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Economic 	losses by rats on experimental rice 
farms in the Philippines 

-
IF, AN)M1)SEI,) AIt.\ui1) *,IA'N\tOoi) A. F IR E.A. H1ilNEICltSt 

*tWWWad/stt Ri,' ALscL' I st 1c', .K'd,')pur,1)/i ika, BangLidS/i, I C'S Dep,11runeit 
oJ'.lgriculture, Anima/and P/im llan,t Inspc tion Scvcc, )ene'r l7/dl/" Rcsarch Ccnt 

Ecacr, C ,cr, Dencr, (() 8022,5, US; 1.and *bDcpartmcnt 0/ Fnuiitomohv, 
L oisian,; Srte ni/vrsi', Bka ,, Rotiw,', LA 70,;0,-1710, US.1 

AmtSt R.\I. Fiftv-on', scientists at th, International Rice Research Institute took part in a survey to 
determine the ext..nt of rat damaoeC on c::pi11iCntal rice fields in 1980 and the resultant data loss. 
Their response:, cstcd thatsu'!, rat damage occrircd in 86.01/ of 171 tiell experiments, causing
complete loss of data in 6.1 . and partial loss in W91. Survey results indicated that rat damage was
unaf ectcu by season 	or atnon,, plots protected by a non -lectrifled flncc, elc,'trified fence, or no fience. 
The incidence of complete loss of"research data was highest in experimcna! plots protected by an 
electrified fene. I)ata 	losses wcre estimated isequivalent to moactarY lOSses of about US 370 Ot)00 fr I 
y'ear. 

Introduction stream or distance (Figure !).Areas 1 (25 ha) and 3 
(78ha) are contiguous with rice fields of local farmersRodent datnage 	 to agrcultural crops at riopical who nay or may not practise good rodent control. Area 

research stations is a chronic, sometimes acute, pest I contains soie non-IRRI plot3 which lie fallow and 
problem that results in loss of research time and weedy much ionger then IRRI plots and which do not money. Research stations in India (Kulshreshtha, receiv: regular continuous rodet contol. The
1068; Sirinivasalu, Velavuthan and Subratnaniam, InstitutC's offlices, laboratories and service buildings
1971; Feswani ct a!., 1975), Thailand (Anonymous, are largely inArea I. Area 2 (42ha) shares only a small 
1967), lurma (IF. 1. Glass, personal comteat ion), border with local ltrmr.er' rice paddies outside the 
and Indonesia (J. A. I tsinger, personal comunnica- experimenrtal farm. Are:a 4 (107ha), unlike Areas 1-3, 
tion) have signifieant rodent probiems. Several consists mostly oflpland non-irrigated research plots,diflhrent rodent species and a variety of ciops arc With sot)e1 irrigate'd iic' and avariety ofupland crops. 

involved. Research 	stations located near i Iners' fields Varicus control tcchnique:, have been used in the 
or other halitats harbouring rats are subjected to con- fields, includin, physic ii ha rriers (Ramos, 1967, 1970)
tinuous immigration requiring persistent control an16 anticoagttlar ,odnticide baiting. Befbre electri­
cflorts. Research effbrts in the Philippines by Denver fled finces were used, periodic baiting with acute
Wildlife Research Center personnel led to recon- rodenticides (zinc po'plhide or sodium monofluoro­
mendations for rat control in individual brners' rice acetate) fIr I or 2 da s was followed by chronic anti­
fields that accounted for this itntigration or 'sink coagulant rodenticids and burrow innigation with 
ei'th.t (West, Fall and I.ibay, 1975; Fall, 1977). cyanide. To a litnited extent, physical examina-

