20 AGRICULTURAL DISTRICTS 

No. Districts (') Months of t districts reporting damage 
di stricts wi th heavy heaviest by vertebrate pestsa 

Crops with crops damage damage Rat Dog VW lIP PK CR GF GQ 

Corn 14 100 Apr-Jul 100 86 57 93 64 93 0 0 
~ice 12 83 Jun-Dec 92 0 100 0 17 33 0 17 
Sorghum 13 85 May-Jun/Dec-JBn 77 0 85 23 69 31 15 15 
Coffee B 50 Sep-Dec 100 0 0 13 0 0 0 0 
Cacao 5 80 Aug-Nov 100 0 0 fiO 0 20 0 0 
Sugarcane 14 57 Jan-Dec 100 0 0 86 7 0 0 0 
Sweet potato 13 46 Nov-Apr 100 0 0 0 0 8 8 0 
Manioc 10 50 Dec-Apr 100 0 0 0 0 10 0 0 
Coconut 8 25 Jan-Dec 25 0 0 100 13 63 0 0 
Peanuts 9 78 Jan-Dec 100 56 11 11 11 44 0 0 
Peas 13 62 Dec-Feb 92 8 31 8 38 31 B 0 
Frufts 9 11 Jan-Dec 89 22 11 56 33 44 0 0 
Others 13 31 Jan-Dec 100 2 0 23 0 8 ' 0 0 

a VW c Village weaver (Ploceus cucul1atus). 
WP = Hfspanfolan woodpecker (Relanerpes striatus). 
PK = Hfspaniolan parakeet (Aratfnga chloropteraJ. 
CR = Crows (Corvus spp.). 
GF = Guinea-fowl (Numida meleagrfs). 
GQ = Grassquits (Tiaris olivacea). 
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International travel for technical assistance projects by USAID/USFWS-DWRC personnel 
during 1983. 

Date Name 

15 Feb-13 Mar K. l. 8ruggers 

15 Mar-2 Apr O. J. Scott 

20 Mar-2 Apr M. W. Fall 

23 Mar-29 Apr J. W. De Grazio 

location 

Philippines, Kenya, 
Tanzania, Senegal 

Philippines 

• 
Haiti 

Pakistan, Bangladesh. 
Phf11 ppi nes 

Purpose of Visit 

Philippines: Organize field trials and 
and set up laboratory tests for 
trfmethacarb on bird pest species. East 
Africa: Oi scuss cooperative work wi th 
FAO Ouelea Project personnel. East and 
West Africa: Discuss with authors their 
contribution to the quelea book. 

Provide office manageme;lt guidance, dis­
cuss adnlinistrative procedures with 
project leader, and gain better 
understanding of interactions among 
OWRC and USAIO-funded overseas project, 
host government, and USAIO . 

Assist project leader in fieldwork, 
review data, and assist planning future 
project activities. 

Pakistan: Develop two preliminary pro-
. posal s on vertebrate pest problems and 

solutions for possible implementation 
into the USAIO/Pakistan-sponsored 
Agricul ture Production, DistribUtion, 
and Storage CAPOS) Project. Bangladesh 
and Philippines: Review research and 
administrative activi ties at USAID/DWRC 
projects. 



Date Name location 

26 MBr-1S Apr J. E. Brooks Pakistan 

20 Apr-l May R. l. Bruggers Haiti 

19 May-l Jun R. l. Bruggers England. Kenya 

5-9 Sep l. A. Fiedler Indonesia 

7 Sep-7 Oct· P. J. Savarie Bangladesh, Philippines 

Append.1.x til 
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Purpose of Visit 

Assist in developing two preliminary 
proposals on vertebrate pest problems 
and solutions for possible implementa­
tion into the USAID/Pakistan-sponsored 
Agriculture Production. Distribution, 
and Storage CAPOS) Project. 

Inftiate trials to protect newly sown 
seeds from pest birds. Conduct surveys 
for bird and rat damage. 

