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ABSTRACT
 

During 1976, Rodent Research Center personnel engaged in control
 

method evaluation3, development of damage assessment methods, and
 

biological and toxicological studies related to development of control
 

methods of pest rat and bird species. Filipino staff changes included
 

the addition of one field technician, and the resignation of one field
 

technician for a different professional position. Training continued
 

at the Center, with over 3000 individuals, mostly Filipino agricultural
 

technicians, extension agents and key farmers, receiving classroom or
 

field courses in rodent control from Center personnel. In addition,
 

six Center-affiliated scholars continued M.S. degree work and four
 

continued Ph.D. degree work ot the University of the Philippines at
 

Los Bafios. Use of sustained baiting with chronic rodenticides, a rat
 

damage reduction procedure that includes innovations developed and
 

tested at the Center,was encouraged by the Government of the Philippines
 

through its national rice production program, Masagana-99, and its
 

national rat control programs for non-Masagana-99 areas. Implementation
 

included massive training of extension officers and education of farmers
 

in current control methods. Preliminary surveys in target areas indicated
 

that farmers who followed these recommendations were able to successfully
 
protect their crops from serious rat damage.
 

Studies were continued on the effectiveness of modified sustained
 

baiting procedures in reducing rat damage to crops other than rice.
 

In coconuts, a method was adapted in which bait is placed monthly in
 

tree crowns. 
 Damage dropped to low levels in treated plots and remained
 

low during 24 months of evaluation. Cost/beneflt averaged 1/24 during
 

the second year, when detailed records of copra values were maintained.
 

In a comparative study, both ground-baiting and crown-baiting with
 

anticoagulant rodenticides reduced rat activity and damage, but crown

baiting was more effective and cost less. These results may, in part,
 

be explained by the findings from n study of rat movements between
 

ground level and the tree canopy In a coconut grove. In this study,
 

using a tetracycline marking agent, Rattus rattus mindanensis, R. exulans,
 

and R. arkentiventer were present at the ground level, but only !I.K.
 
mindanensis and R. exulans in tree cLowns; movement of R. argentiventer
 

from ground level to the tree canopy appeared severely restricted or
 
absent. In a study comparing sizes, weights and copra contents, coconuts
 

from an area with no rat control yielded slightly, but significantly,
 

more copra than those from an area which had received effective rodent
 

control for twenty-one months. Partial compensation by trees for heavy
 
rat damage may have occurred in the untreated plots, but compensation
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was insufficient to decrease 	significantly the economic benefits
 

which were gained by following the baiting programs. 

In corn, a method was tested 	which followed closely the procedure 

in rice. In three, 2-hectare treatedrecommended for damage reduction 

plots, damage averaged 8A% less than in three reference plots with 

Two were developmentmodest economic benefLt. studieo aimed at the of 
compare reliability,a reliable means of assessing rat dnmage to corn. To 

three sampling methodfi were simulated oii distributional maps of rat 

damage In two cornfields. A systematic method was least variable but 

random method was most accurate; ;i random-clumped method was mosta 
and its weightvariable and least accurate. Area of undamaged corn 

with a single linearwere highly correlated (r - 0.96, P < 0.001) 


equation, a relationship which when combined with an accurate sampling
 

method, might be used to estimate direct corn looses to rats in the
 

field.
 

Studies were continued on means of reducing rat damage to rice. 

in a trial conducted near the Chico River in Nueva Ecila, the sustained
 
site (which
baIting mthod effectively protected a 100 hectare bating 


was adjacent to marshland, the last of 1900 hectares to be harvested,
 

most difficult situntlons for protection
and represented one of the 

rat
that is encountered in Ihillippine rlcef telds) from serious damage, 

at low cost, and w. th potentially h4gh economic return. In an 

investigation of the operational charateristics of a non-lethal 

of rats from ricefield, non-lethalelectric 	 barrier for exclusIon 

provided comparable or betto r protection to three, one-quarter
barriers 

need for 	ahectare ricefield plots than lethal barriers, without the 

night crew to remove electrocuted animals and without the need for 

daily battery recharges. in a study of rat movements in relation to 

rice culture, adult rats appeared to move preferentially out of fields 
of development.being harvested and Into fields at earlier stages 

In a study of bird damage An small, ricefield plots at hard dough
 

stage, damage waB significantly !,reater alon, the shortest edges than
 

along the othfir edges and inside the plots. In a study on reproductive
 
season
behavior, Lonchurn malacca appeared to have a bimodal breeding 


site. In an acute oral toxicity trial, methamidophos was
at the study 
more toxic than carbofuran to I_. punctulata, but considerably less toxic 

I. maacc , and Passer montanus.than carbofuran to L. l.euco;IasteL, 

ricefield trial, both methyl carbamate and fenthion
In a small-scale 

to provide some protection from bird damage., but additional,appeared 
confirm these results.
 more detailed studies are required to 
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INTRODUCTION
 

a
The Rodent Research Center was established in June, 1968, as 


joint undertaking of the Government of the Philippines (GOP) and the
 
The GOP
United States Agency for International Development (USAID). 


is represented at the Center by personnel from the Bureau of 
Plant
 

Industry and the University of the Philippines at Los Bafios (UPLB).
 

Additional support and cooperation are furnished by the National
 

Economic and Development Authority, the National Food and Agricultural
 

Council, the National Science Development Board, the Philippine Council
 

for Agricultural and Resources Research, and the Philippine Atomic
 

Energy Commission. USAID is represented by personnel from the Denver
 

Wildlife Research Center of the Department of Interior, U.S. Fish 
and
 

Wildlife Service. 
The Center's activities are determined with the
 

a Board composed of a senior member of each of the cooperating
advice of 

agencies.
 

was
 

established on the campus of the UPLB by Presidential Decree No. 936.
 

This Center, along with seven affiliated regional centers, will have
 

primary responsibility for the research, development and dissemination
 

In May, 1976, the National Crop Protection Center (NCPC) 


At the first
of integrated crop protection systems for the country. 


Advisory Board meeting of the NCPC, held in November, the Rodent Research
 
Although the NCPC
Center was incorporated as a unit within the NCPC. 


is still in the early stages of development, we look forward to this
 

a positive step toward meeting the crop protection needs
association as 


of the farmer.
 

'rogram and Facilities
 

The programs of the Rodent Research Center are aimed at the goal
 

of reducing vertebrate damage to agricultural crops in the Philippines
 

and other countries of Southeast Asia. To help achieve this goal, the
 

overall program has emphasized not only adaptive research and control

methods evaluation, but also the development of a technical backstop
 

capability to advise regional plant protection agencies and a training
 

capability to encourage rapid use of new findings. During the year,
 

backstop activities have included trouble-shooting visits to specific
 

problom areas, species identifications, advice to agencies on the
 

organization of damage evaluation surveys, control programs, and
 

adaptive research plans, and limited data analysis for agencies involved
 

in cooperative programs. Current research has become more directly
 

focused on field evaluation of control methods on Philippine pest
 

species, while training has assumed increasing importance at the Center.
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St'af f 

The Center staff includes six 
biologists and two field technicians
 

of agricultural biology,
 
whose aggregate training covers 

the areas 


ecology, physiology, control methods 
evaluation, mammrlogy, ornithology,
 

Eleven additional
 
wildlife management, biometrics 

and entomology. 

personnel by participating 

are assigned as full-time support
staff members 3 monthsspent almostfrom Nigeria,

Mr. Thaddeus A. Obadoni,agencies. 

the Center. 

as a participant staff member 
of 


Mr. Danilo C. Sanchez, USATD 
technician, left the Center for 

a
 

Mr. Pablo P. Ocampo joined
 
research assignment with CARE 

in March. 

in April.a USATD technicianthe Center as 

Research 

of the sustainedthe effectivenessconducted on
In rice, a trial was 

to rats in one of the
 
baiting program in protecting fields from losses 


in the Philippines.to occurdamage situationr, known 
most difficult 

the operational characteristics 
of non-lethal
 

continued on
Studies were on thewas obtainedinformationand preliminaryelectric barriers, In coconut, ato rice culture.rats in relationmovement patterns of 
the effectiveness of crown-baiting 

with chronic
 
two year evaluation of 
 of crown-baiting were
 

completed, the effectiveness 
and costs 


toxicants was rats between tree 
the movement patterns of 

with ground-baiting, wascompared informationand preliminarywIN studied,and the ground level ofcrowns content 
the relationship between rat damage and copre 

obtained on of aon the effectivenesswas conducted 
coconuts. In corn, a study 

rat damage, preliminary information 
method in reducingsustained baiting methads in estimatingof three samplingon the reliabilitywas obtained ears as adamage on individualuse of area of 

rat damage and on the 
(weight) to rats. 

parameter for predicting corn loss 

domestic chickens was
 
The acute oral toxicity of warfnrin to local, 


toxicity and repellency
on 

also determined, and studies 

were continued 

Studies were
 

of several chemicals to Philippine pest bird species. 


the biology and damage behavior 
of several bird species.
 

continued on 

Training 

Training activities were aimed 
toward up-dating the knowledge 

of
 

a more limited
 

vertebrate pest control of 
extension technicians, and 

to 


the research methudology for
 
extent, toward providing experience 

in 


professional vertebrate biologists 
in the Philippines and other 

countries
 

Again, several hundred visitors 
from many countries
 

of Southeast Asia. 
 given assistance in planning 
rodent
 

were briefed on Center activities, 
or 


Center st-aff members participated 
in the
 

research programs.
control or 


training of more than 3000 
agricultural extension personnel 

from the
 

Bureau of Plant Industry, Bureau 
of Agricultural Extension, 

Philippine
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National Bank, Agricultural Credit Administration, 
National Food and
 

Sessions on rat control
 Agricultural Council, and other agencies. 


were presented in agricultural production workshops 
held at IRRI and
 

UPLB. One research trainee from Nigeria spent almost three 
months
 

variety of on-going research programs
a
at the Center participating in 

a project proposal for presentation to
 and working independently on 


staff continued their pursuit of Ph.D. 
his parent organization. Three 

the others with UPLB's reduced feegrant,degrees, one under a PCAR 
privilege. Six additional students, who are working for their 

M.S.
 

and one for his Ph.D. at tihe UPLB, completed their formal
degrees 

and began their thesis research projects at the Center.
coursework 
Several staff members taught or participated in teaching courses in
 

Vertebrate Pests, Experimental Design, and Wildlife 
Management at
 

UPLB, while others served as graduate advisers for studies in Applied
 

Zoology. 

International Activities
 

The Center Director was nominated as the invitational speaker for
 

the 1976 Annual Meeting of the Entomological Society 
of America, held
 

In his keynote address,
in Honolulu, Hawaii, in November-December. 


Director Sanchez summarized the current status of rice 
pest management
 

He later attended a conference, co-sponsored by
in the Philippines. 

the East-West Food Institute and the University of 

Hawaii, on the
 

Earlier in the year he had attended a
 Impact of Pesticide Laws. 


conference in Hawaii on the Consolidation of Crop Protection 
Courses
 

the training needed by the pest management
and presented a paper on 


specialist. 
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Previously plagued by chronic and severe damage, this farmer has
 

lost only negligible amounts of rice to rats since he began using
 

the sustained baiting program in early 1974.
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Crown-Baiting in Coconut Trees using-Anticoagulant
 
Rodenticides to Reduce Rat Damage
 

Introduction 

Rat damage to growing coconuts has been a serious problem in
 

the Philippines where it is frequently both chronic and severe.
 

Damage occurs at all stages of growth and may be subject to seasonal
 

changes in intensity when groves are adjacent to harvested crops 

such as corn, rice, or sugarcane. Banding and ground-baiting with 

acute or chronic toxicants are often used for rodent control in
 

plantation areas, but small farmers are often unaware of rat damage 

and use no control at all. Studies of these control techniqui.s which 

have been conducted in the Philippines and elsewhere usually indicate 

good results, but cost factors are typically high. Recently, experi

mental work in Colombia indicated that crown-baiting could be used 

to good advantage for short-term damage reduction (Woronecki at al., 

Elias, 1973). This study was designed as a preliminary test1973; 
trees asof crown-baiting in the Philippines, using the individual 

the unit of evaluation and realization of long-term damage reduction 

as the principal objective.
 

Portions of this study were supported by the BPI office at Calapan, 

The study was begun in March 1975, and is still continuing;Mindoro. 

this report summarizes data through March 1977. 

Materials and Methods
 

A 150-hectare site with a history of chronic rat problems was
 

selected at Barrio San Gelacia, Victoria, Mindoro Oriental. Coconut
 

trees are native varieties, 10-25 years old, from 15-20 meters tall.
 
chosen.Four plots (numbered i-4), each I hectare with 100 trees, were 

(Plots 1 and 3) were randomly
During the first year of the atudy, two 


assigned as treated plots while the remaining two (Plots 2 and 4) 
year of thewere designated as reference plots. During the second 

study, all plots were treated. Plots are separated by at least 150
 

meters and are at least 200 meters from the nearest edge of the 

coconut grove. A slough transecti the grove, surrounds Plot 4 on 

three sides and Plot 1 on one side, and separates this plot from a 

small calamansi (citrus) plantation. A second slough borders one
 

side of Plot 2. Both sloughs, and their weedy banks, however, art
 

separated from the experimental plots by at least several rows of
 

chosen because tree varieties,
coconut trees. The plot sites were 
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are similar,
 
ages, surrounding habitat, and crop 

management practices 


and because records maintained by the 
farmers indicated similar
 

levels of nut production and rat infestation 
in the past.
 

detailed
trees were randomly chosen. for 
In each of the plots, 25 


These trees were numbered 1-25 in Plot 
1, 26-50 in Plot 2,
 

studies. 

In the treated plots, a
 

51-75 in Plot 3, and 76-100 in Plot 
4. 


single packet of poisoned bait waL 
placed in the fronds of every
 

numbered tree each month; i.e., 25 of the 100 trees in each treated
 

plot were baited. Packets consisted of 0.025% warfarin 
mixed with
 

binlid and placed in small plastic 
bags. Packets were placed in
 

or by using a long
collecting data)
trees by climbers (who were 
 The amount of
 
No baits were used in reference plots.
bamboo pole. 


bait placed in each packet was adjusted 
to roughly correspond with
 

consumption, so packet sizes ranged 
from 100 to 200 grams (Table 1).
 

was used in Plots I and 3 during the 25 kg of baitA total of 175 

months of treatment, or 3.5 kg per month per 

plot; in Plots 2 and 4,
 

a total of 75 kg of bait was used during 13 months 
of treatment, or
 

2.9 kg per month per plot.
 

Twenty-five rat traps were set in each 
plot for 3 nights prior 

to baiting to determine species composition. 
Relative levels of
 

rat activity were determined monthly 
by placing inked tiles at the
 

base of 24 randomly selected coconut trees 
in each plot for 3
 

consecutive nights and recording the number 
of tiles with rodent
 

tracks. 

Before baiting, all fallen nuts were removed 
from the plots.
 

Thereafter, monthly records were kept on 
the numbers of fallen nuts
 

under each numbered tree. 
(damaged and undamaged) in each plot and 

removed from the areas after they
 To avoid errors, fallen nuts were 


were counted.
 

The farmer had kept careful records on individual tree production
 

for his entire farm, including the study plots, since July 1973. 

as accounts of nut production and to determine 
He used these records 

of treatment, we recorded 
wages for harvesters. During the period 

of the numbered trees and from 
the number of nuts harvested from each 

each of the plots. In addition, we maintained harvest records for
 

a numbered tree to determine if effects extended
 each tree north of 

Other economic data are also being
beyond trees containing bait. 


collected and will be presented at the end of 
the study.
 



The amounts of bait placed in tree crowns in experimental 
coconut plots near Victoria, 

Table 1. 

Mindoro, from March 1975 throughMarch 1977.
 

Plot 4
Plot 3
Plot 2
Plot I 
 Total
Total Bait/ Total Bait/

Month Bait' Total Bait! 

Packet Used
 
Used Packet Used Packet Used
Packet 


(kg) (g) -(kg) (g) (kg)
(g) (kg) (R) 


200 2.5
-2.5 Mar'75 100 

- .00 5.0-Apr'75 200 5.0 - 
- 200 5.0 -
May'75 200 5.0 

- 
- 200 5.0

5.0 200
Jun'75 
- 200 5.0 

5.0 200 Jul'75 
- 20C 5.0 -
Aug'75 200 5.0 
- 150 3.75 - 

3.75 Sep'75 150 
- 150 3.75 

3.75 Oct' 75 150 150 3.75 -150 3.75 Nov'75 - 150 3.75
-150 3.75 Dec'75 - 
- 150 3.75 


150 3.75 Jan'76 
- 150 3.75 

150 3.75 Feb'76 
 3.75
3.75 150
3.75 150
150 3.75 150
Mar'76 
 3.75
3.75 150
150 3.75 150
150 3.75
Apr'76 3.75
150 3.75 150 

May'76 150 3.75 150 3.75 


2.5 100 2.5
2.5 100
2.5 100
Jun'76 100 
 2.5
2.5 100
100 2.5 100 

Jul'76 100 2.5 
 2.5
100 2.5 100
100 2.5

Aug'76 100 2.5 2.5
100
100 2.5 

Sep'76 100 2.5 100 2.5 


2.5 100 2.5

100 2.5 i00 


Oct'76 100 2.5 
 2.5
l0 2.5 100
100 2.5

Nov'76 100 2.5 

100 2.5
2.5 100 2.5
2.5 100
Dec'76 100 

2.5 100 2.5
2.5 i00
2.5 100
Jan'77 100 2.5
100 2.5 100
100 2.5


Feb'77 I00 2.5 3.75
150 3.75 150
150 3.75
3.75
Mar'77 150 




-9-

Results and Discussion
 

1975), Rattus rattus
 
As described earlier (Sanchez et al., 


pretreatment

taken most commonly (49%) during tie 
mindanensis were 

followed by an almost even distribution 

of Suncus
 
trapping period, 

(17%), and R. exulans (14%). Since 
murinus (20%), R. arentiventer 

do not know or assume
 
all traps were placed at the ground level, we 

the tree canopy, norof rats occurred in
that the same distribution 

damage nut;. Since crown-baiting resulted 
can we deduce which species 

the ground level,
 
in an almost complete reduction of rat activity 

at 

between rats atconsiderable movement 

we can conclude that there was 
and levels.the ground canopy 

was similar in all
 
Rat activity, as indicated by tracking tiles, 


31%, treated vs reference 
the onset of the study (27% vs 


plots at By the second month after baiting, 
plots respectively; Figure 1). 


and 3) had dropped to a negligible
activity in the treated plots (I 

level and remained tow thereafter. In contrast, rat activity in the 

plots (2 and 4) i1ncreased during the rainy season (4-7
reference 

in treated plots; by the sixth mouth, 
months after baiting began the 

witlh
 
60% of the tiles were tracked), then returned to lower levels 


baiting the reference plots
the onset of the dry season. We began 


month of the study. Ra.t activity rose after the
 
on the twelfth 

similar to those 
first month of baiting, then dropped to levels 

(compared to pretreatmentother plots and remained lowobserved in the 
alt. plots was observedA rise in rat activit~y in

levels) thereafter. 
this coincidedtwo months of the reporting period;during the last 

areas surroundingcamote and ricefield crops inwith harvest ing of 
might have been due to immigration of rats 

the coconut groves and 
increased from 

from these areas. In response, bait packets have been 


rat activity will be followed for the next year

100 to 150 grams and 

on the long-term effects of sustained baiting
to continue observations 
in coconut crowns. 