The International Rice Research Institute (IRRI) at tion method-: have also bee:n used: digging burrows,
I.os lafios, Philippines, has ah-Ot 252ha of experi- clubbing during harvest and subjecting burrows to a 
mental farmns of which 2 30 ha are rice or rice-based locally made flatme thrower. Cyanide fumigation of rat 
crops (Chandler, 1982) with rat damage resulting in burrows "as discontinued in 1979 when its use was 
unquantifled losses of'rescarch dat every year. Rattu restricted by the Philippine Fertilizer and Pesticide 
ratts ;nindaiensis (Mearns) is tne most prevalent Authority. Most (fithe experiment.l plots are eticlosed 
rodent species (98.4% present) foilowed by R. exuans- by fences, some of which are electrified at night if there 
(1"6%)(Uhler, 1967). have been rat probletus in the rinmediate area, if the

The expcfimentel 	 fbrm is composed of four geo- type of experiment is tparticularly vulnerable, or if it 
graphic areas separated from each other by a river, has been requested by the researcher. The department 
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272 Rescarck data losses on experimental ricefarms 

head or researcher in co-operation with Farm Opera­
tions Department, which conducts rodent control, 
decides which mcthods wvil! be used. From 1979 to 
1983, about -40000 deid rats have been recovered-' 
annually, and an ullnknown nunher killed by rodenti-
cide baiting. Even though major eflorts have been 
undertaken, rats continue to cause x'ield losses, which 
lead to inconclusivC and unreliable research results. 

In view oft his continuing problem, the observatiens 
of IRRI research personnel weic solicited (1)todetermine the occurrence of rat damage in experi-
mental rice fields; (2) to estimate the extent of lost 
research data attributable to this observed rat damage;
(3) to determine how respondents rated importance of' 
the rat problem aifecting their research. Survey data 
were thn analysed to determine whether data loss was 
inlfluenced DV 1)lot locationl, season, or rat-cnit rol 
melthods. 

Methods 

A survey wxis conducted among IRRI personnel con-
ducting rice field trials on the IRRI farm from January 
to Decenber 1980 by soliciting inlornation oil the 
occurrence of rat damage and the resultant loss of 
experimental data. A\ survey fbrm was distributed to
IRRI department heads with a request menm fom the 
Entomology IDepartment. The number of fbrms 
distributed was based on the size of each department as 
listed in the most up-to-date annual report (IRRI, 
1978). Plet size and location, time of the experiment, 
rat-control methods used, occurrence of rat damage, 
and an estimate of data loss as either complete, partial
or none, were noted for each experiment conducted. 
The researchers were also asked to rate the rat problem 
as severe, moderate, or negligible and to give their 
opinion on whether rat damage and subsequent loss of 
data had become worse over the previous 3 years,
following the discontinuation of cyanide fimigation of
rodent burrows, 

Survey data from individual experimental plots 
were taken from four areas to assess differences 

between locations (Figure 1).Experimental plots

harvest,,d from August through January were labelled 

'wet season', and those harvested from February
through j u!y were labelled 'dry season', to identify anv 
seasonal eflihcts. Diflierent physical barrier systems,
namely the non-electrified fence, electrified fence and 
no fence, were compared. The data were analysed by
chi-square tests to detect differences in rat damage and 
data loss between different locations, seasons and rat-
control methods. 

Total rice land area (230ha) on the farm averaged
about 2.0 experiments/plot/year, resulting in about 
460ha of effective experimental ri:e hectarage. Field 
research costs including rice cultivation, pest control 
and experimental sampling and observation by
research staff were then used to estimate cost/ha/year 
f.r conducting rice research. Costs of laboratory
research, administrative support staff and senior staff 
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FG'URE 1.The International Rice Research Institute consolidated experi­
mental farni, 1980. Total hectafage 252 ha (Area 1,25 ha; Area 2, 42ha; 
Arei 3, 78ha; and Area 4, 107h),of which 230ha are rice or rice-based. 
(COrtcy o Farm Operations D~epart ment, IRRI.)((ourtesy of 

salaries were not included, although a portion of each 
could have been related to field research and, thus, 
aflected by the data lost because of rat damage.

