
711 

CROWN-3TNGI COCON UTT E'FtS Wijl I AN[TICOAGULANTj

~~~pV&:~ , 7. ~2 RODENTICH)-Sm
To RLI)UCu RA AMAGLE >-

A- ~~ ~ RUSSELL F. REIDINGER,J. 
~S. ; 

U. FIs and W'ildlife Ser'viceDenver Willife R escarci I Cdeir 
<..Secion of Interna tional Programs,

Bldg. 16, Federal Ccniger, Denver, Colorado 80223,1 USJ. K-

JUSTINIANO L.LPIAY 
NainlCrop Protciotn Cen fir

Uies tyf ,I Philippinies at los liallos*4~~-41.44~.4--K-WiC'olli'g. Laptiaw PIllppilits 

~ wo ds : Smal ma mal , c own~ait n , c c-onut , r n Ii des, rat d ama g e , baiing 

. ABJSTRACT * 

1K.--.F our Oflliccltare coconti plo 4ti chroic Tilt Problemls nicar Vilt ria, MindoroWere crown-bied with ;Iniiyuhi Oriental,rodecides, Two pto s kveT,4- R ret iiece. plo 1 duiring flI trs I)'e;tr. All plots wvere~
~~~Plot) as haited (25 rerent of, fie trees per ~id two as5signecd 
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te in de 
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- tc-;al~: r am pr witlmd- %vfi acute or chironic toxicallts ale oftenl used fo~r ro en 
:~~~ ~ ig I.coto ~ nlar ~~~~~~~~lal: "'. 4swNithj•. silll ..groves [Ise In ... ol Stl;c .. dJtal.... u!mm ers


Ofhalil , ll }J-atlqlg tmlav
OI(144969;Williams, 19. 
i;( eenl CO"(11clc d illthie P'hilippines (Montenegro,i.sl 
e 

r , .9"pic,1S 17ld j!,) Its, but cost( factors are typical19 2 1' 7 -17) iiy Yl;i g) ! nds ls c whe re c'g ' S nit judged 
;1 967: \V dizicki , 

,f bann li,ckiWoclonal ( ( 7 )ro d.la tn 'l as and -V aile nc ia G.;-. ..... . . ... ( 19 73) hav e recen tly- o 1 - li. th Phlp e l/' wth Most of'0 11S. evaluas sgwtS (atuc ng rotcOtia of ccoagidant roueiilicidus t it l andcan he usedto tlosses .no" cnubeleised are 'bcasentgo6(1 advantage for damage redIctioll 'A problem
44 'filtrl tugCp,i o" o, . big mt ithout consideration ofo actl. Studges" .44, c4cOit PrOducil96, Williams 19)74a) has postulated that cocoiutrsrc t collfor ahout oneklmluof fl(e upeter 


We desigilcd this stldty aslt 

thaadt an.iislost rat daymage.co, ht 

prolimiiary !cst of rownbaiting in theliliptinessgln roividualflees as te nlitsf ,altio on. A long-term damage reductionOil rsall 
' wi tws thesej oJevtti. ,s i thatdtin to assessment of d inageby counts of fallendda.mot.eh nuts, we measured ratacts withrn t rat o rdsfof nut proLIcoCtO rductioasnu copra content so that we could esti actual economic bele.fits. The stldy, beguirin Marchi uate1975, iso stilloein progress; we report here results frotha 

' ~first two ea s .. 
. 

IW 50ihelre itehist! tidyasapretiy of' chronic rat problei-batnarin" MATERIALS ANI) METHlODS aPh.iip n 

Victori, tindoreOien(a1, we chose Cor lotIs (1i 1tered Imo 4), each one ectare with 
100 1trees,fiars la PlothesdIs vereC Sellaar, let I by ea( lieters anld~s( 15o were al least 200 micetr fOiljof the cocotil grove. Cocontio treessle native varaetes, 10-25 yearsold, 

from 15-20 meters (~all. A slough transects (lie grove, surrounds Plot 4 on three sides and[.Plot I of] one side, anld separates Plot I from a small calainIansi (citrus) plantation. AA second slouigh borders one side of Plot 2. B~oth sloughs and their weedy banks, howemerare separate~d from tile experimental plots by several rows or more of coconut trees. Thedbitats. chosenCrop management4 study sites were practices are similar, and records maitained by the farmners
dicated comparable levelsofnut production and rat infestition in the past. During the 

oil the basis of tree varieties, ages, of trees and surroundinig ha-

First year.of the-study, werandonM ly assigned two (iplotss and 3) for treatment and two 
'1-. as reference (untreated) plots, During (he second year, we treated all plots. 