(.1and 3)nuts in the treated plots
Numbers of fallen, damaged 

a similar to rat activity; i.e., by the second 
decreased in manner 

nuts had reached a negligible level 
month, numbers of dropped damaged 

2). In reference plots (2 and 4),
and remained low thereafter (Figure 

fallen, damaged nuts ,it the beginning
there was a sharp increase in 

of 8 to 44 per month at 5 months 
of the rainy season (from averages 


then a return to lower levels
 
after baiting in the treated plots), 

inafter baiting was initiated 
during the dry season. Three months 

these plots (fifteenth month of the study), 
numbers of dropped, damaged 

remained low thereafter. 
nuts had reached a negligible level and 
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Figure 1. Rat activity in four coconut plots, each one hectare with
 

one hundred trees, near Victoria, Mindoro Oriental. Plots
 

1 and 3 were treated and Plots 2 and 4 were reference plots
 

during the first year; all plots were treated during the second
 

year. For treatment, twenty-five trees in each plot were
 

crown-baited monthly with anticoagulant rodenticides; reference
 

plots were not baited.
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Number of fallen nuts in four coconut plots, each
 

one hectare with one hundred trees, near Victoria,
 
Mindoro Oriental. PLots 1 and 3 were treated and
 
Plots 2 and 4 were reference plots during the first
 
year; all plots were treated during the second year.
 
For treatment, twenty-five trees in each plot were
 

crown-baited monthly with anticoagulant rodenticides;
 
reference plots were not baited.
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The total numbers of [allen nuts, including those obviously
 

damaged by rats and those not obviously damaged, generally followed 

the same patterns as thL damaged, fallen nuts with three exceptions: 

relative increases in fallen, undam'iged nats occurred during the 

eighth through the twelfth and the twentieth through "lhe twenty-fourth 

months of the 6Ludy. In both cases, the increec wes luring November 

through March but the causet , are uniknownii, Typhoon Didang, an usually 

strong tropical storm, swept througi the PlhilJpines in1MIy, 1976 

(fourteenth month of the study), amd its di'alcmtic effect on numbers 

of fallen, undamaged nuts in ,-hown in Figure 2. 

During the period of tit"zdy reported hre. there were seven post

treatment harvests Lor Plots I arid 3, and [our post-treatment harvests 

for Plots 2 and 4. For numbered trees in Plots 1 and 3, harvests 
(nuts per month) during treatment averagd about 2.5 timetf the last 

pretreatment harvest; in Plots 2 and 4, harvests during treatment for 
numbered trees averaged about 2.2 times the four pretreatnent harvests. 

North trees followed the same pattern as tli numbare(2 trees, only 

differences were less accentuated (filereaue of 1.9 times pretreatment 
levels; Figure 3).
 

Harvested nuts from entire plots for pretreatment and post-treatment 

harvests are presented in Figure 4. Ln Plots I and 3, six pretreatment
 

harvests (20 months) are coimpared with seven harveuts during treatment 

(24 months). In Plots 2 and 4, nine pretreatment harvests (31 months) 

are compared with four harvests during treatment (13 months) . In Plots 1 

and 3, pretreatment harvest leveo averagad 2.92 nuts per tree per month, 

or about 2.5 times greater than .-he prctratw.nt lev\ei.s. In Plots 2 and 

4, pretreatment harvest levelp averaged 2.57 nut,,i per tree per month, 
while post-treatment levels w,ere 6.0!, lttJ per tree per wonth, or about 

2.35 times greater than the pretreatiment Ievel.3, W e expect that the 
level of harvest in Piots 2 and 4 will. increa;e e',e- more relative to 

pretreatment levels, because. the.re -rilc.ulation.j include the three 
months lag period between initiation of tieatrr:it rin measured effects 

of the treatment. Thu.,, "t appears that' a :e,-ral increase of about 2.5 

times the pretreatment harvest l.evels is a r:easonabl' etimate of 
benefits in each of the experimental plotti. The increases in aut 
production observed for the etire plots are consisLeILt with those 
measured for indivIdual numbered end north trees within the plots during 
the periods of treatment. 

Since the baiting program was the only major change associated with 
coconut tree management in the plots, we concliide that most of the 
increase in nut production was a direct or indirect consequence of the
 

reduced effects of rats. Since the effects of treatment have been
 
maintained for a period of two years in the plots treated initially,
 

http:prctratw.nt


pitas I Ond 3 
o Nuts harvgsted from numered tree, 

e Nb-5 harveeSd from rwborad trees, pkos 2 and 4 

t0 3: oZ ¢L S6 7 8 9 z ; 

F MU! A 5 0 N D d 
M A M J J A 5 0 N 0 d F M A M J 

Months After Initiation of Study
 
(Month)
 

Nuts harvested from 25 numbered coconut 
trees and nearest trees north of numbered 

one
 

Figure 3. Plots 1 and 3 were treated and Plots
 
in four plots near Victoria, Mindoro 

Oriental. 


2 and 4 were reference plots during 
the first year; all plots were treated 

during the
 

For treatment, numbered trees were 
crown-baited monthly with anticoagulant
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Figure 4. 	Nut production in four study plots near Victoria, MKindoro Oriental.
 
Plots 1 and 3 were treated and Plots 2 and 4 were reference plots
 
during the first year of the study; all plots were treated during
 

the second year. For treatment, twenty-five trees in each plot were
 

crown-baited monthly with anticoagulant rodenticides; reference plots
 

were not baited. Harvests during treatment are compared with pre
treatment harvests.
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we also conclude that the use of this method has the potential 
of
 

providing long-term relief to coconut damage by rate.
 

The economic value of individual coconuts in the Philippines
 

varies greatly with supply and demand which makes it somewhat
 

difficult to estimate the potential economic benefit of the 
procedure.
 

O.40 for each coconut. In 1974, values 
In 1973, farmers earned about 


low as VO.15 per nut. Monthly values of copra'

ranged from V1.20 to as 


for 1976 and part of 1977 are presented in Table 2. 
In Plots I and 

we used abnut 3.5 kg of bait per plot per month and 
in Plots 2 and 

3, 

4, during their period of treatment, we used about 2.9 kg 

of bait per
 

plot per month at a cost of about V7.50 (VO.075 per tree per month)
 

and V6.60 (YO.066 per tree per monthOrespectively. If wages for labor
 
-- about 

are included (typically the farmer would do the work himself 


3-4 hours per month), the direct costs for monthly treatment 
of each 

tree would be about O.11 - YO.12. Based on these figures, the market 

value of copra, and assuming a 2.5-fold increase in coconut 
production 

as a consequence of the baiting program, we estimate that the farmer 
from the direct and indirect

gained about Y14,960 gross worth of copra 
four hectares of experieffects of the crown baiting program in the 

the period when all plots were treated. Totalmental plots during 
1O.12 per tree per month) at 

costs of control. are estimated (based on 

V624 during the same period, with an overall cost to benefit of about 

2, cost to benefit ratios calculated at each1/24. As shown in Table 

harvest period varied considerably (from 1/7.3 to 1/41.3), according
 

to the market value of the copra. 

We conclude from this preliminary study that sustained crown

baiting with chronic rodenticides provided effective protection from
 

the periods of treatment, with good
rat damage in all plots during 

economic return, and that the crown-baiting method has the potential
 

The
of providing long-Lerm reduction of coconut damage by rats. 

a cost of about VO.Ii - VO.12 per treemethod used in this study, at 


per month, is affordable to the small farmers, but tests should be 

conducted to determive the general applicability of the procedure in 

more of the diverse conditions under whl.ch coconuts are grown in the 

Future studies with different baiting schedules and
Philippines. 

placement patterns may further reduce the cost of the method.
 



Estimated economic benefits of crown-baiting 
in coconuts at study plots near Victoria,
 

Table 2. 

Figures are Lased on costs and benefits for 

four hectares.
 
Mindoro. 


Estimated Estimated 

Harvest 
Month, Year 

Harvest 
Period 
(Mo.) 

Copra 
/kg 

Value 
I/nut* 

Nuts Gross 
Harvested Value 

(Total, 4 plots) (M) 

Benefit 
Due to 
Rat Control (V)** 

Costs 
of 
Control 

Cost/ 
(I) Benefit 

Jul,'76 5 1.00 0.40 7320 2928 1757 240 1/7.3 

Oct,'76 3 1.80 0.72 8310 5983 3590 144 1/24.9 

Dec,'76 2 1.86 0.74 8255 6109 3665 96 1/38.2 

Mar,'77 3 2.70 1.08 9180 9914 5948 144 1/41.3 

Total 24,934 14,960 624 1/24.0 

• Assumes 2.5 nuts produce about 1 kg of 
copra (based on 171 nuts sampled over 2 harvests 

in treated
 

total 68.25 kg copra or 0.40 kg/nut)
plots: 


•* Assumes a 2.5-fold increase in nut production 
due to effects of rat control.
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Movement of Rats Between 'free Crowns and 
Ground Level
 

in a Coconut Grove
 

Introduction
 

a coion problem for Filipino farmers,Although rat damage is 


we have little information on the species causing 
damage or their
 

behavior in the coconut agroecosyotem. During a recent trial of
 

crown-baiting with anticoagulanto in study plots near Victoria,
 

Mindoro Oriental, we trapped for three nights 
prior to baiting to
 

the study plots. R. r. mindanensis
 
determine species composition in 
 argentiventer
 
was most common (49%), followed by S. murinus 

(20%), I 
However, all traps

(17%), and R. exulans (14%; Sanchez et al., 1975). 


so that actual distribution of rodent
 were placed at ground level, 


pests causing damage in tree crowiis could not 
be deduced.
 

nnd at ground

In this study, we trapped in both tree cro.ma 


levels to determine relative specios cozrposition 
in a coconut
 

d&termine movements of rats
 plantation, and used a marking agent to 


between tree crowns and the ground level.
 

Materials and Methods
 

Two study plots, each consisting of one hectare 
and about one
 

hundred trees and separated from each other by 300 
meters, were
 

selected within a coconut plantntioui having a long 
history of chronic
 

Plots had similar tree
 rat problems near Victoria, Mindoro Oriental. 


varieties, densities, and culturai ;,acticuD and 
appeared to have
 

similar levels of rat damage. 'ifty tracking tiles were placed
 

tree bases in etch plot for three consecutive nights
systematically at 


and numbers of tracked tiles ',erc recorded the following mornings to
 

determine the degree of similarot' u rot activity between plots at
 

The numbers c- ivilen nuts, damaged and undamaged,
the ground level. 

additional comparison of past
 were counted and recorded to provioe an 


histories of rat infestation between the plots.
 

Following collection of thio prcliminary information, one of the
 

plots (Plot A) was randomly oelected for baiting 
in tree crowns while
 

In Plot A, a
 
the other (Plot B) was designatcd for gruund baiting. 


single plastic packet containing 100 grams of polished rice with 0.5%
 

was placed in the crown
 
tetracycline hydrochloride (TC; marking agent) 


In Plot B, 50 coconut husk bait
 of each of 50 randomly selected tree, 


stations were assigned to the bases of 50 randomly selected trees, and
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4ning 100 grams of polished rice with 0.5% TC
 a single packet conta

Baiting was conducted simultaneously
was placed in each bait station. 


in both plots for one week. After baiting, the unused bait was
 

collected, air dried, and weighed to determine bait consumption 
in
 

Then trapping was conducted for three consecutive nights
each plot. 

For Plot A,


using fifty traps randomly assigned to trees in each plot. 


which had been crown-baited, traps were placed near base 
of trees at
 

In Plot B, the traps were placed in tree crowns.
the ground level. 

Rats caught were identified, and their mandibles were removed, 

brought
 

to the laboratory and exposed to UV light to determine the 
presence
 

or absence of TC marking agent.
 

Results and Discussion
 

Based on our tracking tile data and the numbers of fallen, 
rat
 

damaged nuts, levels of rat activity were similar in the study 
plots
 

in Plot A during the three
(Table 3). Positive tiles averaged 65% 

Likewise, we counted 62
days of measurement, and 69% in Plot B. 


fallen, rat-damaged nuts in Plot A and 70 in Plot B. However, bait
 

was almost twice that in the
 consumption at the ground level (Plot B) 


tree crowns (Plot A) during the one week period of exposure 
(3.0 kg vs
 

Because levels of rat activity in the study
1.6 kg, respectively). 

plots were similar, we suggest that this difference in 

bait consumption
 

represents a lower density of rats in tree crowns that at 
the ground
 

level.
 

A total of 67 rats were caught for 150 trap nights (45% trap
 

(Plot A), while only 11 (7.3% trap
success) at the ground level 

Again,


success) were collected in the tree crowns (Plot B; Table 
4). 


assuming similar levels of rat activity between the study 
plots, this
 

At the ground
suggests a lower density of rodents in tree crowns. 


level, R. r. mindanensis accounted for 64% of the total 
catch, while
 

R. exulans and R. argentiventer accounted for 19% and 16% respectively.
 

At the crown level, R. r. mindanensis also accounted 
for 64% of the
 

catch, while R. exulans-accounted for the remaining 36% and no R.
 

argentiventer were caught.
 

Of rats captured in PLot A, which had been crown-baited 
and ground

mindanensis and R. exulans, respectively,
trapped, 65% and 77% of the R. r. 


were marked with TC, while none of the 11 R. argentiventer were marked.
 

This again indicates an absence of R. argentiventer 
from the tree crowns.
 

All of the rats captured in Plot B, which had been ground 
baited and
 

prapped in the tree crowns, were marked with TC.
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Table 3. Rat activity at tree crowns and ground levels in 
two
 

coconut plots near Victoria, Mindoro Oriental. 
Each was
 

In Plot A, 50 packets
one hectare with about 100 trees. 


containing 100 g each of polished rice with 
1% tetracycline
 

hydrochloride (TC; marking agent) were placed in tree crowns
 

Plot B received the same treatment except
for one week. 

that packets were placed in individual bait 

stations at
 

ground level.
 

Rat Activity Plot A Plot B 

Number positive of 50 

tracking tiles (%): 

Day 1 
Day 2 
Day 3 
Average 

32 (64) 
32 (64) 
34 (68) 
32.6 (65) 

36 (72) 
30 (60) 
38 (76) 
34.6 (69) 

Number of fallen coconuts: 

Damaged 
Total 

62 
138 

70 
112 

Bait Consumption (lg): 

Tree crown 
Ground level 

1.6 
_ 

-
3.0 
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Table 4. Movement of rats between tree crowns and ground level at
 
two coconut plots near Victoria, Mindoro Oriental. In
 
Plot A, bait containing a marking agent was placed in tree
 
crowns for one week followed by collection of rats with
 
50 snap traps for 3 consecutive nights. Numbers of each
 
species collected and numbers of marked individuals were
 
recorded. In Plot B, bait was placed at ground level
 
followed by trapping in tree crowns.
 

Rattus rattus Rattus Rattus
 

mindanensis exulans argentiventer
 

Plot A (crown-baited; ground-trapped)
 

No. Trapped 

Day 1 28 4 6 
Day 2 12 6 4 
Day 3 3 3 1 
Total 43 13 11 

Number Marked 28 10 0 

Percentage Marked 65 77 0 

Plot B (ground-baited; crown-trapped)
 

No. Trapped
 

Day 1 3 1 0 
Day 2 3 2 0 
Day 3 1 1 0 
Total 7 4 0 

Number Marked 7 4 0
 

Percentage Marked 100 100 0
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We suggest from this information, taken collectively, that two
 

species, R. r. mindanensis and R. exulans, move actively 
between
 

the ground level and the tree crown, but that their relative 
densities
 

are lower in tree crowns than at the ground level and 
that movement
 

of R. argentiventer between the ground level and the 
tree canopy is
 

eit7her severely restricted or absent.
 

Based on the relative amounts of bait consumed and the 
proportions
 

tree levels, we further suggest that
 of marked animals at ground and 


crown-baiting may provide a more selective means than 
ground baiting
 

of reaching species and, perhaps, population members which 
actually
 

move into tree crowns and cause damage. From the standpoint of
 

operational rodent control and to the extent that results from 
this
 

study can be generalized, this may have the dual advantage 
of less
 

potential for undesirable ecological consequences by concentrating
 

control effects on individuals and species actually causing 
damage,
 

and of lowered bait consumption and control costs.
 



- 22 -


A Comparison of Ground-Baiting and Crown-Baiting Using Anticoagulant
 

Rodenticides to Reduce Rat Damage in Coconuts
 

Introduction
 

A variety of methods have been used or recommended for use by
 

farmers for reducing rat damage to coconuts in the Philippines,
 

ranging from metal or plastic bands placed around tree trunks and
 

sanitation of groves to the use of chronic or acute rodenticides
 

placed in bait stations on the grove floor. As in other crops, it
 

appears that small differences in control approaches can have
 

significant influence on their effectiveness, impact on non-target
 

organisms, and economic benefits, and it is reasonable to assume
 

that control approaches which most carefully account for the behavior
 

of rodent pests in the coconut agroecosystem will hold the greatest
 

promise for long-term success.
 

In a previous study (this Annual Report), we were able to show
 

that sustained crown-baiting with anticoagulant rodenticides success

fully reduced rodent damage in four experimental plots with good
 

economic return. Based on a preliminary study of movements of rats
 

between tree crowns and the ground level, we suggested that crown

baiting may provide advantages, both economic and environmental, over
 

the more traditional ground-baiting approaches. We report here the
 

results of a trial in which a small coconut farm with a long history
 

of chronic rat damage was provided continuous treatment with anticoa

gulant rodenticides for a 25 month period; ground-baiting was used
 

during the first thirteen montha and crown-baiting during the remaining
 

twelve.
 

Materials and Methods
 

A five hectare plantation with 536 trees and a history of chronic
 

rat problems was selectedat Barrio San Gelacia, Victoria, Mindoro
 

Oriental. Coconut trees are native varieties, 15 to 25 years old,
 

from 15-20 meters tall. During a preliminary survey of the area, we
 
were dried and decaying
counted almost 21,000 fallen nuts; about 94% 


and about 41% had obvious signs of rat damage. Almost 80% of the
 

trees had metal bands, most of which were rusted and obviously
 

ineffective.
 

Trapping was conducted during the pretreatment period. Fifty snap
 

traps were placed at random near tree bases on the grove floor for
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three consecutive nights, and catches 
were identified and recorded.
 

In addition, tracking tiles were placed 
systematically along four
 

The tiles were inked
 
lines within the grove, ten tile3 per 

line. 


each afternoon and the number with 
rat tracks was recorded the
 

This procedure was
 
following morning for three consecutive days. 


repeated monthly for the duration 
of the study.
 

debris and fallen nuts were
 For the period of ground-baitilg, 

piled into 27 mounds which were evenly 
dispersed throughout the grove
 

Four coconut-husk bait stations were
 floor at 40-50 meter intervals. 


placed around each of the mounds, Pnd filled with binlid containing
 
3 times
checked and refilled 2 or 
Bait stations wcere
0.025% warfarin. 
 After
 

a week, as required, and amounts of bait 
addcd were recorded. 


about six months, some of the stations 
had deteriorated and these
 

were replaced.
 