England: Discuss rodent bfbliography 
and bird pest problems with Tolworth and 
Worplesdon laboratory. Discuss bird and 
rodent repellents with Sphere laborato­
ries. Represent USAIO/DWRC fn fAD 

"Quelea Project 4th Annual Technical 
Meeting and make tentative plans for 
cooperative research for 1984. 

Observe crop 
activi ties. 

protection planning 

Assist with laboratory evaluation of 
new rodenticides; evaluate status of 
rodenticides used; and plan future 
toxicological tests (Bangladesh). 
Assist in developing collaborative 
studies with NCPC (Philippines). 



Date 

17-25 Sep 

9-15 Oct 

1983 

Name locatfon 

J. W. De Gralfo, Nfger 
M. W. Fall 

D. J. Elias Peru 

Appendix III 
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Purpose of Vfsit 

Present four papers at USAIO/OAU Inter­
african Phytosanitary Council Training 
Conference "Vertebrate Pests of West 
African Crops." 

Attend 9th 
Congress and 
Zoology and 
Agriculture." 

latin American Zoology 
chair symposium "Economic 
Vertebrates as Pests of 
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Internationa~ travel for technical assistance projects by USAIO/USFWS-OWRC personnel 
during 1~)8'1. 

Date Name 

8-31 Jan R. l. Bruggers 

13 Mar-12 Apr R. l. Bruggers 

30 Har-5 May l. A. Fi ed1 er 

29 May-8 Jun J. E. Brooks 

location 

Niger, Upper Volta, 
Kenya, Italy 

Bangladesh, Nepal, 
Phil ippines 

Philippines, Sri lanka, 
Maldives, Italy 

Nepal 

Purpose of trip 

Assist UNDP/FAO Regional Que1ea Project 
personnel in eastern Africa to mark 
large numbers of Quelea with fluorescent 
markers and plan future cooperative 
work. Oi scuss que 1 ea book chapters with 
authors. 

Bangladesh: Assist project leader in 
study design and fieldwork. Nepal: 
Assess present status of vertebrate pest 
management. Phl1ippines: Discuss 
present and organ i ze future cooperati ve 
bird damage research studi es wi th NCrr. 
staff. 

Philippines: Assist NCrC personnel in 
planning and implementing rodent control 
in coconut extension and evaluation 
program. Sri lanka: Oi scuss vertebrate 
pest problems with FAO personnel. 
Maldives: Upon request by FAO, study 
rodent problem in coconuts and design 
control program. Italy: Briefing 
sessions with FAO personnel on vertebrate 
pest problems in the Maldives. 

Survey vertebrate pest damage on small t:'d»­

farms. Present seminars. Write project ~~ 
proposal. ~ 

:~ 
~H 
\...) <: 



Date 

]0 May-15 Jun 

31 May-13 Jun 

18 Jun-6 Jul 

10-26 Jul 

16 Jul-3 Aug 

1-22 Aug 

27 Aug-20 Sep 

Name location 

R. l. Bruggers Nepal 

J. W. De Grazio Pakistan, Bangladesh 

L. A. Fiedler Haiti 

J. W. De Grazio Ecuador, Galapagos 
Islands, Costa Rica 

G. C. Mitchell Zimbabwe 

D. J. Hayes Haiti 

l. A. Fiedler Ecuador, Honduras 

Purpose of trip 

Appendix IV 
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Survey vertebrate pes t damage on sma 11 
farms. Present seminars. Write project 
proposals. 

Pak i stan: Prepare draft scope of work 
and budget for possible assistance in 
vertebrate pest control. Bangladesh: 
Review project and plan future research 
and activities. 

Conduct small-farm surveys to assess 
damage by rodents and hirds. 

Ecuador. Galapagos Islands: Discuss ver­
vc,"tebrale pest problems on islands and 
mainland. Costa Rica: Discuss verte­
brate pest damage to agricultural crops 
and livestock. Initiate test on 
tree-duck damage to elllerging rice. 