Economic losses in 1980 resulting from rat-damaged 
rice research plots were estimated by extrapolating the 
results from the survey sample to the rice land of the 
entire IRRI fhIrm. 'File percentage of experiments in 
which 100% data were lost due to rats (T) was used to 
estimate the experimental hectarage in which all data 
were lost. The same procedure was used to estimate 
hectarage with no data lost due to rat damage. For 
partial data lost (P), which ranged between 1% and 
99%, we conservatively assigned a value of 10% to 
represent the mean percentage estimate of research 
data loss due to rats. The estimate of data loss in US$ 
(L) fiom rat damage for the entire experimental rice 
area (460 effective annual ha) was then determined by 

L= [Tx460x RCI + 1Px460 x RCxO. 10] 

where RC= field research costs/na/year (US$). 
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Results were lost in 6-4Y of these experiments whereas 
34 .5% had no loss at all. The lowest occurrence of 

Fifty-one researchers (about 361/ oftthose potentially damage was in Area 2. There wab no significant dif­involved in conducting field experiments with rice) fcrcnce in the occurrnce of rat damage and research 
from seven dCparltments responded to the survey, data lost between the wet and dry seasons ('able 2). 
They conducted 171 cxpCIimenis which were uni- '[he survey also showed little difference in the 
formlv dislributCd among the 10ur major areas of'the occurrence of rat damage between plots with fences, 
experimenta iarm land ('Fablu 1). M\lore experiments whether electrified or no , and no fences (Table 3). In 
were conductcd during the Wet season (112) than about 66% ot'all fence-protected plots, some research 
di ing, the dry season (35) (Table 2), and most of the data wI'rt lost vcrts 75% in unprotected plots. 
lots (0 3) wvrc protected 1)* ablc ('v' 3). Coiplete dat loss occurred more often illprotect,d
Plot siZC in cAh of1h fiLir 'i.reas was simlal" (. plots. 

S3861n"). Exceptions numIM Seven diferel'Cnlt methods of rodent control werewcc a higher tlber .andper-
ccnt age of' small plots (< 3000n 2 ) in Arca 2 and identified f'om the survey 1ori1s (Table -4). On only 
a higher number and percentage of large plots one O'f the 171 plots were no control methods used. 
(>It)00 ml) in Are 3. Morc than 95% of'the plots used a l'ence, either non-

IRcspondcnts; repoteCI rat damaige in 86.0% of' the electrified (53 .8%) or electrified (41.5%). Area 1 had 
171 experimental plots (Table 1). Ali research data the highest percentage of' electrified fences (82. 1%) 

"".I{"1. Occurrence 1111LipcrCclt1Ca Cof rcscarch data lost iv,17 cxperimCnts Conductedifrat d:u:',gcI Ol the IRRI Cxpe'riu;ttll ib1rin durilng 1980 

Research data lost 

No. oi" tat datlllgC Complcte Partial NoneA\rea '1- peri nts ( )(N ( )(N ( 17) mec (N o .) o .) o ) (N o .) ( 11) 

1 19 30 92.3 1 20.5 21 53.8 10 25.6
 
2 .4-1 33 7'5.0 1 2' 3 I8 40.9 25 56.8

3i .17 9,1-0 1 2.0 38 76(0 I1 22.0
 
. 38 31 81 .0 I 2.6 24 63.2 13 34'2
 

Total 171 147 10111 59
 
.\ciut 86 ' 6-4 
 59'1 34"5
 
Cli square: ' 8NS 69"2*"
2
 

ll 1l-201ti; AXreaA I -1 1A-F, AreaJ2= lIOLks FI- Aica i=plois 4=upland plots.i l.! :h g l q ,ii
\N S - Iol1 ,1 " ' < -~ ) 

TIsii I 2. S asotlil t'tcci on the occurrence offrat dan;.gc and research data loss based on 117t experiments conducted on ihe IRRI experitnental farm 

Research data lost
Occurrence of,.. 