For the period of crown-baiting, 56 (10.4%) of the 536 trees were
 

selected for treatment so that baited 
palms were evenly dispersed
 

A plastic packet containing binlid plus
 throughout the plantation. 

0.025% warfarin was placed monthly in the 

crowns of each treated palm
 

using a long bamboo pole: during the first 
four months of baiting,
 

packets containing 200 grams of bait each 
were used, but this was
 

er packet by the fifth month and
 reduced to 100 grams of bait 


maintained at that level for the duration 
of the study.
 

For the entire period of the study, numbers 
of fallen nuts, damaged
 

To avoid errors, fallen nuts were
 and undamaged, were counted monthly. 


either removed from the area or placed on the 
mounds of debris within
 

the plantation.
 

The farmer had kept careful records on individual 
tree production
 

J973, and continued to maintain them
 for his entire farm since iVay, 


during the period of treatment. Other economic data are also being
 

collected and will be presented in the final report of this study.
 

Results and Discussion
 

Three nights of trapping before the baiting period 
resulted in
 

the capture of 55 animals for 150 trap nights, or about a 37% 
trap
 

common (55%), followed by R.
 success. R. r. mindanensis was Mo3 


e ulans (22%), f. urijnus (15%), and R. argentiventer (9%). 

Rat activity, as measured by the tracking tiles, 
dropped from its
 

a low of 3% during the first five
 initial level of almost 48% to 

It remained low for the following two months,
months of ground-baiting. 
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but jumped to 16%, 15% and 18% during the eighth, eleventh and twelfth
 

months of the study respectively. During the entire period of ground

baiting, at least some rat activity was recorded during each tracking
 

period. In contrast, by the third month of crown-baiting in the
 

plantation, no rat activity was measured on the tracking tiles, and
 

activity averaged less than 1% for the rest of the study period (no
 

tiles were tracked for 7 of the 12 months when crown-baiting was used;
 

Figure 5).
 

The use of ground-baiting reduced fallen, damaged nuts from a
 

pretreatment level of 493 to as low as 4 nuts per month, but increases
 

in rat activity as measured on the eighth, eleventh and twelfth months
 

during ground-baiting were accompanied by corresponding increases in
 

fallen, damaged nuts. In contrast, numbers of fallen nuts remained
 
at or near zero from the third month of crown-baiting until completion
 
of the study (Figure 5).
 

During the period of treatment with anticoagulants at the ground
 

level, a total of 443 kg of bait was used or about 34 kg per month
 

(6 kg per hectare per month). During the period of crown-baiting, a
 

total of 89.6 kg of bait was used or about 1.5 kg per hectare per
 

month.
 

It therefore appears that crown-baiting was more effective than
 

ground-baiting in reducing levels of rat activity, as measured both
 

by tracking tiles and by counts of fallen, damaged nuts, and required
 
considerably less bait to reduce and to maintain the lower levels of
 

damage. Although it can be argued that ground-baiting might have
 

reduced damage to comparable levels given additional time, and that
 

amounts of bait required for maintenance of the program would also
 

have been further reduced, the ground-baiting program appeared to have
 

achieved its greatest effects on levels of damage and rat activity
 

by the seventh month of the study and actually appeared less effective
 

by the end of the first year, so that similar or higher levels of
 

bait consumption could probably be anticipated. The gradual drop in
 

both rat activity and numbers of damaged nuts as a result of the ground

baiting program is in stark contrast to the rapid drop when crown

baiting was employed, not only in this plantation but also in four other
 

experimental plots where crown-baiting was used (see first research
 

article, this Annual Report).
 

During 22 months prior to treatment, the farmer harvested a total
 

of 34,571 nuts or an average of 2.93 nuts per tree per month. During
 

the period of treatment with ground baiting, he harvested an average
 

of 5.82 nuts per tree per month, and during the period of treatment
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in a five hectare coconut plantation in Barrio
 

San Gelacia, Victoria, Mindoro Oriental. The
 

plantation was ground-baited with anticoagulant
 

rodenticides during the first year of the study,_
 

then crown-baited during the second year.
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ner month (Figure 6).
with crown-baiting, he averaged 7.19 nuts per tree 

Because of overlap in the development of 
nuts and treatment programs,
 

it is difficult to determine the relntive 
effectiveness of the two
 

baiting programs, but it does appanr that the farmer realized between
 

a two and 2.5 fold increace in nut prodiuction 
during the period of 

only -. ijcr change in cultural 
study. Since rat control wan the 

this pe iod of study, we suggest that
the farmer duriingpractices by 

con1cquence of the effective baiting
this production increase was n 
a limiting factor to
 

programs which apparently removed rat damage 
as 


his plontacion.
coconut production on 


With an average cost of binlid aid bait 
of ?1.50 per kg during
 

the two year period of the study, and labor at about Vl per hour, 
the
 

total cost of control during the thirteen months of treatment with
 

at IJ944 or p14.5 pcr hectare per month. 
ground-baiting is estimated 

of bait and 280 man-hours of labor
 This is based on the une of 443 kg 
If costs are
 

(or 5 hours per week) to maintain the 
bait stations. 


after the program had
last oix monthn of baiting,based on only the 

,.ias primarily maintaining the 
its impact on the rat poplaticn a;i' 

control is estimated at 
at a lower level, i-v:!l cost of

population 
?571 or P8.80 per hectare per rnnth. 

In contrast, the total cost of control 
during the twelve months
 

of treatment with crown-Laiting was p286 
or V4.70 per hectare per
 

use of 90 kg of bait, 672 plastic bags
This is based on the
month. 

(at ?O.Ol each), and 144 man-hours e" labor (or 12 'hours per month). 

prouij-ht.;ting and crown-Laiting reduced 
We conclude that both 

that the crown-baiting
our study site, bitt 
rat activity and damage at 
 ard cost less, even when 
approach provided more 2ffecti:e p .otertion 

compared with the latter period of ground-baltino 
wher primarily 

effects and _ont :r,2- corsidered. W:, suggect that crown
maintenance means than the 

.,ne _pec3f.'c ad eficientbaiting may provide a to coconuts,
tradit~onal methods of grouid-brLii fo i-educing loonrts 

in other part-; of the
 
but that additional -itudies ar, ri'-'u rl 


of the method.apiicabilityPhilippines to determine th-= gc:era. 
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Figure 6. 	Nuts harvested before and after treatment with
 

anticoagulant rodenticides in a five hectare
 

coconut plantation in Barrio San Gelacia, Victoria,
 

Mindoro Oriental. The plantation was ground-baited
 

during the first year of the study, then crown-baited
 

during the second year.
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A Preliminary Investigation of Rat Damage and Copra Content
 

of Coconuts
 

Introduction
 

An important consideration in assessing the effects of rat damage
 

to coocnut production and the economic benefits of potential control
 

programs is the possibility that individual trees may be able to
 

compensate for losses by an increase in the number or weight of nuts
 

In a series of studies on coconut production
that reach maturity. 

in the Fiji Islands, for example, Williams (1974a) found that yield
 

from palms having high rat damage were similar to those having low
 

rat damage. During a trial of simulated rat damage at known levels,
 

he found an increase in female flower production, no decrease in
 

harvestable nuts produced and "conservatively" estimated that trees
 

could compensate for 50% of the nuts attacked (Williams, 1974b). A
 

of trees with high and low levels
comparison of flesh yield per nut 


of damage indicated no significant differences.
 

During recent trials on the effects of crown-baiting with anti

coagulants on rat damage to coconuts, we found that actual tree
 

production (nuts/tree/month) increased an average of 2.5 times when
 

compared with pretreatment levels or with reference plots (see first
 

research article, this Annual Report). Economic benefits of the
 

method, based on actual copra production from the treated plots during
 

the last year of the study were V3,740 per hectare, with an estimated
 

average cost/benefit of 1/24. It appears that trees were unable to
 

compensate for the level of losses which occurred in our experimental
 

plots by increasing the number of nuts produced, and that the use of
 

anticoagulants in tree crowns removed rat damage as a factor limiting
 

tree production.
 

In this preliminary study, we compare the size, weights, and
 

copra content of individual nuts from an area which had received
 

effective rodent contiol (for twenty-one months prior to the study)
 

with nuts taken from an adjacent area which had no rodent control
 

program and which was suffering from heavy rat damage.
 

Materials and Methods
 

Sixty nuts were randomly selected from those harvested in one
 

plot (A) near Victoria, Mindoro which had been crown-baited monthly
 

with packets of anticoagulant rodenticide for twenty-one months prior
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to the study. For comparison, sixty nuts were randomly selected from
 

those harvested in a nearby plot (B, separated from Plot A by over
 

three hundred meters and a road) which had received no rat control
 
Tree varieties,
attention and which had many signs of heavy rat damage. 


ages, sizes, and cultural practices (except rat control) were similar
 

in the two plots. The greatest horizontal circumference of the husk
 
In addition, total
and the flesh was measured for each of the nuts. 


weight, weight of flesh plus milk, wet weight of flesh, and dry weight
 
Frequency distributions
of flesh (copra) was taken for each of the nuts. 


of measurements and weights were obtained for the samples from each plot,
 

and compared using "one-sided" Students t tests, the hypothesis being,
 

"Are the weights and measurements of nuts in Plot B significantly greater
 

than those in Plot A?"
 

Results and Discussion
 

Nuts sampled in Plot A were slightly but not significantly larger
 

than those in Plot B (Table 5). For all other weights and measurements,
 

nuts sampled in Plot B were slightly greater than in Plot A. Flesh wet
 

and dry weights (copra) were slightly, but significantly, greater in
 

the plot having rat damage than in the plot with an effective control
 

program. Wet weight of flesh averaged 0.863 kg per nut in Plot A, 0.050
 

kg (5.5%) less than in Plot B. Likewise, copra averaged 0.368 kg per
 

nut in samples taken from Plot A, or 0.038 kg (9.4%) less than those
 

taken from Plot B.
 

During the course of determining economic benefits of baiting
 

procedures in our study plots near Victoria, Mindoro, we took a total
 

of 171 nuts during two harvests (separated by six months) from three
 

study plots which had received treatment for at least one year prior
 
Copra weight in these samples averaged
to the collection of samples. 


0.40 kg per nut (see first research article in this Annual Report),
 

slightly higher than we found in the samples from Plot A and about the
 
Since the time periods
same as those reported in this study for Plot B. 


involved differ, statistical comparisons between the samples cannot be
 

made, but we use this data to suggest that additional detailed studies
 

are required before compensation by trees for losses to rats by increasing
 

the flesh content of remaining nuts is regarded as a clear possibility.
 

Assuming that the data presented in this study is a measure of
 

compensation by the trees, the actual proportion of losses (assume
 

about 10%) which are replaced in this manner would be quite meager
 

when compared with the 150% increase in numbers of nuts produced as
 

a result of effective rodent control in our experimental plots.
 



Table 5. Size and weights of coconuts in two study plots near Victoria, Mindoro. Plot A had been crown

for 21 months prior to sample collection and had greatlybaited with anticoagulant rodenticides 
increased nut production; Plot B had received 

no attention for rodent control and had heavy
 

from each plot, then individually measured 
damage. Sixty harvested nuts were randomly selected 

and weighed.
 

Plot B 
______________________________e)__________Measurement Plot A 

(Range)T ± s.e.-*(Range) xSs.e. -

Circumference, total (cm) 63.72 ± 0.31 (55.7-77.0) 63.49 ± 0.25 (55.3-73.1) 

Circumference, flesh (cm) 46.71 ± 0.23 (32.2-59.0) 47.26 ± 0.27 (38.2-56.2) 

Weight, total wet (kg) 1.89 ± 0.0016 (1.20-2.80) 1.96 ± 0.0022 (1.25-2.75) 

Weight, flesh + milk (kg) 1.33 ± 0.0012 (0.50-2.00) 1.34 ± 0.0013 (0.80-1.85) 

Weight, flesh wet (kg) 0.863 ± 0.0003** (0.15-1.20) 0.913 ± 0.0005** (0.65-1.35) 

Weight, flesh dry (copra; kg) 0.368 ± 0.000086*** (0-0.48) 0.406 ± 0 .0000 74** (0.30-0.56) 

T ± s.e._ = mean ± standard error of the mean* 
i 

** Student's test (one-sided)significantly different (P< 0.05), Student's t 
test

t 
(one-sided) 

*** Highly significant different (Pc 0.005), 
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We conclude from this study that partial compensation by trees
 

for heavy rat damage by increasing copra content of remaining nuts
 

may have occurred in our experimental plots. If present, the amount
 

of compensation was slight, insufficient for obvious separation from
 

the fluctuation in copra content of nuts over extended periods of
 

measurement, and inadequate to significantly effect the economic
 

benefits which were gained by following the baiting programs. Additional
 

studies, however, should be conducted on the compensatory mechanisms
 

of palms, particularly in situations where levels of damage are low
 

and cost/benefits of control programs are marginal.
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Field Trial of the Sustained Baiting Method in Ricefields
 A 


Adiacent to the Chico RiverSan Antonio, Nueva Ecla
 

Introduction
 

During the past few years, we have conducted 
field trials to
 

determine the effectiveness of the sustained baiting method in areas
 

representing different conditions under 
which rice is grown in the
 

In some trials, we used the
1972-1975).
Philippine (Sanchez et al., 


barrio as the experimental unit; 
in others, we used the individual
 

We have tested the method in
 
small farm as the experimental unit. 
 areas
 

mindanensis is the major pest species and in 
areas where R. r. We have tested the method
 where R. argentiventer is a common pest. 


surrounded by ricefields and in areas 
adjacent to marshland
 

in areas 

In all of these trials, the sustained 

baiting method provided
 
habitat. 

good, sometimes spectacular results.
 

In this trial, we tested the effectiveness 
of sustained baiting
 

with chronic toxicants in protecting 
100 hectares of ricefields
 

adjacent to marshes bordering the 
Chico River near San Antonio, Nueva
 

Ecija. We were particularly interested in 
this location for several
 

it has been the site of major rat 
outbreaks in the past and
 

reasons: 

areas adjacent to the marsh along 

the Chico River suffer chronic,
 

frequently severe rat damage; observations in the area during the 
year
 

had indicated high levls of rat 
infestation; planting in the area
 

follows recession of flood waters 
during the rainy season so that
 

the marshland area, leaving the 
baiting
 

fields are harvested toward 


site the last 100 hectares of 1900 to be harvested -- being both last

to the marshland virtually assures 
a high level
 

harvested and adjacent 


of chronic rat damage and makes 
it one of the most difficult situations
 

the harvesting
 
to protect that we are aware of 

in the Philippines; and, 


pattern for the area, as described 
above, provided a unique opportunity
 

the movement patterns of rats
 
to obtain some preliminary information 

on 


in relation to harvest and comparative 
information on rat populations
 

in treated and non-treated areas 
concurrently.
 

Materials ind Methodr
 

The general study site was about 
1900 hectares of contiguous
 

ricefields in Central Luzon, bound 
on one side by the town of San
 

Antonio, Nueva Ecija, and an the 
other side (about 2600 meters to 

the
 
Planting and
 

north) by the marshlands adjacent 
to the Chico River. 


harvesting in this site is governed by the 
recession of floodwaters
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which annually cover the ricefields, and which recede gradually
 

toward the marshland. The study site can be divided into four areas
 

according to their plantin3 schedules. Area I consists of about 800
 

hectares, is about 1400 meters from the marshland and 1200 meters 
in
 

It is most distant from the marsh and floodwaters leave this
width. 

area first: during the year of our study, ricefields were planted
 

during May and June in this area and harvested during September. Area
 

II consists of about 500 hectares of ricefields, is about 600 meters
 
Planting in this
from the marshland and about 800 meters in width. 


area was initiated in July and fields were harvested in October and
 

November. Area III, also about 500 hectares, is in part adjacent
 

to Area IV and in part adjacent to the marshlands bordering the
 

Chico River, and about 500 meters or more in width. Planting in
 

this area was initiated in August and harvest occurred from November
 

through December. Area IV, the remaining 100 hectares, is low and
 

adjacent to the marshland; it is the last area for recession of
 

area was started in December, completed
floodwater and planting in this 

There
in January, and the fields were harvested during April and May. 


was a period of seven months between harvest in Area I and the initiation
 

of harvest in Area IV.
 

the first to observe the
The study was conducted in two phases: 


rat populations and their movements as planting and harvesting progressed
 

through each of the areas toward the marsh; the second to d,termine the
 

effectiveness of the sustained baiting program in protecting the rice

fields in Area IV, the last 100 hectares to be harvested.
 

During the first phase of the study, 15 kg of bait containing 0.5%
 

tetracycline hydrochloride (a marking agent; TC) was placed in about
 

250 bait stations (described below) which had been randomly dispersed 

in Area I during the vegetative stage of growth (early July). The
 

bait was left in the field for the remainder of the growing season.
 

Two weeks after the initiation of this baiting, 50 traps were placed
 

in line transects parallel to the marsh and through the middle of Areas
 

I and II; trapping was conducted for three consecutive nights. Trapping
 

was repeated for the following ten months in each area that was in the
 

planting to harvest stage (in a few cases, trapping was also conducted
 

during the land preparation and the post-harvest periods). All rats
 

were identified, age and sex determined, and jaws were examined using
 

ultravioiet light to determine the presence or absence of the marking
 

agent. The data obtained were used to determine the movement patterns
 
Since trapping
of rats as a function of the growing seasons in the area. 


was conducted before and during the baiting program in Area IV, the
 

trapping data was also used as a relative index of the effects of the
 

baiting program on rat populations in the area.
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Farmers began land preparation in Area IV during November and
 

We used tracking tiles to monitor
planting in December and January. 


relative levels of rat activity in this area from October through
 

the following May. Ten inked tracking tiles were placed at 100 m
 

intervals along five parallel transects which were separated 
by
 

a total of fifty tiles were used. Tiles

about 200 meters each: 

showing evidence of rat activity were recorded as positive; 

unmarked
 

The tiles were checked, cleaned,
tiles were considered negative. 

and re-set for three consecutive days each month.
 

Baiting was started in this area during the second week of
 

The baiting program, which followed closely the Masagana-99
December. 

interagency recommendations, was conducted by the farmers 

under the
 

a Rodent Research Center technician. Binlid

general supervision of 

was used as bait during the early part of the growing season, but
 

A variety of
later was unavailable, so polished rice was used. 


anticoagulant rodenticides available locally were used, 
following
 

manufacturers' recommendations for mixing and concentrations 
of active
 

Bait stations were also constructed from materials
ingredients. 

little or no cost, including bamboo sticks and
 available locally at 


coconut husks, coconut shells, tin cans, milk cans, bamboo 
and others.
 

About five baiting points per hectare were chrsen initially, 
and weekly
 

records were maintained of the numbers of bait stations 
and amounts of
 

bait added at each of the baiting points.
 

Damage appraisal was conducted within two weeks of 
harvest in
 

Since harvesting occurred over a
 fourteen pa'dies within Area IV. 


period of 6 weeks, these appraisals were 
conducted at various times
 

in April and May. Production records were also obtained for fields
 

Typhoon Didang, however, swept
harvested by the second week of May. 


through the area on May 20, inundated it with high 
flood waters on
 

May 21, and most oi the harvest (which was scheduled to begir the
 

following day) in Area IV was lost.
 