At the request of National Parks and 
Wildlife Management Deparbnent, assist 
in evaluating trimelhacarb as a bird 
repellent.to maturing wheat. 

Set up laboratory and capture animals 
for training purposes. 

Discuss vertebrate pest damage problems 
in agricultural crops on the mainland of 
Equador and the Galapagos Islands with 
USAIDIQuito personnel. Recommend methods 
for fera 1 an ima 1 contro 1. Honduras: 
Reconmend bird and rodent control methods 
in rice and corn. 



Date Name 

10-28 Sep J. O. Keith 

11-28 Sep P. J. Savarie 

1-16 Oct R. W. Bullard 

27 Oct-19 Nov D. L. Otis 

29 Oct-12 Dec l. A. Fiedler 

5 Nov-2 Dec R. L. Bruggers 

1-30 Dec M. V. Garrison 

location 
• 

Haiti 

Haiti 

El Salvador . 

Kenya, Tanzania, Sudan 

Ethiopia, Somalia, Kenya, 
Tanzania, Zimbabwe, 
Italy 

Sudan, Kenya 

Philippines 

Ap}-endlx IV 

Page J of' J 

Purpose of trip 

Prepare fi na 1 report on the Vertebra te 
Pest Control project. 

Provide technical assistance and instruct 
personnel in laboratory techniques. 

Evaluate vertebrate pest 
grain storage problems in 
and make recommendations. 

contro 1 and 
El Salvador 

FAO consul taney wi th Project RAF /81/023 
to determine techniques fOl~ aerially 
assessing areas of cultivated land and 
distribution of crops, and estimating 
bird damage. 

F 1\0 consu 1 tancy to eva 1 ua te I~oden t pr'ob­
lems in eastern I\frica. Brief FI\O per­
sonnel in Rome on findings. 

Sudan: Discuss DWRC participation in 
bird damage control. Kenya:' Participate 
in FAO-sponsored Technical Meeting on 
quelea research and management in 
eastern Africa. Organize cooperative 
field trials with FAO to evaluate the 
bird repellent trimethacarb and a 
bird-scaring reflection tape. 

At request of 
NCPC personnel 
tox 1ci ty and 
avicides. 

Director, NCPC, assist ~ 
in study design and~~ 

rp.pellency tests of ~ 

':~ 
-----~H 

w< 



Requests to DWRC for assistance during 198J. Thfs table does not I (Ic1 ude requests to DWRC 
btologists stationed at field stations in Haiti, the Philippines, and Bangladesh. 

ftlnths 
Type of request or activity Jan feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Information on International Programs 2 2 6 2 0 3 0 1 1 2 1 1 21 
Ltterature or tnfonRation on research 

and crop crotection methods 6 14 12 22 7 18 13 4 3 19 9 7 134 
Graduate sc 001 in,ulries 1 4 2 0 0 1 4 0 0 0 3 2 17 
Workshops/symposia conferences 11 9 1 1 0 4 0 1 3 1 0 0 31 
Materials/photographs 2 2 3 2 0. 1 2 0 0 0 1 0 13 
TDY"s/project requests 0 1 3 2 2 5 2 2 1 0 2 4 24 
Hirtng possibtlittes 0 1 2 0 0 2 0 0 0 1 0 0 6 
Visits or vtsttors to DWRC 0 0 1 0 4 5 4 ? 0 0 8 0 24 
Funding 0 0 0 0 0 0 1 0 1 1 1 0 4 
TOTAL 22 33 30 29 13 39 26 10 9 24 25 14 274 

originating countries: 
Jan Egypt. Swftzerland, That hnd, Hat tt. Tanzania, Argentina. Canada. Mextco. Uruguay. Venezuela, 

Colombia, USA. Peru, Brazil, Chtle. 
Feb Argentina, USA, Panama, Ethiopia, r.olombla, Somalia, Nicaragua, Denmark, Venezuela. OoIntntcan 

Republic. India, Costa Rica, Pakistan. Mextco, Canada. , 
Mar Domintcan Republic, Hatti. Panama, Indonesia. £thiopfa. Sudan, Guatemala, Peru. Uruguay, Zaire, 

USA, Mexico. SoItal1a, kenya, Italy, Papua Hew Gutnea, Central Afrtcan Republtc, ttlrocco, New 
Zealand, Canada. 