No. of rat datnage Complete Partial None 
Season experiments (No.) (%) (No.) (%) (No.) (Ye) (No.) (11%) 

\et 112 92 82"1 2 1'8 68 6o'7 .12 37'5 
Drv 35 31 88.6 3 8"6 21 60 0 I1 31"4 

Total 1.17 123 5 89 53 
Mcan 83"7 3'4 60'5 36"1 
Cli-SIiarct f. ,3NS 5"0N S 

r experilents 
t .5,=nor ignifcl,.it1. 

-ret\'-l %erenot inctidcd bccautc il ltol-speclfic harvest dates listed on survey fiormll. 

1 3."l.\1It lifAcCit, of cont rtlmc hods on the occurrence of rat damage and data lost front 17 1experimcnts conducted on the IRRI experimental farm during 
1N80 

Research data lost 
No. of )ccurrence of --- .---­

experiments rat damage Complete Partial None
Control metdhods sattpled (%) (No.) (%) lNo.) (Vt) (No.) (i1o) 

Fence 92 84-0 2 2 58 63 32 35 
Electrified fcnce 71 88'7 9 13 38 5.4 2.1 3,1
No fence 8 87.5 0 0 6 75 2 25 
Total 171 11 102 58 

Chi-squaret 
0 . 2NS 25."2 

t NS=not signifcant; =highly significant (1'<0.01). 
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274 Research data losses on experimental rice farms 
TAt1.iE 4. Number and percentage of'selected plots using diffeten! rodent control methods within each of four locations (Areas) on the IF RI experimental
farm, 1980 

Control method (No.) 
1 

(%) (No.) 

Fence 15 
Electrified toenc- 82 
Baiting 82 
i)igging burrLAo's 36 
Catching 3 
Trapping 0 
'Flame thrower' 
None 

0 
0 

Total methods 85 108 
Total plots 
Mean no. oiethods'plot 

39 
2"2 

44 
2.5 

while Area 4 had the smallest (7.9%). Most plots 
(83%) were baited with a rodenticide and in more than 
half (53%), rat burrows were dug out. 

Eflorts to control rats, or the number of methods 
used, were greatesl in Area 3, where a mean of 2.6 
different rat-contro! methods/plot were used, followed 
by Area 2 (2. "-nethods/plot). Corresponding figures
for Areas I and 4 were 2.2 methods/plot. 

About 29% of the 51 researchers surveyed thought
that the rat 'problem' in their plots was severe; about
2 60 /o cons:.dered it to be negligible; 45%A/ were between 
these extremes. Nine of 16 people in the Plant Breed-
ing Department rated the rat problem as severe-a 
much higher proportion than in any other department.

he majority of the Iespondents (67%) felt that rats 
had become a greater i-.oblcm over the previous 3 
years. 

Discussion 

Crop losses by rodents in farmers' rice fields are 
difficult to estimate in economic terms (Benigno, 1980;
Greaves, 1982). Vertebrate pest damage presents even 
greater diflIcultks in experimental plots where 
research data and scientific labour are at issue. This 
lack of quantifid economic loss data may be a major 
reason why control ofrat damage has been given con-
sidcrably less attention than other plant-pest problems 
(Fall, 1977). A Filipino farmer may invest as much as 
.12000 (US$ 140) to grow 1ha of rice during a 4-month 
crop cycle. A research institute, such as IRRI, may
invest more than $6522/ha to obtain additional know-
ledge that may subsequently be useful to individual 
farmers. Both ftrmer and researcher therefore stand 
to lose a significant amount of time and money if 
substantial rodent damage occurs. 

Data loss from rat damage app -ared to be greater in 
some field trials at IRRI than others. For example, 
experiments located in Area 1 had a significantly
higher percentage of complete research data lost, 
whereas more than one-half of the experiments in
Area 2 had no research data lost. Experimental plots
located in Area 3 had the greatest occurrence of rat 
damage (not significant) and a higher percentage of 
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Area 

2 
(%) (No.) 

3 
(%) (No.) 