Results and Discussion
 

In general, trap success of adult rats was similar 
in Areas I and Area
 

At least two factors
(Table 6).
II, but increased greatly in Area tII 


were probably responsible for this increase: proximity 
of Areas III and
 

IV to the marshlands bordering the Chico River, and 
movement of rats
 

(I and II) and their subsequent concentration
 from newly harvested areas 
 The same general

in remaining unharvested fields (see discussion below). 


trend was observed in Area IV during the first 
three months of trapping,
 



Table 6. Numbers of rats trapped during a study of movement 
patterns in relation to rice culture
 

Dates of pl.-nting are
 
in a 1900 hectare study plot near San Antonio, Nueva Ecija. 


controlled by recession of floodwaters and is progressively 
later from Area I to Area IV.
 

Bait mixed with tetracycline was placed in Area I 
during its grcwing season; each area
 

trapped monthly for 3 consecutive nights with 
50 traps during and following its
 

was 

growing season.
 

Young Females
 
Adult Males AdCult Females Young Males 

Area
Area
Area
Area 
 I II III IV
III IV
II III IV I II

I II III IV I
Month 


31 0 
- 18 0 

- 10 1 -
-

Jul 11 2 

1 0 - 34 1 0 
36 4 24 - 20

Aug 8 6 30 

0 - 35 24 0 - 12 20
Sep 10 15 35 - 7 12 40 


23 29 0 
0 5 57 - 13 33 0 

6 17 38 -Oct 


- 40 60 0
- 20 10 47 

Nov - 8 44 28 - 14 40 10 


- 45 30 10 
- 20 41 33 - 26 28 40 

Dec - 12 41 36 


- 33 540 34 - 27 38 - - - 38 39 -Jan 


- - 2- - 3 - 3 - - 6 - -Feb 

- 2 - - 1
-
- - 2 - - - 1 - -

Mar 

- - 6
- - 2 - 4 - - 8 - -Apr 

- - 22 
- - 21 

- 16 -May 
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but trap success dropped greatly one month after the baiting program
 

was initiated in the area (January) and remained relatively low for
 

Young males and females were collected
the rest of the growing season. 

success usually greatest toward the


in each of the areas, with trap 


end of the growing season. The obvious exception was again in Area IV
 

where trap success of both adult and young rats was reduced considerably
 

after the initiation of the baiting program (Table 6).
 

Some indications of the movement patterns of rodents in relation
 

to the growing and harvesting periods are provided by analysis of
 
These
the percentage of trapped animals marked by TC (Table 7). 


data are presented on three-dimensional granphs in Figures 7-10,
 

where height and location of columns are use,' to represent percentage
 

of trapped rats which were marked as a function of area and month.
 

In general, the percentage of trapped adults that were marked by TC
 

was greatest in Area I, and decreased as the trap lines were moved
 

progressively further (in distance and time) from the location of the
 

bait stations, as would be expected by a model for random dispersal
 

We note at least one significant variationof rodents from an area. 

from this model, however; a drop in the percentage of marked adult
 

a corresponding
rodents in an area during its harvest period and 


increase, sometimes dramatic, of marked animnals in adjacent areas
 

where rice is at an earlier stage of development. The collection of
 

two marked adult male rats In Area IV, at least 1400 meters from the
 

as seven months after exposurebait stations in A, oa I and as long 
observato TC, was also quite surprising. We interpret both of these 


tions as supporting the hypothesis that rats moved in a non-random
 
the mnrsh out of harvested fields and into


directional manner toward 
the growing season for the study site progressed.
younger riceflelds as 


This movement pattern was most apparent with adult rats, males moving
 

the greatest distance. Dispersal of young rats was observed from
 
areas, if they occurredArea I to Prta If; movements to the other 

towould have been obscured by achievement of adulthood two three
 

months after the young were marked in Area 1.
 

(Table 6) and tracked tiles
As indicated by both trap success 

rat activ.ity in Area IV began increasing while land was
(Figure 11), 


was being harvested.
being prepared for planting and as Area III 


Baiting was initiated in Area IV during the late land preparation
 

stage and continued until harvest. InitialJy, 2360 bait stations
 

were placed at 500 baiting points within this 100 hectare areE, and 

filled with 28 kg of bait contailning anticoagulant rodenticides;
 

stations were checked twice weekly and the numbers of stations and
 

amounts of bait added were adjusted to keep a slight excess 
over
 

consumption (Table 8). Consumption increased until, by the ninth
 

week after baiting was started, 496 kg of bait was added 
to 6220
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Table 7. 	Marked rats (percentage of total) which were trapped during 
a study of movement patterns
 

in relation to rice culture in a 1900 hectare study plot near San 
Antonio, Nueva Ecija.
 

Dates of planting are controlled by recession of floodwaters and is progressively 
later
 

from Area I to Area TV. Bait mixed with tetracycline (0.5%) was placed in Area I during
 

its growing period; each area was trapped monthly for 3 consecutive 
nights with 50 traps
 

during and following its growing season.
 

Young Females
Adult Males Adult Females Young Males 

Area 	 AreaAreaArea 

IV I 	II III IV
IV I II III IV I II IIIMonth I II III 


-
0 - - 80 100 - 100 0 - - 77 0-

Jul 91 


-50 i00 0 - 94 0 0
Aug 100 0 0 - 78 0 0 


43 67 0 25 50 0 - 14 12Sep 30 47 0 -	 0 

- 8 6 0 - 13 3 0 -
Oct 100 42 27 - 0 60 16 


- 0 0 0 - 0 0 0

Nov - 50 5 0 - 14 10 0 

20 7 	 0 - 0 0 0 - 0 0 0
Dec - 17 3 0 

- - 0 0
3 - - 18 0 - - 0 0
Jan - - 8 


- 0 - - - 0 - -	 - 17 - - - 0
Feb 


-

Mar - - - 0 - - - 0 	 0 - - 0 

0 - - - 0 - - - 0 - - - 0
Apr - - 

0 -	 - - 0
 - -	 - 0 - - - 0May 




600 

70 

Figure 7. 	Marked adult male rats (percentage of total) which were
 
trapped during a study of movement patterns in relation
 
to rice culture in a 1900 hectare study site near
 
San Antonio, Nueva Ecija.
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Figure 8. 	Marked adult female rats (percentage of total) which
 

were trapped during a study of movement patterns in
 

relation to rice culture in a 1900 hectare study site
 
near San Antonio, Nueva Ecija.
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(percentage of total) which were
 Figure 9. Marked young male rats 


trapped during a study of movement patterns 
in relation
 

to rice culture in a 1900 hectare study site 
near
 

San Antonio, Nueva Ecija.
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Figure 10. Marked young female rats (percentage of total) which were
 

trapped during a study of movement patterns in relation
 

to rice culture in a 1900 hectare study site near
 

San Antonio, Nueva Ecija.
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Figure 11. Rat activity as measured by tracking tiles and bait used 
during 

a trial of sustained baiting with chronic toxicants 
in a 100 

hectare area of ricefields near San Antonio, 
Nueva Ecija. 



Table 8. 	Summary of the number of bait stations and amounts of bait added during the crop
 
season in 100 hectares of ricefields employing sustained baiting with chronic
 
toxicants near San Antonio, Nueva Ecija.
 

Weeks After Total No. Mean No. Bait Added (Weekly) 
Baiting Crop of Stations/ Total Mean 
Started Period Stations Ha. (kg.) (k./ha) (/station) 

1 Land preparation 2360 23.6 28 0.28 11.9
 
2 Land preparation 2360 23.6 45 0.45 19.1
 
3 Land preparation/
 

planting 2360 23.6 62 0.62 26.3
 
4 Land preparation/
 

planting 2360 23.6 64 0.64 27.1
 
5 Planting 4998 50.0 69 0.69 13.8
 
6 Planting 4998 50.0 107 1.07 21.4
 
7 Planting 5830 58.3 101 1.01 17.3
 
8 Planting 5900 59.0 305 3.05 51.7
 
9 Planting 6220 62.2 496 4.96 79.7
 

10 Vegetative 7080 70.8 283 2.83 40.0
 
11 Vegetative 10600 106.0 217 2.17 20.5
 
12 Vegetative 9525 95.2 305 3.05 32.0
 
13 Vegetative 11575 115.8 88 0.88 7.6
 
14 Vegetative 11575 115.8 246 2.46 21.2
 
15 Vegetative 11575 115.8 169 1.69 14.6
 
16 Booting/
 

flowering 10250 102.5 154 1.54 15.0
 
17 Booting/
 

flowering 10250 102.5 77 0.77 7.5
 



Table 8 (Continued) 

Weeks After 
Baiting 
Started 

Crop 
Period 

Total No. 
of 

Stations 

Mean No. 
Stations/ 

Ha. (kg.) 

Bait Added (Weekly) 
Total Mean 

(kg./ha) (g/station) 

18 Booting/ 
flowering 4890 48.9 66 0.66 13.5 

19 Booting/ 
flowering 2360 23.6 15 0.15 6.4 

20 

21 
22 
23 

Booting! 
flowering 

Maturing 
Maturing 
Maturing 

1900 
1900 
3850 
798 

Total 

19.0 
19.0 
38.5 
8.0 

3 
46 
2 

46 
2,994 

0.03 
0.46 
0.02 
0.46 

1.6 
24.2 
0.5 
57.5 
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stations in the area, for an estimated mean consumption of about 80 g
 

per station per week. Addition of bait stations lagged somewhat
 

behind the period of maximum bait addition, so that most bait stations
 

(11,575) were placed in the field during the 13th week after the
 

initiation of baiting. Weekly addition of bait to stations (mean g
 

per station) ranged from 0.5 to almost 80, a lower level than in some
 

of our previous trials; this indicates to us that farmers may have
 
overresponded and placed more stations than necessary in the field,
 

although some of the bait station designs used in this study probably
 

had a lower capacity than those used in previous trials. By the tenth
 

week after baiting until the end of the study, consumption dropped
 
rapidly so that bait consumption during the maturing stage was similar
 
to or less than during the land preparation stage. As shown in Figure
 
11, the decline in bait consumption corresponded with a drop in rat
 

activity during the vegetative stage, indicating an effective baiting
 
program and a greatly reduced level of rat activity in the area. This
 
effect is further substantiated by our reduced trap success during the
 
period of baiting in Area IV (Table 6).
 

Based on appraisal of fourteen paddies within Area IV, damage
 
averaged 6.0% tillers cut with a range from 0.8% to 18.8%. Although
 
this is a higher level than we have observed for treated plots in most
 
of our previous trials, it was considerably lower than that observed
 
for fields in Areas II and III where damage ranged from 70% to complete
 
devastation of the fields.
 

Harvests for most of Area IV were lost when heavy rains and winds
 
of Typhoon Didang flooded the fields. Only six of the hectares were
 
harvested before the floods, but these provided a total of 450 cavans
 
of rice, or 75 cavans per hectare. In contrast, many of the farmers
 
that we interviewed in Area II had harvested two weeks early to salvage
 
what rice they could before the rats completely devastated their fields
 
and reported yields which averaged about 12 cavans per hectare; and,
 
most of the farmers in Area III reported complete loss of their rice
 
to rats.
 

Despite the intense levels of rat infestation in Area IV, we
 
estimate the cost for materials to conduct the baiting program at
 
less than f50 per hectare (about 30 kilograms of bait with anti
coagulant at f1.60 per kilogram; negligible costs for materials to
 
construct bait stations); labor, roughl- one hour per hectare per
 
week, were provided by the farmers at little or no cost. Total costs
 
for control could therefore be regained by an increase in production
 
of one or two canvas of rice per hectare.
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From the first phase of this study, we conclude 
that movements
 

of rats over wide areas of ricefields can Ie 
greatly influenced by
 

in this study, rats
 
the planting and harvesting patterns of the area; 


appeared to move out of fields being harvested 
and into fields at
 

Since planting and harvesting was determined
 earlier stages of growth. 

rats into younger fields
 

by the recession of floodwaters, movement of 


may have been an important factor in the observed 
inverse relation
 

between rat densities and distance from the marshland.
 

From the second phase of the study, we conclude 
that sustained
 

baiting effectively protected the one hundred 
hectare baiting site
 

to be harvested, was
 was the last of 1900 hectares in the area
(which 

adjacent to marshland habitat, and represented 

one of the most severe
 

situations for rat damage that is encountered 
in Philippine ricefields)
 

from serious rat damage, at low cost, and with 
potentially high economic
 

return.
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A Compa'ison of tie Eff 2ctiveneus of Non-Lethal and Lethal
 

Electric Barriers in ReducngRat Damage to Rice
 

Introduction
 

In a preliminary trial during 1975, non-lethal. electric barriers
 

protected two, one-quarter hectare ricfied p]ots from rat damage 

(Sanchez et al., 1975). During tiie trial, %ie observed attempts by 

rats to cross the barriers only during the first few days of their 

operation after which most rats -plperured to Ovolt the barriers and 
arcaa O.7" cut harvestthe enclosed rice. Fenced !i,'rg'd tillers at 

while adjacent unfence. arens nver-agcd 13.5% tillr.ro cut. Based on 

this trial, we concluded that iion-lthal barriei:r hold the potential 
of reducing crop losses to rac dar,-,,: ond thnt the observations on 
rat behavior during the trial UerC. cons19. en1t u.iYth the proposed 
theoretical operation of th. frnc'.: ,. . *Lats, upon repeated contact, 

are trained to avoid the barrer °,nd serv, rn a hlologJ.cal buffer to 
prevent access to the enco3.3ed zrei, by _,t.rrined rats). 

To obtain more information or th effectiveness of the non-lethal 
electric barriers, and to compare i op -rational characteristics with 
thoca of a lethal one, we conducted a:, rddutionai small-scale field 
trial during the dry season on the erperiiacntal plots of the International 
Rice Research Institute (1R3). tq):reciate the cooperation of IRRI 
staff in providing expcrinental pilots, vild come -F the fencing materials 
and labor for the study.
 

Mater:ials aiid Mcthuds 

Six plots, about one-quarter hRtta;- each, planted to different 
high yielding varieties from ,hree wsa !.u oft-_'r t-ansplaut (WAT) to 
booting slage were provided f:r t1 f:t,yd. Plots were pairec' one 
lethal barrier one unr.!er hree differantand nci-lethal 'nI areas 
(A-C) along tne periphery or IRT e),r.--.atnl fileka. Areas A and B 

were adjacent to an uncultivated lii h:c: ,noaklvnent and Area C was 
surrounded on two sides by tincutlt-I.vtu fi 2 *asaud a nimil stream. All 
three areas have been sites of hepv', it inhestntio.. in the past. 

The design and operation o - the lethn'l Fe:ices at IRIT have already 
been described (Ranios, 1970: Sanchez et a-.. 1975). Chicken wire 
fencing (1.2 cm nmesh, 35 cm rali), nupporied by bamboo stakes at one 
meter intervals, is placed in the pic'dy. abcat 0.1 to 0.5 meters from 
the dikes. Plastic insulators are Eastrzned 'o the bamboo poles near 

http:tillr.ro
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the top of the fence and two strands of 18-20 gauge galvanized
 

steel or copper wires are atretched between the Insulators. Power
 

is supplied by six or twelve volt car batteries, but first passes
 

through a vibrator and a transformer so that 125 volts a.ternating
 

current (AC) Is supplied on the line. Batteries are recharged daily.
 

to sunrise and encompass up to
Fences are electrified from sunset 

65 hectares of e%perLmental plots. A crew of at least thirty staff 

night and remove electrocuted animals whichmaintain the fences at 


short the fences and render them inoperative. Removal of animals
 
When a fence
involves a complicated and time consuming procedure. 


alert a crewman.
becomes inoperative, an electric bull) lights to 

cause and corrects
The crewman patrols the fence until he locates the 


it.
 

,ne design of the non-lethal fence was identical to that of the 

lethal ones except that two rows of wirer; were installed on double
 

sets of porcelain or plastic insulators ujlong the outside of the
 

fence; one row was about 13 cm above the ground, the second row was
 

the chicken fence was usually curled
about 28 cm. The top 2.5 cm of 

the fence was direct current (DC), with the
outward. The charge on 


fence and outer rows of wire negatlve, and the central wires positive.
 

A shocker was inserted between a twelve volt car battery and the line
 

give high voltage pulses (0.3 second) at 0.7 second intervals.
to 

Except for a few brief periods of short-circuit problems, the non

lethal fences were operated continuously from the start to the end 

of the study. Batteries were recharged as required (when voltage dropped 

below 800) for each of the fences. 

To learn more about the performance of the non-lethal electric 

iences, temperature and relative humidity (percentage) were recorded
 

in the study areas and voltage on the non-lethal electric fences three
 

times daily: early morning, noon and late afternoon from 10-13 WAT.
 
At Area C,
When short-circuits occurred, their sources were recorded. 


times during which the lethal and non-lethal fences became inoperative
 

were recorded weekly during an observation period from 1700 to 2200,
 

10-13 WAT.
 

compare rat activity within and
Tracking tiles were used to 

Ten tracking tiles were
surrounding areas protected by the barriers. 


ten at
placed along the outside of each of the fences, and similar
 

locations inside the fences for three consecutive days and nights at
 
The
the vegetative, booting and the maturing stages of rice growth. 


inked tiles were checked shortly after sunrise and shortly before
 

ariivity were reported as positive.
sunbet and those with signs of rat 
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In addition to tracking tiles, equal lengths of the lethal and
 

the non-lethal fences in Area C were observed from 1700 to 2200 once
 

a week using red light, and signs and nature of rat activity were
 

At harvest, damage appraisal was conducted in each of the

recorded. 

plots using a tiller cutting Index.
 

Results and Discussion
 

Mean voltage of the non-lethal fences was greatest during mid-day
 

and lowest during the early morning (Table 9), and appeared inversely
 

related to the relative humidity. Temperature was greatest during
 
Correlations of
the mid-day readings, but lowest in the evening. 


individual relative humidity and voltage readings were not significant,
 
conditions of batteries, w'Lre
however, so that other factors (such as 


a greater
connections, and presence of weeds) probably exerted 


influence in determining the voltage levels of the non-lethal barriers.
 

Batteries used to operate the lethal fenes were recharged daily; in
 

contrast, two of the non-lethal fences were recharged only once
 

during the two-month period of study, and one of the fences (in Area B)
 

was recharged twice.
 

Daytime malfunctions of the non-lethal fences were observed only
 

six times during the study, five of these occurring at the fence in
 

Area A. Two of the shortages were caused by contact of positive and
 

negative wires, two by dead animals (one rat and one toad) placed
 

across the wires, one by disconnection of the wires from the shocker,
 
At least
and one by the excessive rains and winds of Typhoon Didang. 


three of these malfunctions were the result of vandalism.
 

No malfunctions of the non-lethal fence occurred during the four
 

periods (total of 17.7 hours) of night-time observations in Area C.
 

In contrast, the lethal fence was made inoperative eleven times for
 

a total of 0.96 hours (or 5.4% of the total observation time), always
 

because an animal had contacted and caused a short-circuit in the fence.
 