Apr Uruguay, Argentina. New Zealand. ~uyana, USA, Guatemala. Pakistan. Banglade~h. Ntgeria, 
Indonesta. Costa Rtca. Panama, Colombia. Italy, Bolivia, Peru, Canada. Malaysfa. 

Hay Phlltppines, Tanzan'a, USA, Cape Verde, Mal', Bangladesh, Italy, kenya. 
Jun Zalllbta, Kenya. Cape Verde, Cameroon, SUdan, Ethiopia, Pakistan, Costa Rica, Italy, England, 

Tanzania, Bangladesh, Thailand, Uganda, Indta, Egypt, Guyana. USA, Peru. New Zealand. 
Jul USA. Austral h. Indta, Honduras, Nicaragua, Egypt, Germany, Sterra Leone. Halt, Tanzanh, 

Uruguay, Ethiopia, SUdan, England. 
Aug Puerto Rfco. USA, Tanzanta, Ethtopia, India, Botswana, latin America. kenya. SUdan. 
Sep USA. Tanzania, Ind'a, Pakhtan, Yemen. Costa Rica, Uruguay, Niger. 
Oct Thailand, Canada, India, South Africa, USA, Italy, Ecuador, Guinea Bissau, Nfger, Ftjt, England, 

Hali, HDrocco liberia, Australia, Chtle, Venezuela, Peru, Argentina, Uruguay. 
Nov USA, Guinea BIssau, liberia, Italy, Tanzanta, Ztmbabwe, Costa Rfca, Switzerland, Israel, Brazil 
Dec Upper Yalta, Uruguay. USA. Ethiopia, Qatar, Israel, Costa Rica. £1 Salvador, Tanzlni~ 

Indonesta. Malawt. Mexico, Peru, Colombia. 
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Requests to OWRC for assistance during 1984. This table does not include requests to DWRC 
biologists stationed at field stations in Haiti and Bangladesh. 

Months 
iype of request or act.lvity Jan t feb Mar· Apr May Jun Jul Aug Sep Oct Nov Oec Total 

Information on International Programs 2 1 1 0 0 0 0 1 2 2 0 2 11 
_ilerature or information on research 

and crop protection methods 12 9 8 5 4 4 4 8 3 10 5 5 77 
Kaduate schoo1 inquiries 2 0 0 0 0 0 0 1 0 0 0 0 3 
lorkshops/symposia/~onferences 0 0 0 0 0 0 0 1 0 0 0 0 1 
laterials/photographs 0 0 0 0 2 2 3 0 0 0 0 3 10 
·OY's/visits/project requests 4 4 5 5 4 2 6 6 0 5 5 3 49 
liring possibilities 0 1 2 0 1 0 0 2 1 0 0 0 7 
nternational or visitors to OWRC 0 0 4 7 1 2 2 4 1 4 0 1 26 
·unding 0 0 0 0 0 0 0 0 0 0 0 0 0 - -
OTl\l 20 15 20 17 12 10 15 23 7 21 10 14 18i1 