4 
C) 

Total 
(No.) (%) 

36 74 87 92 54 
59 
86 
50 

20 
86 
76 

8 
74 
42 

71 
141 
90 

42 
83 
53 

14 0 0 7 4 
0 0 5 2 1 
0 
0 

2 
0 

0 
3 

1 
1 

0 
0 

129 83 405 
50 38 171 
2.6 2.2 2.4 

research data lost (both complete and partial). Areas I 
and 3 (unlike Areas 2 and 4) shared a considerable 
border with neighbouring local rice fields which, when 
harvested, increased the risk associated with 
immigrant rats moving to as yet unharvested experi­
mental fields within IRRI. 

Factors other than location which may have con­
tributed to greater research data loss include seasonal 
effects (wet and dry), intensity (number and type) of 
rodent control methods used and plot size (smail vs. 
large): none of these ftactors, however, were statistically
significant (T'bles 2, 3, 4). Significant differences in 
research data loss were a. ociated only with location 
(Table 1). While a significantly greater number of 
experiments using an electrified fence resulted in 
complete research data loss, most were located in Area 
1, which was particularly susceptible to rat damage. 

There was no obvious explanation why Area 2 had 
the lowest incidence of damage and the least occur­
rence of data loss, although this Area contained more 
small plots (91% of plots <3000m2 ) than the other 
areas (38-69/o): rats may have had more difficulty in 
establishing themselves inside smaller plots. A similar 
percentage (about 95,10) of plots in the survey were 
fenced in all areas (see Table 4), but metres offence per
hectare were 146, 90, 82, and 44 in Areas 1-4, respec­
tively. More fencing per unit area may have been a 
factor limiting immigration of rats to Area 2, but 
probably not Area 1, which had the greatest amount of 
fencing per unit area. Detailed studies on marked rats 
(both immigrant and resident) are needed to determine 
the elfects of fencing on limiting rat movement and 
subsequent damage in research plots. 

The mean number of reported rat-control methods 
used per plot provided a measure of the intensity of 
rodent control. These means were higher in Areas 2 
and 3. The combination of smaller plot sizes, more 
fencing per unit area, ard greater rodent control efforts 
may have contributed to the lower levels of rodent 
damage and data loss reported by JRRI researchers in 
Area 2. 

The fact that plots protected by an electrified fence 
had a higher incidence of rat damage and percentage of 
complete research data loss could be misleading, as 
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plots with electrified fiences were usually located in Research data losses can be disastrous for visiting 
areas with a history of serious rodent problems. scientists and students with only a limited time 
Electrified fences should, in general, perform itleast schedule to complete their fieldwork. For example, a 
as well as non-electrified fences, assuming fence con- student at the Bangladesh Rice Research Institute, 
figuration and soil seal were similar. Exclosure fences collecting data from a deepwater rice experiment, lost 
desig ned to keep rats out of plots can easily become all meaningful research reSults afte more than 6 
enclosures if'rats somehow enter f'en::d areas. Ahmed monfhs of fieldwork, because of rat (Baicota spp.) 
(1981) showed that a properiy maintained electrified damage. If recommended baiting procedures had been 
ience resulted in the lowest rodent activity and damage used around the experimental site, rodent damage 
to rice when compared with baiting or with a non- would have been reduced, thus allowing most of the 
lethal, electrified ne, barrier, experimental data to be collected. In a weed control 

Two out of everyV three surveyed rice experiments 	 experiment at IRRI rat(Area -1), damage threatened 
conducted at IRRI during 1980 resulted in at least the complete loss ol'thesis research data. The graduate 
some lost data deC to rat damage. The economic student modified his experimental design so that a 
significance of these losses was determined by major objective became thc -valuation of the relation­
estimating somC direct monctary losses, ship between weeds and rat damage to rice (Drost and 