In most cases, rats approached the fences and moved along the outside
 
that we observed actuallyat ground level; only a few of the rats 

attempted to climb the fence and enter the paddy.
 

Tracking tile data were normalized (Iactual data + 0.5) and 

treated as a time-replicated factorial experiment with a completely
 

Main effects were compared by HSD (Honestly
randomized design. 

Rat activity increased with
Significant Difference; Table 10). 


growing season so that significantly more tiles were tracked during
 

the early- to late-maturing period than during the earlier stages of
 

Activity outside the bairiers was significantly
rice growth (P < 0.05). 
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Table 9. Mean temperature and relative humidity at early morning
 

(0645-0830), mid-day (1200-1400), and early evening
 

(1800-2000) for six study plots, and mean voltage for
 

non-lethal barriers during a field trial at the
 

International Rice Research Institute, summer dry season.
 

Measurement Summary
 

Sample Size Mean Range
 

Voltage*
 

58 1814 600-4000
Morning 


2259 1000-7500
Mid-day 54 


2055 600-7500
Evening 60 


Temperature (0F)
 

20 84.8 80-98
Morning 


90.0 83-98
18
Mid-day 


19 82.9 78-88
Evening 


Relative Humidity (X)
 

20 76.0 43-87
Morning 


71.5 57-89
Mid-day 18 


19 77.7 60-91
Evening 


* Measured with a "Voltage Tester, VT-100"
 



of rat activity reported as the average percentage of tracked tiles
Table 10. Morning measurements 

Ten tiles were placed outside and
for three consecutive nights each area and period. 

at three study sites during the dry season on IRRIten inside the barriers each night 

(x + 0.5 ) are in parenthesis. Evening measurementsexperimental plots. Transformed data 
were all negative except one in area B, non-lethal fence (outside) during the 3 WAT-booting
 

period. 

Lethal Barriers Non-lethal Barriers
 

Area C Average Area A Area B Area C AveragePeriod* Area A Area B 

Tiles Placed Outside
 
Barriers
 

1(1.10) 7(2.74) 7(2.74) 0(0.71) 4(2.06)

1 (3 WAT-Booting) 0(0.71) 3(1.87) O(O.71) 


2 (Booting-Early Maturing) 3(1.87) 7(2.74) 13(3.67) 8(2.76) 17(4.18) 7(2.74) 7(2.74) 10(3.22)
 

23(4.85) 47(6.84) 37(6.12) 36(5.95) 43(6.60) 40(6.36) 23(4.85) 36(5.94)
3 (Early-Late Maturing) 

9(2.48) 19(3.83) 17(3.50) 15(3.27) 22(4.51) 18(3.95) 10(2.77) 17(3.74)
1-3 (Average, All Periods) 


Tiles Placed Inside
 
Barriers
 

0(0.71) 0(0.71) 0(0.71) 0(0.71)
1 (3WAT-Booting) O(O.71) 0(0.71) 0(0.71) 0(0.71) 


2 (Booting-Early Maturing) 0(0.71) 3(1.87) O(O.-1) 1(1.10) 0(0.71) 0(0.71) 0(0.71) 0(0.71) 
7(2.74) 3(1.77)_
3 (Early-Late Maturing) 0(0.71) 30(5.52) 10(3.24) 13(3.16) 0(0.71) 3(1.87) 

2(1.39) 1(1.06)
1-3 (Average, All Periods) 0(0.71) 11(2.70) 3(1.55) 5(1.65) 0(0.71) 1(1.10) 


Means for major effects were separated by HSD (P<0.05) following analysis of variance; 
activity during
* 


Period 3 > Period I and Period 2; activity outside barriers > inside barriers.
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(P < 0.05) greater than inside the barriers, so that both designs
 

appeared to afford some protection from rats. Rat activity, however,
 

was greater within plots surrounded by lethal barriers than within
 

those surrounded by the non-lethal barriers, average 5% vs. 1%
 

respectively (compared as percentage tracked tiles inside/percentage 

tracked tiles outside for each period and area, and using a paired 

t test and normalized data, P - 0.8 - 0.9). 

Relatively low levels of damage occurred in all of the plots,
 

but damage was greater in the plots surrounded by lethal barriers
 

(average 2.05%) than in those surrounded by the non-le.hal barriers
 

Despite the small sample size (2degrees of freedom),
(average 0.23%). 

this difference almost achieves a level of statistical significance
 

0.9) when compared using a two-sided paired t
(t - 2.0; P - 0.8 
analysis. 

We attempted to repeat this study during the following rainy
 

season, when rat intensity Is usually greater, and when the comparative
 
During
effectiveness of the fence designs would be better tested. 


this trial, however, vandalism of the non-lethal fences became a
 

chronic problem and prevented realistic comparison of the results.
 

However, a number of observations which were made during this trial
 

Two of the electric Fhockers malfunctioned during
warrant comment. 
the period of this trial. Although both were repaired shortly after 

the problem was detected and so did not seriously hamper the performance 

of the fences, the malfunctions were 1oth associated with transformer
 

contacts within the shocker, and indicate that weather-proofed shockers
 

may be required for long-term successful performance under the wet 
and
 

humid conditions of Philippine ricefields. Despite the generally
 
season trial, batteries operating the
humid conditions of this wet 

to be recharged once or twice during the
non-lethal barriers only had 


growing period. During several of the night observations, rats were
 

seen attempting to burrow under both barriers types; subFequent daytime
 
so that additional alterations
observations indicated the success of some 


in the prototype fence design may be required.
 

We conclude that the non-lethal. barriers provided comparable or
 

damage than the lethal barriers during the

better protectior from rat 


in the study plots, but that additional modifications of
dry season 

the


the prototype design may be required before the full benefits of 

Assuming comparable levels
non-lethal electric barrier is realized. 


of performance, the most striking observations are that the non-lethal
 

fences operated effectively without the need of a night crew to 
remove
 

electrocuted animals and without the need of daily battery recharges.
 

Although electric barriers, generally following the lethal fence
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design of IRRI as a model, are occassionally found 
in farmers' fields
 

in the Philippines, additional modifications 
of the non-lethal corcept
 

using local materials may eventually provide 
the small farmer with an
 

affordable alternative to chemical control for 
reduction of rat damage
 

in his ricefields.
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Acute Toxicity of Warfarin to Domestic Chickens
 

Introduction
 

Although anticoagulant rodenticides are 
generally considered
 

safe for non-target species, we routinely 
encourage farmers to place
 

stations containing bait in locations 
remote from livestock, and
 

suggest that they confine domestic animals 
during periods of baiting
 

or that they construct devices around the 
stations which prevent
 
Nevertheless, we occassion

access of non-target animals to the bait. 


ally receive complaints from farmers 
who believe that the bait has
 

usually domestic chickens (Gallus gallus).
killed their livestock --


To determine the potential hazard of warfarin 
to local domestic
 

chickens, we performed two acute oral 
toxicity trials in which test
 

animals were exposed to high levels of warfarin and observed 
for two
 

weeks.
 

Materials and Methods
 

Two tests were successively conducted 
in which 16 broiler chicks
 

a 1.5 X 1.5 X 1 m cage for two days
 (33-day old) were confined in 


before treatment, then exposed (by gavage) in groups of four to the
 

for the first test, 0, 25,
 
following concentrations of warfarin: 
 705
 
125, and 470 mg per kg body weight; 

for the second test, 0, 625, 


The animals were maintained with
 and 1057 mg per kg body weight. 

llibtum during a 14-day observation 

period
 
broiler mash and water ad 


following gavage, and those alive after 
this period were considered
 

Animals which died during the observation 
period were
 

survivors. 

necropsied to determine the cause of death.
 

Results and Discussion
 

one in
 
Four of the 32 fowl died during the 

period of observation; 


the control group, and one each in 
the groups dosed at 470, 625, and
 

Only two of these, one in the
 
705 mg per kg body weight (Table 11). 


group dosed at 470 mg per kg body weight 
and the other in the group
 

dosed at 705 mg per kg body weight, 
showed obvious signs of anticoagulant
 

None of the
 
internal hemorrhage and inflammed 

livers. 

poisoning --

fowls exposed to the 1057 mg per kg body weight level 

of warfarin died
 

during the period of study.
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Acute oral toxicity of warfarin to 33-day old 
broilpr


Table 11. 

chicks (unsexed). Four animals were used for each
 

dosage level and 8 for controls.
 

No. died during
Dosage
Average weight 


(mg/kg body weight) 14 days

of animals g) 


1
0
717.8 


0
25
675.5 


0
125
610.3 


1*
470
785 


1
625
700.2 


1*
705
753.5 


0
1057
701 


Results of necropsy indicated acute anticoagulant 
poisoning.


* 
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Based on these results, we conclude that the acute toxicity
 

(expressed as lethal dose in which fifty percent of the population
 

die) of warfarin to local domestic chickens is higher than the
 

levels tested in the trials, but that response of individual chickens
 

to the compound varies considerably. In order to receive a level of
 

warfarin equivalent to 470 mg per kg body weight, the lowest dosage
 

at which s fowl was affected during our trials, an animal would have
 

to consume almost two kg of bait containing 0.025% warfarin (the
 

concentration recommended for use in baiting programs); the probability
 

that a chicken would consume this amount by accidental exposure is
 

quite remote, and the probability that it would suffer acute effects
 

if it did are also low. We conclude that the use of warfarin as
 

recommended for reduction of rat damage to rice in the Philippines
 

represents an extremely low hazard to loc9l domestic chickens by
 

accidental poisoning, providing the farmer follows the recommended
 
a
baiting program and does riot allow his fowl to eat treated bait as 


substitute food source for extended periods of time.
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Protection of Corn Crops from Rat Damage Using Sustained
 
BaitIng with Anticoagulant kodenticides
 

Introduction
 

Sustained baitrg with anticoagulant rodenticides han been used
 

successfully to reduce rat damage in Philippine ricefields (Sanchez
 

et al., 1972-1975). Corn is another important cereal crop grown in
 

the Philippines and other Asian countries and, although actual losses
 

hrve not been quantified, corn is frequently subjected to heavy rat
 

damage. As with rice, traditional methods of control, when used,
 

appear to have little effect in reducing rat damage. In 1975, we
 

couducted a preliminary trial on the use of sustained baiting with
 

anticoagulants to protect corn crops from rat damage. Despite
 

generally low levels of damage, we concluded that the baiting program
 

effectively reduced damage in the treated plots, with modest economic
 

benefiz ior the farmer. A difficulty was encountered because the
 

trial was conducted in the fields of smell farmers, nnd differences
 

in production inputs (such as fertilizer) made it difficult to isolate
 

the actual benefits of the control program to the farmers.
 

The trial reported here was conducted within a large, mechanized
 

corn plantation so that production inputs, other than rat control,
 
were almost identical for each of the study plots. The experimental
 
desLgn was similar to that of the 1975 study, except that baiting was
 

delayed until five weeks after the corn had been planted.
 

Materials and Methods
 

Six 2-hectare plots (A-F), separated by at least 200 meters, wt:re
 
r lezted within a 35 hectare portion of the Don Carlos Corti Project,
 
a 400 hectare project located in Bukidnon, Mindanao. The study site
 
was surrounded by a forest and creek on three sides and unultivated
 

shrub area on the fourth side. Plots A-D were closest :.-the fores~e;.
 

aides, whi'' Plots E and F were located near the shrub area. All plots
 
were separaced from uncultivated vegetation by at Jtest 5O u' ers.
 
Mansg-:s for the project had reported heavy rat damage in the nst
 

in this area and agreed to cooperate fully with the study. Th:'e
 
plots (A, C, E) were selected for treatment while the remaining three
 

(B, D, F) !'ere designated as reference plots.
 

In each of the treated plots, six points (one in each of the corners
 
and one at the midpoint of the two longest sides) were arbitrarily
 
chosen for baiting. Four bait staticno, constructed from coconut husk
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were initially placed
with bamboo (see Sanchez et al., 1974t p. 93), 


at each baiting point and filled with 200 grams 
of 0.025% warfarin
 

treated rice shorts (binlid; both low quality rice and corn were
 

used as bait during the study). Baiting was initiated on the sixth
 
Stations were
 

week after planting and continued until harvest. 


checked 2-3 times weekly, number of stations and amounts 
of bait
 

added were adjusted to maintain a slight excess 
over consumption,
 

and amounts of bait added weekly were recorded. 
No rodenticides
 

were used in reference plots.
 

In each of the plots, data were also collected 
on species coraposi-


Species composi
tion, levels of rat activity, and extent of damage. 


traps per plot for two
 
tion was determined by snap trapping with 2 
 Rat activity

consecutive nights prior to baiting in the treated 

plots. 


was determined with tracking tiles before treatment 
and at 8 and 11
 

weeks after planting. Twenty-four tracking tiles, placed in three
 

transects with 10 tiles each at about 25-meter 
intervals, were used
 

in each plot for 3 consecutive nights. Relative levels of activity
 

were based on numbers of positive (rat-tracked) tiles.
 

Since
 
Damage appraisals were conducted within 2 weeks 

of harvest. 


were 200 meters long, ten rows
 each plot consisted of 133 rows that 

ten 3amples (each consisting of one meter
 were randomly selected and 


and eight plants) were taken for each selected row, or a total of
 

For each sample, the number
 
100 samples (800 plants) for each plot. 


ears with rat damage was recorded. Because plots
of plants having 
were equal in size, the same sampling sequence 

was used in each plot.
 

Records were maintained by the project managers of all produc'Aon
 
Other Lhnn yields, these
season.
investments made during the growing 


records were not available at the time of preparation 
of this report,
 

thic
 
but the" will be analyzed and presented in the 

final report ot 


study.
 

Results
 

A total of 29 animals were collected during 
the 2 nights of trapping
 

(250 trap nights) before treatment, or about 
an 11.6% trap success.
 

Seventeen were taken from the treated plots, 
12 from the reference plots.
 

(59%), followed by
 
In treated plots, R. r. mindanensis was most common 

'n
and R. argentiventer (6%).

R. exulans (24%), S. murinus (12%), 

common (75%), followed
mindanenss was also most
reference plots, R. r. 
No S. murinus were 

by A. exulans (17%) and R. argentiventer (8%). 


collected in the reference plots.
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Bait and bait stations were added at baiting points in the
 

treated plots as dictated by consumption, so we assume that records
 

of bait additions closely approximate actual consumption. 
As shown
 

in Table 12, actual consumption was greatest during the first week
 

of baiting (the sixth week after planting) when an average of 4.8 
kg
 

of bait was added in each of the treated plots. Consumption then
 

declined for one week, increased gradually for three weeks, 
and
 

dropped rapidly to zero by the eleventh week after harvest. 
After
 

the initial surge of bait consumption (when an average 
of 200 g of
 

taken from each of the stations), numbers of stations 
were
 

bait was 

adjusted to maintain an average of 138 grams or less consumption 

per
 

Total bait additions for the three treated plots
station per week. 

and lowest in
averaged 16.6 kg, was highest in Plot A (19.8 kg), 


Plot C (14.7 kg).
 

Based on tracking tile data, treated and reference plots had
 

similar levels of rat activity before baiting (Figure 12). In
 
the cropping
reference plots, activity remained about the same as 


season progressed, while it decreased rapidly in the treated 
plots.
 

By the 8th week after planting, rat activity in the treated plots
 

was considerably lower than in the reference plots (average 
3.0%
 

the difference was even more pronounced by
vs 16.7%, respectively); 

week after planting (average 0% vs 16.3%, respectively).
the 11th 


Eight hundred (0.38%) hills in each plot were sampled for rat
 

damage within 1 week of harvest. Damage was considerably lower in
 
5.4% respectively.
the treated than in the reference plots, 0.86% vs 


Assuming that our samples were typical for each of the plots, 
about
 

11,500 hills per plot were damaged in the reference plots compared
 

to an average of 1,830 in the treated plots, a difference of about
 

9,670 hills per two hectare plot, or a damage reduction of about
 

84%.
 

We estimate that the cost for rat control in the treated plots
 
Theie
ranged from Y28.50-P32.40 per hectare and averaged about P30. 


estimates are based on the cost for preparation and use of 7.35-9.9 
kg
 

of bait per hectare at fl.50 per kg, and on the average time for
 

maintenance of baits stations of 2.5 hours per week per hectare at
 

a labor cost of YI.00 per hour.
 

cavans per hectare
Harvests in the treated plots averaged 77.7 

cavans per hectare,
while those in the reference plots averaged 73.3 


The corn was sold at a
 a difference of 4.4 cavans per hectare. 

that corn in the treated plots
standard price of ?50 per cavan, so 


had a gross value which averaged f220 per hectare more than the
 

average for the reference plots.
 

http:Y28.50-P32.40
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Average numbers of bait stations and 
amounts of bait used
 

Table 12. 

in three two-hectare cornfields 

employing sustained baiting
 

with chronic toxicants at Don Carlos 
Corn Project, Bukidnon,
 

Mindanvo.
 

Weeks After 
Planting

0 

Average No. of 

Stations/Plot 
0 

Total 
Bait Added 

(kplon 

0 

Weekl 
statin) 

0 

0 0 0 0 

2 0 0 0 

3 0 0 0 

3 
4 
5 

0 
0 
0 

0 

0 
0o 

0 

6 24 4.8 200 

7 24 3.3 138 

8 26 3.6 138 

9 32 4.4 138 

10 24 0.6 25 

11 12 0 0 

12 6 0 0 
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Rigure 12. Rat activity In three treated and three reference corn 
plats, and bait used (average weekly, kg/plot) in the 
treated plots. Plots were 2 hectarez each and located 
near Buktdnon, -o. Rat activity is based on the 
average percentage of tracked tiles hich were placed In 

the plots at three week Intervals for three consecutive 
nights. 
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Discussion 

Bait consumption and rat activity generally followed the
 

patterns that we have observed wher autained baiting is used In
 

ricefields and in the previous trial in cornfields. The high level
 

of consumption during the first week ii of Interest and may have been
 

a result of delaying the baiting program until the fifth week after
 

Total costs for the labor required to maintain the stations
planting. 

(estimated at r5 per hectare per week and over one-half of the total
 

program costs) were reduced considerably, but the effects on overall
 

bait consumption and effectiveness of the control. program are unknown
 

and require additional study. On small farms the costs for labor can
 

sometimes be disregarded because the farmer does the work himself and
 
Thus, the period of
in combination with other farming activities. 


baiting may not be a critical factor in determining program costs at
 

the small farm level.
 

Yields in the reference plots averaged 73.3 cavans per hectare,
 

4.4 cavans less (or about 5.7%) than in the treated plots. Likewise,
 
was less than 1%
damage in the reference plots averaged 5.4% while it 


in the treated plots. Because all other production factors were kept
 

the same within the experimental plots, we suggest that the difference
 

in yields was a consequence of the sustained baiting program.
 

Additional work is required before a refined statement of economic
 
50 per cavan, corn
benefit can be presented. At a market value of 


produced in the treated plot was worth about ?220 more per hectare than
 

in the reference plots. With an average cost of control of about P30
 
Since these
 per hectare, we estimate a cost to benefit of about 1/7. 


was
estimates assume complete loss of ears on damaged plants (which 


the cost to benefit would be lower if some ears
frequently the case), 

on damage plants could be harvested. In contrast, the cost to benefit
 

would be considerably higher in the fields of small farmers where the
 

costs for maintenance and operation of the bait stations are lower.
 