.-iginating countries: 
Jan 

Feb 

Mar 

Apr 

Hay 
Jun 
Jul 

/\ug 

Sep 
Oct 

Nov 
Dec 

Argentina, Aus tra 1t a, Oraz t1, Cos ta Rica, Egypt, E1 Sa 1 vador, Indl a, Jama i ca, Kenya, Hex i co, 
Morocco, Niger, South Africa, Sudan, USA, Upper Volta. 
Austral ia, 8011via, Cameroon, Costa Rica, Guatemala, Honduras, India, Italy, Ivory Coast, Mal i, 
Mexico, Peru, Tanzania, USA, Upper Volta. 
Bangladesh, Brazil, Ecuador, France, lIaiU, Honduras, India, Italy, .Kenya, Mexico, Puerto Rico, 
Tanzania, USA, Vietnam, Virgin Islands, Zambia, Zimbabwe. 
Grenada, Guatemala, India, Nepal, Philipptnes, Poland, Somalia, Sri lanka (Maldives), USA, 
Zimbabwe. 
~ustralia, Bangladesh, France, Ireland, Kenya, Nepal, Pakistan, Philippines, Switzerland, USA. 
Bangladesh, Chile, "aitl, Kenya, Neral, Pakistan, Philippines, United Kingdom, USA, Venezuela. 
East Africa, West Africa, Austra ia, Bangladesh, Costa Rlca, Ecuador (Galapagos), France, 
J~nduras, Indonesia, Montserrat, Pakistan, PhilippInes, USA, Venezuela, Zimbabwe. 
South Africa, Bangladesh, Canada, Costa Rica, Ecuador, Egypt, Germany, HaHI, Honduras, India. 
Israel. Japan, Kenya. Philippines, Sri lanka (Maldives), US/\, Venezuela. 
8razil, France, Philippines, Sri lanka, Tanzania. 
Argentina, Bangladesh, Colombia.· Ecuador, Guatemala, Indonesia, Malaysia, Morocco, Nepal, 
Nicaragua, Pakistan, Philtppines, Sri lanka, S",itzerland, USA, Venezuela, Zimbabwe. 
Barbados, Ethiopia, Morocco, Kenya, Senegal, Somalia, Spain, Sudan, Tanzania. 
Costa Rica, Ethiopia. Haiti, Iran, Kenya, Malawi, Nlger·la. Sudan. 
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ESTIMATED REPLACEMENT COSTS 
DENVER FACILITIES AND EQUIPMENT 

~uilding 
1ajor laboratory equipment 
:omputers, printers, etc. 
~ehicles, boats, etc. 
1ajor office equipment 
.ibr~ry holdings 
)utside animal holding 

pens and parking areas 

Total 

$ 9,000,000 
5,000,000 

500,000 
300,000 

1,000,000 
1,000,000 

1,000,000 

$1',800,000 
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DENVER WILDLIFE RESEARCH CENTER 
RESEARCH PUBLICATIONS OF INTERNATIONAL PROGRAMS 

1. Alfonso, P. J. t and J. P. Sumangil. 1970. Control of ricef~e'd rats. 
Chapter 15. Pages 20~-211 in Rice Production Manua1. University 
of the Philippines, College-of Agricu1ture. 

2. Alv101a, P. L. III, F. F. Sanchez, and E. A. Benigno. 1973. Notes on 
the feeding habits of three species of Philippine weavers of the 
genus Lonchura. Kalikasan (Phi'ipp. J. Biol.) 2:149-153. 

3. Barbehenn, K. R., J. P. Sumangil, J. L. Libay, and M. W. Fall. 1972. 
Distribution of agricultural rodent pests in the Philippines. 
Proc. Pest Control Counc. Philipp. 3:58-59. 

4. Barbehenn, K. R., J. P. Sumangil, and J. L. Libay. 1973. Summary of 
Philippine rodents collected from February 1969, through December 
1971. Rodent Research Center, College, Laguna, Philippines. 7 
pp. 

5. Barbehenn, K. R., J. P. Sumangil, and J. L. Libay. 1973. Rodents of 
the Philippine croplands. Philipp. Agric. 56:217-242. 

6. Bullard, R. W., and R. D. Thompson. 1977. Efficacy and safety of the 
systemic method of vampi re bat control. Intercienci"a 
2 (3) : 149-152. 

7. Benigno, E. A. 1972. Estimating population parameters of the 
ricefield rat (Rattus rattus mindanensis Mearns). Unpublished 
M.S. Thesis, V~lverslty o~~e phll,pplnes at Los Banos. 49 pp. 