About $369 31 of'rice research costs in 1980 were Moody, 1982). 
lost because of rodents, while $2630685 of the Our results reflected a gen:ral attitude among IRRI 
research costs were not thus affected (Table 5). researchers that rodents were a significant flactor 
Moetary losses aittributable to rats were thercfre limiting their research and should be considered a 
more than 12Q% of total estimated field research costs. serious problem. About 751. of these researchers rated 
These losses represented investments in land prcpara- the rodent problem ismore than just negligible, and 
lion, planting, pest (bird, insect, and rodent) control, 67% said that it was worse than it had been 3 'ears 
and stali' time involved in field experimentation; earlier. lowever, there is no direct evidence that rat 
howeCer, it not include adniinistrative costs, damage actually increased :itdoes IRRI, because rat damage 
including senior stalY salaries, which would increase was not routinely assessed during that period. Indirect 
our esnmate of $6522 in rice field research costs/ha/ evidence, such as rodent kill and recovery data, is not 
year. To ouIr knowledge, no other single pest or disease supportive. The only major change in operational 
consistently results in annual research data loss ofthis rodent control on the IRRI farm that has occurred 
estimated magnituldc. since 1979 has been the elimination of burrow fumiga­

V'ert.brate pest problems, usually rodents or birds, tion with cyanide; however, unpublished data col­
or both, occur on most research farms like IRRI. Most lected in IRRI rice fields has indicated that burrow 
such fbrms have varying degrees of operational control fumigation does not reduce rat activity, or reduce rat 
programmes to protect resea-ich plots from rat damage, damage to maturing rice. 
When rat damage is kept %\ithinacceptable limits The rodent pest problem1s identified in this study are 
(dependent on the type of experiment), then scientists not confined to IRRI and are common ill tropical 
can account for such yield losses when reporting their experiment stations world wide where rice and other 
research results (RCidinger, I.ibav and Ocampo, 1978). crops are grown intensively. This study indicates that 
It is highly probable that yield data have been regularly losses from rodent damage in time, money and new 
reported that were, unknown to researchers, affected knowledge, are substantial and that increased research 
by rodent damage. into rodent damage is needed. This should lead, not 

only to lower research costs on experimental rice 
11ri1is, but also to the development of technology 

Timi 5. Estimated rnonetarv loss,:s caused hv rats ;i experimental rice effective in reducing yield losses due to rats in iarners' 
,


lot at the Intvtnational Rice Research Institute, 1980 	 fields. 

Research ost, 
230 ha Acknowledgementstxpcriment:l rice land area 

No. of expetiient.,/pht/ year 2 Tie authors thank the IRRI research personnei who 
lorctie rice land hectarage .160ha 
1980 field research costs* $3000000 responded to the survey. We also thank Dr D. J. 
Field research costs/ha S6522 Greenland, Deputy Itirector General, IRRI, for his 

Research losses due to rodents 	 special interest and support, and Mr 0. G. Santos, 
6.4. (complete data loss)x. 60 hax $6522 $192o08 Associate Farm Superintendent, 11\RI, flor providing 
59 t1%(partial data loss)x 4610 hax 6522 x 10 " S177 307 
Total loss due to tts $369 315 	 suportive in~brmation and data. Appreciation is given 

to )rs Michael W. Fall and Russell F. Reidinger, Jr, 
Includes: land preparation (Si 23,); planling 	 Denver Wildlife Research Center, for reviewing initialinputs-planting ($1389o), \,eed 
injI$379h1), lctllicrs ($28019), insecticides ($82i0iH), herncides (521 767); 
pest 

, 
control-bird!. ($110272) and rodents ($64103); Iunjr research 'ta.,"drafts of this paper. Funds for this research were 

salaries ($552000); labourers (SI 1,100); laboratory stall' salaries ($1794.1); provided by the IRRI and to the US Fish and \Vildlifi2 
supplies trinsportatio~i ($23,0t00) 	 r vdd1.ieI R n t h S F s n id iiand equipment (552.1472); 

xciudes:mail and admiistrativ.....pport Service by the US Agency fhr International Develop­seniorsAarics sta 

(Soure: IRRI Farm tudget and t epartnicnmal Costs for 1980). 

under PASA 'Control of Vertebrate Pests' ID/A conservative estitttatc of the percentage data loss incurred be experiments tha ent 

identified partial data loss due to rat damage. T B-473-1-67.
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