We conclude from this study that sustained baiting with anticoagu
corn plots. Additional
lants effectively reduced damage in the treated 


studies are required to obtain more refined information on the economic
 

benefits of the program, but our preliminary analysis, based on this
 

study, is that the baiting procedure provides considerable potential
 

for good economic return, particularly when applied at the small farm
 

level.
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Assessing Rat Damage to Corn
 

Introduction
 

At least two methods are required for the complete assessment of 
direct losses to rodents in cornfields: one, a sampling method, is 
use to determine the proportion of ears having at least sone damag, 
in the field; the other, usually based on a known relationship 
between corn weight and a pprameter of damage, is used to determine 
the extent of loss on damaged ears. In situations where partial 
damage to an ear of corn means complete losa of the ear (for example, 
when sweet corn is grown for sale in commercial markets), only the 
sampling method may be required for a reliable estimate of economic 
loss. In many situations in the Philippines, howuver, partially 
damaged ears are used for various purposes (such as animal feed), so 
that reliable estimates of economic loss (and consequently, economic 
benefit of potential. control programs) require both methods. 

Stone et al., (1972-1973) have suggested sampling methods for 
surveying bird damage to corn in the field, and we have used methods 
similar to theirs for estimatl.g the proportion of ears receiving 
rat damage in the Philippines. A major problem is that the reliability 
of these methods depends upon the distributional patterns of rat damage 
in the cornfields, a factor which had not been investigated carefully 
in the Philippines, so that the reliability of the sampling methods are 
essentially unknown.
 

De Crazio et al., (1969) have developed a method for predicting 
weight loss caused by blackbird damage to individual ears of corn, and 
we have modified this method for use with rat damage in the Philippines 
(Sanchez et al., 1975). The method has two major problems, however: it 
is based on the relationship between weight of corn los& and length of 
damage, which is heavily influenced by the total length of ear, and 
requires several equations for reliable prediction of corn loss if ears
 
of different lengths are considered; and, for use with rat damage in 
the Philippines, the damage patterns of sampled ears must be described 
as eigher "strip-type" or "circular-type" (each has its own sets of 
regression equations) -- many of the actual damage patterns which we 
observe in the field fit neither type.
 

We report here the preliminary results of two approaches to the
 
development of a simple and reliable method for assessing rat damage to
 
corn in the Philippines. In the first, we use distributional maps of
 
rat damage in cornfields to determine the reliability of potential
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sampling methods. In the second, we investigate the relationship
 
corn to determine
 

between kernel weight and area occupied on ears 
of 


the basis for a simple, reliable
 if this relationship might serve as 


means of predicting corn loss to rat damage.
 

The Reliability of Potential Samp]inp Methods
 

Materials and Methods
 

the
 
Two fields within two weeks of harvest were 

selected: one at 


the other owned by a
 
Lanese Experimental Area in Misamis Oriental; 


The first field, approximately
farmer near San Isidro, Agusan Sur. 


0.15 hectare, was surrounded by grasses and 
weeds on two sides and an
 

the other sides, and appeared

uncultivated ricefield and a cornfiel.d on 


The second field, approximately 0.35 
to be severely infested by rats. 
 the same
 
hectare, was surrounded on three sides '1y other cornfields at 


the fourth side by a weedy river embankstage of development and on 
 The fields
 
ment, and appeared to have a low level of rat infestation. 


In each field, we
 corn variety, BPI DMR-l. 
were planted with the same 


and the number of hills of corn plants in
 counted the numbers of rows 


each row (columns). We then examined the ears of corn on each hill
 
We used this
 

and recorded the hills (rows and columns) with rat damage. 


data to develop a distributional map of hills 
with rat damage for each
 

of the fields.
 

Using the maps as models, we simulated three 
types of sampling
 

methods for the assessment of the proportion 
of hills having rat damage.
 

For the
 
Witl. each test and method, we sampled about 

5% of the hills. 


first sampling method (random), we randomly selected about 1%of the 

hills in the field, and "examined" the selected hill plus the next four 

second sampling method (system
in that column for rat damage. For the 

as a starting point.
 
atic), we randomly selected a hill within 

the field 


From the starting point, we alternately "examined" 
five hills in the
 

column, skipped five, "examined" five, etc, 
and sampled every tenth row,
 

and the pattern of 
of 5% of ten hilln were "examined" so that a total For the
 

examination was uniformly distributed throughout 
the field. 


randomly selected 0.2% of
 
third sampling method (random-clumped), e 

all the hills within a five
the fields, then "examined"the hills in 

(25 hills), using the selected hill as the one
 row by five column area 
 row and column number;
 
within the sampling area which has the lowest 


again, a total of about 5% of the hills were "examined" for each test
 

with this method. We simulated each method on the maps five 
times for
 

For each test, we estimated the proportion 
of
 

a total of thirty tests. 

damage as follows:
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hills "examined" with damage X 100
 
hills damaged (percentage) 


total hills "examined" 

Results and Discussion
 

the Lanese Experimental Area had a 
total of 5952
 

The field at 
 The field near San
 
hills, of whIch 895 (15.04%) had rat 

damage. 

(4.85%) had rat
 

Isidro had a total of 1.2,853 hills, of which 624 


rat damage within the fields appeared

damage. Disvribution of 


influenced by proxhivty to uncultivated 
adjacent areas, and hills
 

with damage were frequently clumped together (Tables 13-14). 

the 
Of the sampling methods tested, the systematic 

method had 

lowest variability, but the random method oppearcd most accurate
 
both mc.st variable and 

(Table 15). The random-clumped method was 

least accurate, perhaps because it required 
fewer samples to examine 

damage slightlymethod overestimatedThe random5% of the population. 

(0.7% and 3.5%) In both fields, while 

the systematic method over

with a higher level of damage,

estimated damage (1.6.7%) in the field 


In the other field.
 and underestimated damage (8.4%) 


required to determine which of these
 While additional studies are 

of them, wl provide the best results with 

methods, or modifications 
the least effort in the field, the use of distribuional maps as models
 

a g methods could be simulated provided 
on which potential sampli 

the reliability of 
and sensitive means of comparingrelatively quick 

a useful tool for the 
each of the sampling methods, and appears to be 

a variety of
 
development of assessment methods for vertebrate 

damage in 


crops.
 

ars of Corn
 
Relationship Between Kernel Weight and Area Occupied 

on 


Materials and Methods
 

(40) of mature, field-dried corn of various 
sizes were
 

Sample ears 
 a seven
 
randomly picked at harvest from ears having rat damage 

in 


hectare cornfield near Barcinaga, Mindoro, 
and brought to the laboratory
 

for study.
 

Each ear was husked, numbered, wrapped tightly 
with a sheet of carbon
 

The tracing
 
paper and tracing paper, and rubbed thoroughly 

with a pencil. 




Table 13. Distribution of hills with ears damaged by rats at harvest in a 0.15 hectare cornfield
 

(variety BPI-DMR-l) at the Lanese Experimental Area, Misamis Oriental. The field was
 

surrounded by uncultivated areas. Numbers in parentheses represent total hills within
 

incomplete blocks -- all other blocks contain 25 hills. Of 5952 hills in this plot,
 

89i (15.04%) had damaged ears.
 

46-50 51-55 56-60 61
Columns/Rows 1-5 6-10 	11-15 16-20 21-25 26-30 31-35 36-40 41-45 


-
101 - - - 2(4) 2(5) 0(5) 1(5) 3(5) 1(3) - 

4 10 2 5 4 13 1(3) - 96-100 1(1) 9(11) 	7(22) 
4 1 	 6(15) 0(I) 91- 95 17 4 3 0 2 3 8 9 


0 7 1 9 7(14) 86- 90 5 5 	 7 0 0 0 4 

7 7 8 2(3)81- 85 2 2 2 0 0 2 9 1 1 

3(5)76- 80 8 2 	 1 1 4 7 11 1 5 4 2 6 
3(5)
71- 75 5 1 	 0 3 0 2 1 0 1 8 4 2 

2 1 0 2 	 2 1(5)66- 70 5 9 	 0 2 6 0 1 
4 0 0 3 4 0 3 6 2 6 1(5)61- 65 5 2 

0 1 4 3 7 2 6 2(5)56- 60 2 0 2 1 3 
0 0 0 0 0 1(5)51- 55 1 3 	 1 1 2 3 1 

3 2 3 1(5)46- 50 7 2 2 3 2 2 1 5 1 
3(5)41- 45 3 0 	 3 1 2 0 2 1 3 0 4 4 

9 4 9 5 1 1(5)36- 40 1 2 	 8 0 4 4 3 
2 3 11 2 3 7 5 2 4 1(5)31- 35 4 8 	 0 

0 2 4 3 5 3 2 4 2(5)
26- 30 6 1 7 9 
4 4 9 3 5 5 5 10 2(5)21- 25 4 7 1 4 

4 3 3 8 4 2 3(5)16- 20 8 8 	 3 4 6 2 
4 3 3 5 1(5)
11- 15 4 3 	 5 0 2 1 3 3 


6- 10 4 4 2 6 2 4 8 1 8 1 1 3 1(5) 
11 6 2(5)1- 5 2 7 6 9 7 2 4 9 5 3 



Table 14. Distribution of hills with ears damaged by rats at harvest in a 0.35 hectare cornfield
 

(variety BPI DMR-l) near San Isidro, Agusan Sur. The field was adjacent to other
 

cornfields on three sides and to a shrubby area on the fourth (left side below). Numbers
 

in parentheses represent total hills within incomplete blocks - all other blocks contain
 

25 hills. Of 12,853 hills, 624(4.85%) had damaged ears.
 

C 0) -4 i-4 
Un 0 n 0 U C Un C UW C0 0 tfn 0 r-4-I 

-n V% U, %C %C cc~ W- % ON r-4 II 
Ln -4 I I I I I I I I I I i I I I I I I0 .4 4 C C M ~ .-I 0 r.-4 

'0 v'0 
ColUMns/RoWS %0 - ' C4. C M' 4t -T , , 0 f - r - 0 ON 0% r-4 r-4 r-iI I 'C '-I - 0 - %1 -4 1,0 ,-I '0 - ' 1.- r- 1 0 C 

Cn 	 .0 

0 0 0 0 0 	 0 0 - - 0 0 0 0 0 0 0 0 0
116-120 1 1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0(5) - 111-115 3 0 0 2 0 0 0 

0 0(6) - 106-110 6 4 	 1 5 1 2 0 1 0 0 0 0 0 0 0 0 0 0 0 

0 0 7 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0(10) -- 101-105 2 3 
0 0 0 0 0 0 0 0 0(13) - 96-100 1 0 0 2 2 5 3 0 1 	 0 1 0 


1 1 0 0 0 0 0 0 0 ) G 0(15)- 91- 95 6 2 n 1 0 0 0 1 1 

0 0 0 0 0 0 0(19) - 86- 90 1 1 2 2 0 0 0 1 2 0 0 1 0 0 


0 0 0(20) - 81- 85 6 0 	 2 1 1 0 6 0 0 1 1 1 3 5 0 0 0 0 


0 0 0 0 0 4 1 0 7 1 0 0 1 0 0 0 0 0 0(25) - 76- 80 3 3 

7 1 1 0 0 0 0 0 0 0(1) 71- 75 8 1 5 3 7 2 0 0 0 0 0 8 


0(5) 66- 70 3 1 0 0 	 0 1 3 2 0 0 0 0 0 0 1 1 6 0 0 0 0 


0 0 0 1 0 0 1 1 0 4 2 2 0 1 1 0 0 0(7) 61- 65 0 2 1 4 

0 3 0 0 0 0 0 0(10) 56- 60 2 1 6 2 0 1 2 0 2 	 0 0 0 0 0 


5 2 0 11 6 5 3 3 0 0 0 0 0(15) 51- 55 1 7 	 3 1 0 0 0 3 1 
0 0 4 5 3 3 8 0 2 11 0 0 	 0 0 0 0 0(18) 46- 50 7 3 0 0 0 


0 1 1 3 0 0 0(20) 41- 45 0 0 0 0 0 5 0 4 0 4 4 2 0 0 0 

3 3 1 0 0 0 0(23) 36- 40 0 0 0 0 5 6 0 4 2 0 1 	 0 0 5 5 


0 0 7 3 0 0 0 0 0 0 0(25) 31- 35 5 0 0 0 1 0 0 0 0 0 4 


26- 30 2 4 0 5 0 0 
 0 2 0 6 1 2 11 3 0 0 1 0 0 0 0 0 0(5) 

2 1 0 0 0 1 0 6 0 1 0 1 1 0 1 0 0 0 0(7)21- 25 4 3 1 0 
0 10 0 2 0 1 2 0 0 0 0(10)16- 20 4 3 2 1 6 0 2 0 0 3 4 	 1 


0 1 12 1 0 1 1 1 0 0 0 0(14)
11 15 6 1 7 1 2 0 8 0 	 2 1 0 
1 2 0 4 9 0 1 2 1 0 0 0 0 0 0(15)6 10 3 3 0 2 3 0 2 0 
2 1 1 6 0 1 1 1 0 0 0 0 0 0 0(20)1- 5 6 6 4 8 3 1 4 0 

http:624(4.85
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Results of three sampling methods for the estimation 
of
 

Table 15. 

rat damage in cornfields. Methods, based on about 5%
 

of the hills, were simulated on distribution 
maps of
 

damaged h.ills in two cornfields.
 

Sampling Method
 

Systematic Random-Clumped
Random 


Field A*
 
12
60
60


No. Samples/Test 5
5
5

No. Tests 


14.93 12.53 1.80Estimated Damage 

Mean149125118 (4.0-17.3)
(11.0-14.7)
(1.2.3-18.0)
Range 2.20
0.63
1.11
Std. Error of Mean 
 15.0
15.0
15.0


Actual Damage (%) 
0.7 21.5
16.7 


Error (%)** 


Field B***
 
26
130
130


No. Samples/Test 5
5
5

No. Tests 

Estimated Damage (%): 7.45
5.26
5.01
Mean (4.8-6.0) (4.2-10.0)
(3.4-7.2)
Range 1.03
0.20
0.65
Std. Error of Mean 4.85
4.85 

Actual Damage (%) 4.85 

548.4
3.3

Error (%)** 


0.15 hectare, variety B111 DMR-1, at the Lanese Experimental Station,
 
0 


Misamis Oriental
 
(Mean Estimated Damage - Actual Damage) I Actual Damage 

x 100
 
Error 
0.25 htctare, variety BPI DMR-l,near 

San Isidro, Agusan Sur
 
*** 
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paper, when removed, had dark, rectangular impressions in columns
 
(undamaged area), and light
which corresponded to kernels on the ear 


areas where rat damage had rccurred. Profiles of these areas were
 
labeled damaged or undamaged,
traced an graph paper (0.01 square inch), 


ear. The ear was then shelled,
and numbered to correspond with the 


and the lernels weighed (weights obtained were not adjusted to 14% 

water content for this preliminary study). 

The following measurements were obtained from each of the profiles: 

greatest length (with kernels) of ear (mm), greatest length of damage 
and damaged areas (square(mm), greatest width of damage (mm), and total 


area were made by using a compensating polar
inches). Measurements of 

planimeter with the tracer arm adjusted to read in 0.01 square inches;
 

and the average used as the measureperimeters were traced three t.mes 
For ten of the samples, randomly selected, areas were also
ment. 


determined by counting blocks (0.01 square inch) on the graph paper 

within the profiles. The undamaged area of an ear was obtained by 

subtracting the damaged area from the total area. 

Results and Discussion
 

The greatest length (with kernels) of ears ranged from 55 nun to
 

148 mm and the totsl surface area from 7.85 square inches to 25.55 square
 

the sample Included ears with about a threefoldinches (Table 16); thus, 
Indicated by measurements of greatest
variation in size. likewise, as 


length, width and area, damage vrlo'd from negligible to almost complete
 

loss of kernels among the ears included In the sample. l)amage patternb
 
near the apex
also varied consideraibly, but always appeared to oripinate 

of the ear. We would have found it,difficult to classify most of these 

patterns as either "strip-type" or "circular--Lype"; profiles of damage 

were quite irregular and most seemed te have some attributes of both 

types.
 

To de-ermiie our skill In using the planimeter, we compared (by
 

simple linear regression) total and dam ged areas obtaJned by using the
 

planimeter for ten of the samples with results obtained by counting
 

squares within profiles for the same arenas. For both total and damaged
 

areas, results of the two methods were highly correlated (for damaged
 

47; for both, r > .998, P << 0.001).
area, t - 63; for total area, t -


Slopes for the regres, ion equations relating the squares method (X) 
to
 

the planimeter tnethod (Y)were 0.988 and 1.022 for damaged area and total
 

area respectively, indicating that the planimeter was calibrated and
 

operating correctly.
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Table 16. Measurements of rat damage to 40 ears of yellow corn
 
a
 

randomly selected from those damaged at harvest 
in 


seven hectare field near Barcinaga, Mindoro, June 
1976.
 

Standard Error
 
of Mean Range
Mean
Measurement 


Greatest Length (with Kernels) 12.1 
 55-148
103.6
of Ear (mm) 


Greatest Length of
 19.6 18-117
 
Damage (mm) 67.7 


Greatest Width of
 
9.6 13-93
 

Damage (mm) 49.2 


Weight of Undamaged
 
10.0 3-77
30.1
Corn (g) 


Surface Area (0.01 sq. in.)*
 

6675 785-2555
1598
Total 

2087 68-1140
428
Damaged 

8761 182-2444
1170
Undamaged 


* Areas were transferred from ears to paper by 
wrapping carbon paper 

Outlines
 
and tracing paper around ears and rubbing with 

a pencil. 

each
 

of damaged and total surface were transferred 
to graph paper: 


surface was measured three times for each ear 
using a compensating
 
read in 0.01 square


polar planimeter (with tracer arm adjusted 
to 


inches) and average readings were used as 
measurements. Undamaged
 

area %as obtained by subtracting total area from damaged area.
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Since the weight loss ot corn from damaged ears was unknown, we
 

tested the relationship between area of undamaged corn and its weight.
 

As shown in Figure 13, these are highly correlated (r - 0.96; P i<
 

0.001) with the relationship dcscribed by a single linear equatIon,
 

Y = O.OJ2OS) - 7.94 where Y is the waight of undamaged corn (grams)
 

and X is the undamaged area of the cob in square inches. We note
 

that-this relatiorship was dnrived from actual field samples having
 

irregular patterns of damage (and, conversely, of non-damaged areas),
 

without the need for seperating patternn of damage into types, and
 

without the need for developing uoparate regression equations for
 

different categories of cob length.
 

We also note, hiowever, that three curves which deviate from this
 
Thcoe are most obvious
relationship can be detected in Figure 13. 


with the higher areas and greater weights of corn, and apparently
 

correspond to dLifferent total ear sizes. The deviation is relatively
 

small, however, so that simple linear rcgression can still be used to
 

accurately describe the relat:,onship between area and weight of un

damaged corn for the population of ears.
 