B. Besser, J. F., J. W. De Grazio, and K. H. Larson. 1970. The 
dicKcissel--a problem in ripening grains in Latin America. Proc. 
5th Bi rd Control Semi n., Bow1 i ng Green, Ohi 0, 5: 141-1·13. . 

9~ Bu11ard, R. W. 1970. Variation cf chemical concentration in surface­
coated and tabl eted grain bai ts.. J. Wil d1. Manage. 34 :925-929. 

10. Bullard, R. W., G. HQ1guin. and J. E. Peterson. 1975. Determination 
of ch10rophacinone and diphenadione residues in biological 
ma te~i a 1 s. J. Agri c. Food Chem. 23 (l ) :72-74. . 

11. Bullard, R. W., J. E. Peterson, and S. Holguin. 1971. Determination 
of chlorophacinone in blood plasme by gas-liquid chromatography 
or LN spectrophotometry. 27th Annu. Southwest Reg. Meet. Am. 
Chern. Soc., San Antonio, Texas, 27:14. (Abstr.) 

12. Bullard, R. W., and S. A. Shumake. 1973. Food temperature preference 
response of Oesmodus rotundus. J. Mammal. 54(1):299-302. 
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13. Bullard, R. ~., S. A. Shumake, and G. Holguin. 1972. Fingerprinting 
rat preputial gland exudate. 28th Annu. Southwest ~eg. Meet. Am. 
Chern. Soc., Baton Rouge, Louisiana, 28:20. (Abstr.) 

14. Bullard, R. W., R. D. Thompson, and S. A. Shumake. 1972. Response of 
vampire bats (Desmodus rotundus) to blfactory stimuli. 3rd Annu. 
N. Am. Symp. on Bat Res., san Diego, California. (Abstr.) 

15. Burns, R. J. 1970. Twin vampire bats born in captivity. J. Mamma'. 
51:391-392. 

16. Burns, R. J. 1972. Crecimiento y denticion del murcielago vampiro 
(Desmodus rotundus) en cautiverio. Tecnica Pecuaria en Mexico 
20:33-37. 

17. Burns, R. J., and R. F1oresCrespo. 1975. Local movement and 
reproduction of common vampire bats in Colima, Mexico. Southwest. 
Nat. 19(4):446-449. 

18. Elias, D. J., R. D. Thompson, and P. J. Savarie. 1978. Effects of the 
anticoagulant diphenadione on suckling calves. Bull. Environ. 
Contam. Toxicol. 20(1}:71·78. 

19. Caudill, C. J., and S. E. Gaddis. 1973. A safe and efficient handling 
device for wild rodents. Lab. Anim. Sci. 23(5):685-686. 

20. Corner, G. W., and E. W. Pearson. 1972. A miniature 30-MHz collar 
transmitter for small animals. J. Wild1. Manage. 36:657-661. 

21. De Graz;o, J. W. 1970. The problems of birds as pests (book review). 
J. Wildl. Manage. 34:479-480. 

22. De Grazio, J. W., and J. F. Besser. 1970. Bird damage problems in 
Latin America. Proc. 4th Vertebr. Pest Conf., DaVis, California, 
4:162-167. 0 

23. De Grazio, J. W., and J. F. Besser. 1974. Wild birds eat millions of 
dollars. World Farming 16(10):14. 

24. Elias. D. J •• and D. Valencia G. 1973. Control de roedores en el 
cocotero. In leA Informa No. S. Instituto Colombiano 
AgropecuariO; Bogota, Colombia. 

25. Elias, D. J., and D. Valencia G. 1973. Evaluacion y control de dano 
de roedores en coco en Colombia I-IV Partes. Agricultura de las 
Americas: Una publicacion tecnica de Colombia para las Americas. 

26. Fall, M. W., A. B. Medina, and W. B. Jackson. 1971. Feeding patterns 
of Rattus rattus and Rattus 0xulans on Eniwetok Atoll, Marshall 
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