We conclude that area of damagc, irregardless of its pattern, can
 

be easily measured by use of tracing paper and a compensating polar
 

planimeter, that the relationship between area of damage and corn loss
 

(weight) may be less affected by ear length than the relationship
 
(weight), and that additional,
between length of damage and corn loss 


more detailed studies are warranted.
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Figure 13. 	 The relationship between weight of undamaged corn and area
 

occuppied on ears which had rat damage in a seven hectare
 

cornfield near Barcinaga, Mindoro.
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Biological and To:dcoloicai Stdies on Philipne Peat Bird Speciea 

Introduct ion
 

Feeding behavior and damnge potential of three Philippine bird 

pests have already been reported (Al !iola et al., 1973; Benigno et al., 

1975). Preliminary results of toxicnlogical studies and initial field 

trials on the use of methyl carl)vzate and fenthion Gs bird repellents 
were reported last year (Sanchez ot al., 1975). These trials were 

continued durin iecurrent year: additional observations were made 
on the damage be lavior of pet species and the reproductive behavior 
of Lonchura malacca, and initial toxicological studies were conducted on 

methamidophon (0,5-dimethyl phosphoro--midothiate), an insecticide which 

has been observed to kill Passer montanus when it feeds on worms from 
cabbage plants treated with the compound. 

Materials and Methods
 

For the trial on the use of methyl carbamate and fenthion as 
repellents, six plots (each 5m X lOin and separated by at least 20m) 
were located within a two hectare ric-.ficld at three weeks before harvest 

in Baco, Mindoro Oriental. Plots we:e randomly assigned treatments: 
two were sprayed with methyl. carbamr-te (4.7 kg active ingredient per
 

hectare in water); two were sprayed with fenthion (0.9 gallon containing 
50% emulsifiable cohcentrate per hectare); and, two were left untreated. 
One hundred hills ware raucomly selected within each plot and examined 
for damage 14 days after trebt,.ent; hillD were recurded as either damaged
 

or not damaged.
 

For further observations on the damage p atterns of pest species, 

four study plots (each 2m x 14m and seperated by 0.3m dikes) were 
selected in an experimental ricelield of the University or the Philippines 
at Los Bafios. Hills were examined ror bird damage at hard dough stage 

of development. For each plot, 46 randomly 6el, cted hills were examined: 
10 each in four rows (2 edge rowe and 2 interior :own) of hills and 6
 

each in two widthr (edges) of the plots. Ills 07:onIfned were recorded 
as either having or not having bird damage. A ter attempt to protect 

these plots with wcthiocnrb was foiled by h a -yrains five hours after
 

spraying which diluted the coiucetration of repellent and by disappearance
 
of the pest birds shortly before treatment.
 

To obtain some information on the reproductive behavior of birds, a
 

0.5 hectare calamansi orchard with 300 trees, located in Barcinaga,
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eleven consecutive months.
Mindoro Oriental, was visited monthly tor 


On each visit, the number of nests, nests with eggs, and hatched young 

The data obtained ws used to determine the breeding
were recorded. 

whirh has uscd this orchard as a breeding site season for L. malacca, 

in the nast.
 

The acute oral toxicitles of inethanddnphoh to three Lonchura 

species and P. montanun were determined and compared with those of 

used for the toTlcity trials have already been
carbofuran. Procedures 

1974).
described (Sanchez et al., 


Results and Discussion 

Plots treated with methyl carhaniate and fenthion averaged 
6.5%
 

and 7.0% damaged hills respectively, whilp the two untj-ented plots
 

This indicate; that both compounds hold
averaged 22% damaged hille. 


promise of reducing crop losses to brd pests, but ndditional, more
 
counts are required to

detailed trials Involving larger arenas nvd bird 

assure the validity of the recult5.
 

observed th? Univers-ity of the PhilippinesIn the ricefield plots at 
damaged along the widthsignificantl; rnore
at 

,-owe (either olong the edges or
 Los Banos, hiis were 

(edges) oL the plots than along the 
This datn indicates . behaviornl preference

within the plots; Table 17). 

the short edges of the e-perin tal plots,

of birds for feeding along 
studies are requ'ired to see I this preference is

but additional 
We also obscrve'd, btir were unablethe ofmaintained in lelde farmers. 

to vary with the density
to quantify, that damage dirtribut!oi, appeared 


the density, the grater thc like1lhoc d for a

of plants: the lower 
random distribotion of bird damage tbrnighouit the pl]ts; the greater the 

density, the gv'eater the* lkelfIhood that birds would corgregnte near the 

edge of plots end darmage only the I*criheraii plents. rn most situations, 

the tallert pnnicle in a hill which contained
birds seemed to prefer 
milky oi maturing grains. -. aunctulata L. la , L. leucoster and 

P. montanus were all observed dnmagpug grains in the:e plots. 

18, nests for L. ujlacca were observed from February
As shown in Table 

from July through October in the calamansi jrchard in 
through May and 

the nests during two times of 
Mindoro Oriental. Young were observe.1 In 

the year: March and April., and August ::hrough October (trees were pruned 
L. malacca

in September and no nests were observed). Thin indicates that 
in contrast 

may have a bimodal annual breedhig sennon at this study site, 

on l.u-on, where a single nesting peak was observed in 
to L. nunctulata 

in (Sanchezfollowed three months later, July
April and a peak of young 

studies are required to verify these findings.
et al., 1974). Additional 



Table 17. 	 Percentage of hills having damage in four study plots in an experimental ricefield
 
at the University of the Philippines at Los Bafios. Two rows (lengths) were sampled
 
along the edges and two within each experimental plot, as well as the plants along
 
the width (edges only).
 

Outside Rows Inside Rows Width (Edges)
 
Actual Actual Actual
 

(M) (Transformed)* (M) (Transformed) (M) (Transformed) 

Plot I 	 40 (39.23) 20 (26.57) 83 (65.65) 

Plot II 50 (45.00) 	 45 (42.13) 100 (90.00) 

Plot III 50 (45.00) 	 50 (45.00) 100 (90.00) 

Plot IV 35 (36.27) 	 10 (18.43) 100 (90.00) 

b 	 a
Mean 	 43.8b (41.38) 31.2 (33.03) 95.2 (83.91)
 

* 	 Figures in the parentheses are the arcsine transformed values. Means were compared by 

Honestly Significant Difference; those having different superscripts are significantly 
different at the 1% level.
 

http:95.2(83.91
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Table 18. Reproductive data for L. malacca in a 0.5 hectare calamansi 
orchard in Barcinaga, Mindoro Oriental. Figures in parenthesis 
are ranges for numbers of eggs or young in individual nests. 

No. of trees No. of Total No. Total No. 

Months with nests new nests of eggs of young 

January 0 0 0 0 

February 3 3 9 (1-4) 0 

March 2 2 10 (0-5) 1 (0-1) 

April 3 4 6 (0-5) 3 (0-3) 

May 1 1 0 0 

June 0 0 0 0 

July 2 2 2 (1) 0 

August 3 3 5 (0-4) 2 (0-2) 

September ( Trees Pruned ) 

October 4 4 5 (1-4) 3 (1-2) 

November 0 0 0 0 
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The acute oral toxicity of methamidophos of pest birds is presented
 

it appears most toxic to L. punctulata and considerably
in Table 19: 

leas toxic to the other species tested. Except for L. punctulata,
 

the compound appears much less toxic to pest species than carbofuran.
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values (mg/kg) of carbofuran and methamidophos on
Table 19. 	LD 

four pest bird species. Figures in parentheses are the
 
95% confidence limits.
 

Chemical 

Species Carbofuran Methamidophos 

Lonchura Runctulata 0.49 (0.37-0.66) 0.34 (0.25-0.46) 

L. leucogastra 0.32 (0.28-0.40) 3.98 (2.92-5.43) 

L. malacca 0.26 (0.22-0.35) 3.21 (2.26-4.45) 

Passer montanus 0.38 (0.32-0.45) 5.40 (3.73-7.82) 
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0I
 

Arriving in flocks during the early milk to
 

maturing stages, pest birds sometimes cause
 

extensive damage to ricefields in the Philippines.
 

p
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TRAINING ACTIVITIES
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TRAINING ACTIVITIES
 

Introduction
 

The Center has been increasingly active in training and extension
 
within recent years. During this year, staff members provided resource
 
lectures, laboratories or demonstrations on rodent control to over
 
3000 government extension personnel and key fatinecs from the Philippines
 
and other countries. In addition, more than 300 visitors from many
 
countries were briefed on the Centerts activities, given technical
 
aisistance in the form of literature on rodent control, or advice in
 
program planning. Numerous request for technical information on rodent
 
control were filled with Center publications or copies of appropriate
 
material from our library.
 

Workshops and In-Service Training
 

In support of the Philippine Governments' intensified food production 
programs - Masagana 99, Masaganang Maisan, and Multiple Cropping, short 
courses on rice and corn production were again offered at UPLB and IRRI. 
Two-week courses on multiple cropping were again conducted by the 
Department of Agronomy, UPLB. These courses were aimed at updating the
 
knowledge of technicians on the methods and skills in crop management
 
practices and to present the principles of agricultural extension, farmer
 
cooperatives, and supervised farm credit. The workshops offered
 
opportunities for center staff members to present current information on
 
rodent biology and control. During these lecture-discussions, emphasis
 
was placed on mechanics and application of sustained baiting with
 
anticoagulants. Technicians from the Bureau of Plant Industry (BPI),
 
Bureau of Agricultural Extension (BAE), and other government agencies
 
were involved.
 

Center staff members again presented lectures on vertebrate pest
 
control in several one-month Supervised Farm Credit Courses involving

Philippine National Bank (PNB) and Agricultural Credit Administration
 
(ACA) loan officers. These courses were conducted under the auspices
 
of the Agricultural Credit and Cooperative Institute. Some staff members
 
also presented lectures on rodent control during in-service training
 
programs sponsored by the Farm Systems and Development Corporation, and
 
in programs sponsorcd by NFAC for outstanding farmers. About 40
 
technicians of the Philippine Sugar Institute (PHILSUGIN) were trained
 
by Center staff in damage assessment methodology during a special seminar
 
which was sponsored by PRILSUGIN. More than 100 students who took Crop
 
Protection Courses visited the Center and were briefed on its current
 
activities.
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In support of the National Rat Control Program for Masagana-99
 

and Non-Masagana 99-covered areas, 2 day workshops on vertebrate
 

pest management were conducted at the Rodent Research Center and in
 

selected places in the different regions of the Philippines. Center
 

staff served as a major resource during the workshops which itvolved 

Production Technicians of the BPI, BAE and regional rat control officers
 

of the BPI. Lectures on the principles and practices of rat control,
 

population biology and ecology, sustained baiting program, massive rat
 

control operations and data monitoring were presented to the participants.
 

International Training
 

Participatory research training was initiated at the Rodent Research
 

In this program trainees from Asian countries,
Center in late 1972. 

depending on their background and objectives, spend from two to six
 

months attached to the Center staff and participate in a variety of
 

on-going research and evaluation activities, work independently on
 

projects related to pest problems in their own countries, or develop
 

work plans or project proposals for presentation to their parent
 

agencies. Trainees are also given the opportunity to visit and observe
 

related studies being conducted by other agencies and to visit operational
 

rodent control programs in various parts of the Philippines. Participants
 

in this program have received support from United Nations Development
 

Programme Projects and USAID and from the governments of the Netherlands,
 

Indonesia, Nepal, South Korea, South Vietnam, and Germany.
 

One trainee from Nigeria completed this program in 1976. Mr. Thaddeus
 

A. Obadoni, a plant protection officer, arrived in late December (1975)
 

and remained at the Center for almost three months, under the sponsorship
 

of the Nigerian government and the International Institute of Tropical
 
Agriculture, Ibadan, Nigeria.
 

Graduate Training
 

The opportunity for Master's degree work in vertebrate pest management
 

is available through the University of the Philippines at Los Bafios (UPLB).
 
Scholarships, funded by the National Economic and Development Authority
 

(NEDA) and developed through the cooperation of the Rodent Research
 

Center Board, are available to provide support to qualified students.
 
Additional support for book and research expenses is provided by the
 
Bureau of Plant Industry. Graduate students have office space at the
 

Center and make use of its facilities in conducting their research;
 

senior staff members or other university faculty members may serve as
 

graduate advisors. Under this program, six students have completed
 

the requirements for the M.S. degree and six others have completed formal
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coursework and are currently conducting their thesis research. 
The
 

three M.S. graduates who joined the research staff of 
the Center are
 

pursuing Ph.D. degrees in pest management, one under 
a PCARR Graduate
 

Another
 
Fellowship, the others with UPLB's reduced fee privilege. 


PCARR Graduate Fellow, from PHILSUGIN, completed his 
coursework and
 

comprehensive examination during the year, and has begun 
research for
 

Mr. Pablo Ocampo, USAID contract technician who
 his dissertation. 

joined the Center this year, began taking coursework which will lead
 

to an M.S. degree in vertebrate biology.
 

Staff Instruction at UPLB
 

Several Center staff members hold joint appointments 
with
 

departments of the University of the Philippines at Los 
Bafos and
 

act as graduate advisors or instructors. During this year, staff
 

members taught or helped teach courses in Vertebrate Pests, 
Experimental
 

Design, and Wildlife Management. Some sessions were held in the class

room and laboratories at the Center, and students used equipment and
 

facilities located at the Center to conduct individual research projects.
 

Several staff members assisted in the development of a science 
manual
 

for use at the high school level in the Philippines.
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Based on recent surveys conducted by Bureau of Plant Industry and
 

Rodent Research Center staff, the rice terraces of Mountain Province
 

were one of the rice-growing areas of the Philippines most severely
 

affected by rat damage.
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RESEARCH U2ILIZATION
 

In early 1975, sustained baiting with anticoagulants, a method
 

of reducing rat damage to rice crops that includes procedures and
 
included as a
innovations developed and tested at the Center, was 


required practice for farmers participating in the Government 
of
 

the Philippines' national rice production program, Masagana-99.
 

This program provides non-collateral loans of up to 01200 
(ca.
 

US $170) per hectare for the purchase of modern farming materials,
 
Each farmer works
including seeds, fertilizers, and pesticides. 


under the supervision of an agricultural technician to insure 
that
 

Loans are repaid at each
the recommended practices are followed. 

Under the program,
harvest and new loans are made for the next crop. 


participating farmers can borrow up to about f50 (ca. US $7) 
per
 

hectare for purchase of chronic rodenticides and materials 
for
 

In 1975, the procedure was also included as the
sustained baiting. 

major damage reduction method in the Philippine governments' national
 

rat control program for non-Masagann-
99 areas.
 

During 1976, major efforts were made to implement the sustained
 

baiting procedure over wide areas of the country in three phases:
 

continued training of extension personnel. through in-service and
 
farmers in current methods
short-term programs, and education of 


use of acute toxicants
through technicians and extension agents; 

use of
in severely infested areas to reduce population levels; and, 


the sustained baiting approach over wide areas to reduce rat damage
 

to the crops.
 

these rat control programs,
To evaluate the effectiveness cf 


and to obtain preliminary information on the requirements for an
 

effective monitoring program, the Bureau of Plant Industry conducted
 

damage surveys in six provinces of Central Luzon before and after
 
Each survey included 270
implementation of the national programs. 


Estimates of damage
samples representing 84 barrios and 33 towns. 


were based on the proportion of damaged tillers of the total in 

paddies that were sampled within two weeks of harvest.
 

As shown in Table 20, a dramatic drop in rat damage occurred
 

following the introduction of the control programs In each of the
 

areas, with an estimated average damage reduction of 98.5%. From
 

this data alone, however, it is difficult to determine whether the
 

reduced rat damage was the direct consequence of the control programs,
 

a normal variations in rat populations, or a combination
a result of 

of both. Future surveys for evaluation of the effectiveness of
 

control programs should probably include samples from non-program
 
a basis for judging normal variations
areas, which could serve as 
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Table 20. Rat damage in six provinces of Central Luzon before and
 
after implementation of national rat control programs.
 

No. Locations Sampled Average Damage M Reduction 

Province Towns Barrios Before After in Loss () 

Nueva Ecija 10 27 27.3 0.32 98.8 

Bulacan 6 17 8.2 0.21 97.4 

Pampanga 7 13 6.2 0.06 99.0 

Bataan 4 9 5.2 0.11 97.9 

Zambales 3 9 2.3 0.02 99.1 

Tarlac 3 9 2.1 0.03 98.6 

Average 8.55 0.125 98.5 
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in levels of damage. Despite these problems, damage in program areas
 

was greatly reduced and it appears that farmers who followed the
 

control recommendations were able to successfully protect their 
crop
 

from serious rat damage.
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INTERNATIONAL ACTIVITIES
 

Director Sanchez was nominated as the invitational speaker for
 
the 1976 Annual Meeting of the Entomological Society of America. The
 
meeting was held in Honolulu, Hawaii, from November 29-December 3,
 
1976. In his keynote address, entitled "The Current Status of Rice
 
Pest Management in the Philippines," Dr. Sanchez summarized the major
 
vertebrate, insect, weed, and pathogenic pests which contribute to an
 
estimated 35% reduction in yields annually in the country and described
 
the traditional pest management practices of Filipino farmers. lie
 
emphasized the need for multidisciplinary, integrated pest management
 
practices if gains of modern productive tecnology are to be realized,
 
and described the efforts of the Philippine government to develop an
 
institutional capability in crop protection.
 

Following this meeting, Dr. Sanchez attended a conference on the
 
Impact of Pesticide Laws which was co-sponsored by the East-West Food
 
Institute and the College of Tropical Agriculture of the University
 
of Hawaii and held in Honolulu from December 6-10, 1976. Earlier in
 
the year, January 5-9, 1976, Dr. Sanchez had attended a workshop, also
 
held in Hawaii and co-sponsored by the East-West Food Institute and the
 
University of Hawaii, on the Consolidation of Crop Protection Courses.
 
At this workshop, he presented a paper entitled "Knowledge Needed by the
 
Pest Management Specialist."
 

During his tenure as a participatory trainee at the Center, Mr.
 
Thaddeus A. Obadoni, a Plant Protection Officer from Nigeria, learned
 
techniques for collection, identification and necropsy of rodents, for
 
measurement of rat activity in the field, and for evaluation of potential
 
control methods. Pe also participated in several field evaluations of
 
the sustained baiting method, in rice and in coconut, and developed a
 
detailed proposal for research in vertebrate pest management to be
 
submitted to his parent organization.
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THE CENTER LIBRARY
 

In May, 1974, the Rodent research Center established a small,
 
specialized library which emphasizes the acquisition of current
 
materials on vertebrate biology, ecology, and management. The
 
library, now in its third year of operation, contains 716 books and
 
pamphlets, 66 center publications, 872 reprints, 57 periodicals with
 
a total of 1,019 volumes, 94 maps and more than 700 photographs and
 
slides on vertebrates and their control.
 

The library is attended by a staff member. Permanent users are
 
issued cards and loaned inaterials according to library policy. The
 
library room is air-conditioned and has work space for persons who
 
require only brief use of its resources. In addition to providing
 
materials to local users, the library also fills requests for reprints
 
or other technical information and maintains a mailing list for the
 
Annual Report. This year, about 200 articles and over 350 Annual
 
Reports were mailed to scientists, extension personnel and other
 
libraries ir the Philippines and many other countries of the world. 

Newly established functions of the library include periodic
 
literature searches on selected areas of vertebrate pest management;
 
development of appropriate bibliographies, and distribution of content
 
lists for journals that publish articles on vertebrate biology and
 
control.
 



X 
II 

Rats in trees? This photograph was taken in an area with
 

a localized rat outbreak -- rats were found climbing in a
 

variety of trees during the daytime.
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SUMMARY OF ACCOMPLISHMENTS
 

1. Full or part-time Center staff included five biologists, 
nine
 

students, one biometrician, two field technicians, 
one trainee
 

from Nigeria and eleven supporting staff.
 

2. A baiting program using anticoagulants to protect coconuts 
from
 

rat damage was evaluated for two years in Mindoro Oriental 
where
 

mindanensis, R. argentiventer, R. exulans, and S. murinus
 

are found. Four plots, each one hectare witl one hundred trees
 
during the
 

R. r. 


and separated by at least 200 meters, were chosen: 


first year, two plots were randomly selected for treatment and
 

two designated as reference plots; during the second year, all
 

plots were treated. During periods of treatment, a single packet
 

of poisoned bait was placed in the fronds of twenty-flve randomly
 
By the third month after
selected trees per plot each month. 


treatment, rat activity and numbers of fallen nuts had dropped to
 

negligible levels in each of the plots and remained low thereafter,
 

while rat activity and numbers of damag Jd nuts had remained high
 

in reference plots during their one year without treatment.
 

Production in the plots, during periods of treatment, increased
 

about 2.5 times over pretreatment levels. Cost/benefit, based on
 

actual costs for control and copra production, averaged 1/24. 
We
 

concluded that sustained crown baiting has the potential of
 

providing long-term reduction of coconut damage by rats.
 

3. A study was conducted in two, one hectare coconut plots (separated
 

by 300 meters) to determine relative species composition and movement
 
In one plot
of rodents between tree crowns and the ground level. 


(A), packets containing polished rice and tetracycline hydrochloride
 

(TC; a marking agent) were placed in the crowns of 50 randomly
 
the packets were placed at
selected trees. In the other plot (B), 


After one week, packets were retrieved, the
the ground level. 

amount of bait consumed was determined, and trapping was conducted
 

for three consecutive nights (at ground level in Plot A, at crown
 

level in Plot B). Rats caught were identified and checked for
 
In Plot A, R. r. mindanensis, R.
presence of the marking agent. 


mindanensis
exulans and R. aryentiventer were captured, but only R. r. 


and R. exulans were marked; in Plot B, only R. L. mindanensis and
 

R. exulans were taken and both species were marked). Bait consumption
 

and trap success were lower in tree crowns than at the ground level.
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Based on these results, we suggest that R. r. mindonensis and
 
R. exulans moved actively between tree crowns and the ground 
level, but that relatively fewer individuals inhabited the tree 
cro,ms, and that movement of R. argentiventer from the ground 
level to the tree canopy was either severely restricted or absent. 

4. Ground-baiting and crown-baiting were compared for relative
 
effectiveness and economic benefit. in a five hectare coconut
 
plantation near Vi.ctoria, Mindoro Oriental. During the first 13
 
months of the study, bait stations containing anticoagulant

rodenticices were placed nenr piles of litter at the ground level; 
during the next 12 months, one-fifth of the trees in the plantation 
were crown-baited monthly with packets containing anticoagulant
rodenticides. Monthly records were maintained of the amounts of 
bait used, rat activity, and numbers of fallen nuts, nod numbers
 
of nuts harvested were recorded for each harvest period. Rat 
activity and numbers of fallen nuts were reduced by both methods,
but were lower during the period of crown-baitJng. More bait was 
used for the ground-baiting than the crown-baiting method (6 vs 1.5 
kg per hectare per month, respectively), and more labor was required 
to maintain the baiting program (about 20 vs 1.2 hours/month, 
respectively). During a 22 month period prior to 
-he study, coconut
 
production averaged 2.9 nuts per tree per month; during the period

of ground baiting, 5.8 nuts per tree per month,, and, during the
 
period of crown-baiting, 7.2 nuts per tree per month. We concluded
 
that both ground-baiting and crown-baiting reduced rat activity
and damage at our study site, but that crown-baiting was more 
effective and cost less, perhaps because it is 
more selective in
 
reaching target organisms.
 

5. To determine if coconut trees can compensate for rat damage, we
 
compared the sizes, weights, and copra contents of individual nuts
 
(60, randomly selected during a Pinglc harvest) from an area which
 
had received effective rodent control for twenty-one months with 
nuts (60, randomly selected during a single harvest) taken from an 
adjacent area which had no rodent control program and which was 
suffering from heavy rat damage. Wet weight of flesh averaged 0.86 
1'g per nut In the treated area, 0.050 kg (5.5%) Jess than in the 
area which had received no rat control. Likewise, dry weight of 
flesh (copra) in the treated area averaged 0.37 kg per nut, or
 
0.038 kg (9.4%) less than in the untreated area. When compared 
with larger samples taken over a longer period of time, however,
 
differences were greatly reduced. We concluded that partial
 
compensation by trees for heavy rat damage may have occurred in
 
our experimental plots, but, if present, the amount of compensation
 
was slight, insufficient for obvious separation from the fluctuation
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of copra content over extended periods of measurement, and
 

inadequate to decrease significantly the economic benefits 

which were gained by following the baiti.np programs.
 

culture were followed
6. 	The movements of rats In relation to rice 
in n 1900 hectarF- ricefield area near S'an Antonio. NUeVa Ecija, 

where planting and harvesting during, the wet: season follows 

recession of floodwaters. lait stations cnf tainIng polished rice 

with TC were placed in the first-plarted fields at the vegetative 

stage, and trapping wais condticted mo-nthly in ricefields at 

vegetative to poRt-harvest stagy for the next eleven months. 

Animals captured were examined for preselice of the marking agent. In 

general, rats appeared to move In a directional manner out of 
and fields growJng seasonharvested fields Into younger as the 

for the study site progre ed. This pnttern was most apparent 

with adult rats, males moving the greatest distances -- two marked 

adult male rats werc recaptured at least 1400 meters from the bait 

stations and as long as seven months after exposure to TC. 

tested in
7. 	The effectiveness of the sustained baiting method was 

protecting 100 hectares of ricefields adjacent to marshes bordering 

the Chico River near San Antonio, Nueva Ecila (the last 1.00 of 

1900 hectares to be harvested In the area, see I 6 above). Baiting 

followed closely the interagency recommendations for Masaganu-99. 

Monthly records were maintained on the amounts of halt used, numbers 

of bai stations, and rat activity (by using tracklng tiles and 

recordo of trap success). Damage appraisal was conducted within 

two weeks of h.rvest and compared with adjacent areas where farmers 

used traditionnl control. methods, and harvest records were obtained 

from the farmers. Bait consumption increased rapidly during the 

first nine weeks of balting, then decreased rapi.dly as more rats 

contacted and were affected by the bait. Rat activity (as measured 

by both tracking tiles and trap success) dropped dramatically by 

the second month of baiting and iemained lo, thereafter. Despite 

intense rat pressure, cost for .ontrol wo, estimated at less than 

r5o per hectare. Farmers In the treated area averaged 6.0% tillers 

cut while damage in adjacent fields was 70% or more. Although most 

of the harvest In the treated field was lost to flooding (caused 

by Typhoon Didang), yields in flelds that were harvested averaged
 

75 cavans per hectare. In contrast, most farmers in adjacent
 

fields reported complete loss of their crops to rats. We concluded
 

that the sustained baiting program effectively protected the one
 

hundred hectare baiting site (which was the last to be harvested,
 
was adjacent to marshland, and represented one of the most severe
 

situations for protection from damage that is encountered in Philippine
 

ricefields) from serious rat damage, at low cost, and with potentially
 
high economic return.
 

http:baiti.np
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8. 	To compare the operational characteristics of a non-lethal electric
 
barrier with those of a lethal one, we conducted a small scale
 
field trial with the cooperation of the International Rice Research
 
Institute (IRRI). Si.x plots, about one-quarter hectare each, were
 
provided for the study. Plots were paired, one 
lethal barrier and
 
one 	 non-lethal barrier, in three different areas along the periphery
of IRRI experimental fields. Temperature, relative humidity and 
voltage of the non-lethal barriers were recorded daily from 10-13 
weeks after tratfsplant (WAT). In addition, tracking tiles were 
used to measure rat activity insidc and outside each of the fences
 
at the vegetative, booting and maturing stages of development, and 
damage appraisal was conducted for each plot within two weeks of 
harvest. Voltage of the non-lethal fence did not correlate well 
with either temperature or relative humidity. Batteries used to 
operate the lethal fences were recharged daily; those used to 
operate the non-lethal fences were recharged up to two times during
the 	 two-month period of study. Rat activity increased during the 
growing season, and was significantly greater outside than inside
 
the barriers, indicatJng that both fences afforded some degree

of protcction. Rat activity was greater, however, within plots

surrounded by lethal harriers than non--lethal barriers, average

5% vs 1% respectively. Damage in plots surrounded by lethal

barriers averaged 2.05%; those surrounded by non-lethal barriers 
averaged 0.23% tillers cut. 
 We concluded that the non-lethal barriers 
provided comparable or better protection from rat damage than the
lethal barriers without the need for 	a night crew to remove electro
cited animals and without the need for 	daily battery recharges. 

9. 	 To determine the potential. hazard of warfarin to local domestic 
chickens (Gallus Zallus), we conducted two successive tests in which 
33 day old broiler chicks were exposed (by gavage) in groups of four 
to the following concentrations of warfarin: for the first test,
0, 25, 125, and 470 mg per kg body weight; for the second test, 0,
625, 705, and 1057 mg pir kg body weight. Animals were observed 
for 	fourteen days after gavage. Four of the fowl 
died during the 
period of observation (one each at 0, 470, 625, and 705 mg per kg
body weight), but only two of these h3d symptoms of anitcroagulant
poisoning (one at /470 and one at 705 mg per kg body weight). We 
concluded that use of warfarin as recommended for reduction of rat
damage to rice in the Philippines represents an extremely low hazard 
to domestic chickens by accidental poisoning, providing the farmer 
follows the recommended baiting program and does not allow his fowl
 
to eat treated bait as a substitute food source for extended periods
 
of time.
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10. A baiting program using anticoagulants was evaluated on six, two
hectare corn plots in an area where R. r. mindanansis, R. argentiventer, 
R. exulans, and S. murinus were found. Three plots were randomly
 
selected for treatment, three as reference plots. For treatment,
 
we employed the continuous use of chrouic toxicants at three baiting 
points per hectare, starting on the sl1rth week after planting. 
Stations were refilled two-three times weelkly and adjusted to maintain 
a slight excess over consumption. T1nreference plots, rat activity 
remained about the same ns the cropping season progressed, while it 
decreased rapidly in the treated plots. There ws about an 847 
reduction of damage In the treated plots. Cost of control was 
estimated at about 130 per hectare and yields in treated plots were 
about 4.4 cavans per hectare greater than in reference plots. Cost/ 
benefit was estimated at about 1/7. We concluded that sustained 
baiting with anticoagulants effectively reduced dampge in the treated
 
corn 	plots, with apparently fair economic return.
 

11. 	 Distributional maps of rat damage in cornfields were used as models
 
on which to simulate potential sampling methods. Maps of damage
 
were obtained for two cornfields, one 0.15 hectare with 15.04%
 
damaged hills and one 0.35 hectare with 4.85% damaged hills. Three 
sampling methods (random, systematic, and random-clumped) were tested 
five times each on the maps. The systematic method had the lowest 
variability but the random method appenred most accurate. We 
concluded that additional studies are required to determine which
 
methods will provide the best results with the lest effort in the
 
field, but that the use of distributional maps as models for testing
 
sampling methods provided a relatively quick and sensitive means of
 
comparing the reliability of the methods.
 

12. 	 The relationship between kernel weight and area occuppied on ears
 
of corn was investigated to determine if it might serve as the
 
basis for a simple, reliable means of predicting corn loss to rat
 
damage. Sample ears (40) of mature, field-dried corn of various
 
sizes were randomly picked at harvest from ears having rat damage
 
in a 	seven hectare cornfield. Carbon paper and tracing paper were
 
used to obtain impressions of the areas damaged and not-damaged on 
each ear and profiles of these areas was transferred to graph paper. 
Greatest length (with kernels) of the ear, length and width of damage, 
and weight of undamaged kernels were obtained for each ear. Area 
of damaged and undamaged portions of each ear were obtained by using
 
a polar compensating planimeter. The sample included ears with about
 
a threefold variation in size and a wide range of damage. The area
 
of undamaged corn and its weight was hiphly correlated ( r - 0.96,
 
P 9< 	0.001) with a single linear equation. We concluded that this
 
relationship may serve as a means of predicting corn loss, and that
 
additional studies are warranted.
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13. 	 In a trial on the use of methyl carhamate and fenthioi as bird
 
repellents, six small plots were located within a two hectare
 
ricefield at three weeks before harvest: 
 two were sprayed with
 
methyl carbamate (4.7 kg active itigredient per hectare); two were
 
sprayed with fenthion (0.9 gallon contain-.ng 50% emulsifiable
 
concentrate per hectare); and, 
two were left. untreated. Plots 
treated with methyl carbamate and fenthion avernged 6.5% and 7.0% 
damaged hills respectively, wh.le the two untreated plots averaged
22% damaged hills. We concluded thnt both compounds hold promise 
as repellents, but that larger, more detailed studies are required 
to verify results.
 

14. 	 Observations of bird damage were made on small 
plots of rice at
 
hard dough stage. Damage was significantly grenter along the
 
shorter edges (widths) of the plots than slong the other edges and
 
inside the plots, but additional studies are required to see if
 
this preference occurs in larger fields. Tn a study site In
 
Mindoro Orientnl, Lonchura malacca netted in calamansi (citrus) 
trees from February through ?'Mny and from .luy through October and 
young were observed in Miirch and April and August through October 
(trees were pruned in September and no nests were oberved). This 
indicated a bimodal l)reeding season for L. nalacca at the study
site. In an acute oral toxicity trial, methamidophos was more toxic 
than carbofuran to L. punctulatij, but considerablly less toxic than 
carbofuran to L. leu~ogaster, L. mnlncc/, and Passer montanus.
 

15. 	 Over three hundred visitors from many countries were briefed on
 
Center activities, given technical assistance in the form of
 
literature on rodent control, or advice 
on program planning. Over
 
200 requests for technical information on rodent control were filled
 
with Center publications, and others with copies of appropriate
 
materials from bibliographic files.
 

16. 	 Center staff members participated in the training of over 3000
 
government extension personnel and key farmers in vertebrate pest
 
management methodology, and others in research methodology for
 
vertebrate pest management. Trainees represented a variety of
 
governmental agencies, including the Bureriu of Plant Industry, the
 
Bureau of Agricultural Extension, Philippine National Bank,
 
Agricultural Credit Administrntlon, Agricultural Credit and
 
Cooperative Institute, Farm Systems and Development Corporation,

National Food and Agricultural Council, and Philippine Sugar
 
Institute.
 

17. 	 One research trainee from Nigeria spent almost three months
 
participating in a variety of on-going research and methods evaluation
 
studies and worked independently on a project proposal related to
 
vertebrate pest problems in Nigeria.
 

http:contain-.ng
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1. 	 Staff members taught or helped teach courses in Vertebrate Pests,
 
Experimental Design, and Wildlife Management at the University of
 
the Philippines at Los Banos, with several clas3es and laboratories
 
held at the Center.
 

19. 	 The Government of the Philippines encouraged the use of sustained
 
baiting with anticoagulants in ricefleids through Its national 
rice production program, Masagana-99, and Its national rat control 
programs for non-Masagana-99 areas. Implementation of the rat 
control aspects of these programs won Initinted through intensive 
training of extension officers, and, education of farmers in current 
methods involving use of acute toxicants and mechanical control to 
reduce population levels, then use of the sustained baiting program 
for long-term rlnmai e reduction. Prel iminary surveys in target areas 
indicated that farmers who followed thesv recommendot:ions were able 
to successfulIy protect theIr crops from serlous rat damage. 

20. 	 Director Sanchez wa; nominated as the invitationnl speaker for the 
1976 Annual Meetinp of the Entomological Society of America, held 
in Honolulu, Hawaii, in November-December. in his keynote address, 
Dr. Sanchez nummarized Ot" current st:atus of rice pest management 
in the Philippines. He liter attended a conference, co-sponsored
by the East-West Food Institute and the University of Hawaii, on 
the Impact of Pesticide Iawsj. Earlier in the year he had attended 
a conference in Hawaii on the Consolidation of Crop Protection 
Courses and presented a paper on the training needed by the pest 
management specialist. 

21. 	 In its third year of operation, the library now contains 716 books
 
and pamphlets, 66 center publications, 872 reprints, 57 periodicals 
with a total of 1019 volumes, 96 maps and over 70U photographs. 
Newly established functions of the library include periodic literature 
searches, developmeti of bibliographies, and distribution of content
 
lists for journals that publish articles on vertebrate biology and 
control.
 

22. 	 The following reports were published or presented In proceedingn 
of meetings by Center staff members: 

Benigno, E. A., R. F. Reldinger, J. L. Libay, and F. F. Sanchez.
 
1976. Sustained baiting with anticoagulant rodenticides
 
in cornfields and assessment of rat damage. Proc. 7th Nat.
 
Pest Cont. Council Conf. 7: 146.
 

Ferrer, L. S. 1976. Growth of Rattus rattus mindanensis Mearns.
 
The Philippine Agriculturist 59 (1-2): 37-42.
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Hoque, M. M., R. F. Reidinger, J. L. Libay. 1976. Crown-baiting in
 
coconut trees using anticoagulant rodenticide to reduce rat
 
damage. Proc. 7th Nat. Pest Cont. Council Conf. 7: 148.
 

Libay, J. L. and M. W. Fall. 1976. Observations on an exceptionally
 
dense population of wild rats in marshland. Kalikasan
 
(Philippine J. Biol.) 5: 207-212.
 

Reidinger, R. F. 1976. Organochlorine residues in adults of six
 
southwestern bat species. J. Wildl. Manage. 40(4): 677-680.
 

Sanchez, F. F. 1976. Knowledge that the pest management specialist
 
will need. Presented at the Workshop on the Consolidation of
 
Crop Protection Courses, sponsored by the East-West Food
 
Institute and the College of Tropical Agriculture of the
 
University of Hawaii, held in Honolulu from January 5-9.
 

Sanchez, F. F. 1976. The current status of the rice pest management
 
in the Philippines. Keynote address at the 1.976 annual meeting
 
of the Entomological Society of America, held in Honolulu, Hawaii
 
from Nov. 29-Dec. 3, 1976.
 

Sumangil, J. P. 1976. The national rat control program. Proc.
 
7th Nat. Pest Cont. Council Conf.
 

West, R. R., M. W. Fall, and E. A. Benigno. 1976. Comparison of snap
 
traps and tracking tiles for obtaining population indices of
 
Rattus rattus mindanensis in the Philippines. Philipp. Agric.
 
59(9,10): 379-386.
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