III each of the plots, we randomly chose 25 trees and numbered themn for detailedstudies. IIn tile treated plots, a single packet of poison bait was placed in tlhe fronds of
fililerd rescchIlot .e... 25 of the 

:I.025% loished rice and placed in snalll plca
w., Carm mixed with bild (ri e shorts)100ortrees w\ere baited. Packets consisted ofetrbags. Placke ts wre placed in trees by climbers (w ano 

4 

were also 20akingobse tions) r 
4 %v file 2 oromeaif te4 mborAsgpoles. roughly adjusted o t 4 odteedsinat I ie, s prtanr s Plotppefro am ed due mainly to cnt tion A 
.{iA:_., ... s.: .:;p : k [: [s ct om 1 00 t~r ms.dur ig va ied f 00. t o .20 ms.25 ontres of treatment or 3 WWees5useuse d : .t0 t .,l10 17ok g20 bgra ' ut skghper month per plt (ebanks, ho 

;nr 4, we tfl):used 7.5 Kfrn hriq 13l los (second year fostdy)of realent, or 
2..9 kg t moinh pcr plot (pctceare) 
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Before the first baiting,we set 25 rat traps at grotmd IlIevel ill eaclh plot I'0r tIini ec 

) 
secut. e nights to derinen rat Species c0pmpositioni For chI month of tle study, we 
measured relative levels of rat activity y placinig iiled track i ig tiles at ilec bs of 24 
randomly seleced palms in each plot ifor three coOsec!i ive tiigh Sand i ecording fil nnnh
berof tiles with rodent tracks. Before baitiijg~l we removed all falleninuis from the plots. 
. Thereafterwe kept monthly records oi the num1bers of fallen nuts (with and without 
obvious signs"of rat damage) in each' plot and under each liiuibered tre. We removed 

U 

fallcn nuts from the areas after they were counted, 
;Tefanner l1ad kept c arcful reco-ds Ol inldividuall tre iprh)Outio for his entire 

farm including the study plots, since July 1973. lie uised these records as accounts Of iut 
production and to: determine wages for harvesters. During the period of study, we re
cor66d counts of nuts harvested from each of the numbeed trees aid from each 6of tile 
plots. In addition, we maintained harvest records for eact tree north of a uimberc( tree 
to determine if effects extended beyond trees containing bait During the second year of' 

ihe study, we also kept recordsof copra vaiues during cach ihoith of harvest and illea
sured the copra.content from samples of harvested nuts. T6deteri|ie if rocolut palms 
are able to compeisate for rat damage by increasing copracontentof mildaimaged nuts, 
we selected randomly 60 nuts from those harvested in Plot I (after 21 miontlhs of baiting), 

* and compared itheir copra weights with 60 nuts also randomly selected fromn those lhar
vested in a nearby area which had received no rat control and was sustaining heavy

.damage. 

RESULTS 

We captured 59 animals for 300 trap nights, or about 20% trap success. Thirty-foui 
were taken from the treated plots and 25 from the rcferctce plots. Rutitts ramttis i;nida
tetnsis was most common (49%), followed by Suncus murims (20%), R. urgentilcnuter 
and R. exulans(14%): 

IRait activity, as measured by tracking tiles, was similar (27% in treated vs. 31% inl 
reference plots; Figure 1) in all plots at the onset of tile study. By the second month 
after baiting, activity ill the treated plots (I and 3) had dropped to a negligible level anl 
remained low thereafter. In contrast, rat aictivity in the reference plots (2 and 4) increased 
during the rainy season (4 to 7 mon this after baiting began itl the treated areas; by tle 
sixth month, 60% of the tiles were tracked), then returned to lower levels with [Ile onset 
of the dry season. 

We began baiting the reference plots on tle twelfth moonth ofltle study. Rat acti
vity rose after the first month of baiting, then dropped to levels similar to those observed 
in the other plots and remained low (compared with pretreatment levels) thereafter. We 
observed a rise in rat activity ili all plots dtillng Ilie last two liulilhs of the lipolIin pgieliod.
This coincided with harvesting of camote irld ricefihl crops in areas surrounding the 
coconut groves and might have been due to immigration of rats from these areas. 

Numbers of falle, rat-damaged nuts in the treated plots (I aMd 3) decreased in a 
manner similar to rat activily, i.c., by the second month, numbers of dropped, damaged 
nuts had reached a negligible level and reimaiied low thereafter (Figure 2). In reference 
plots (2 and 4), number of fallen, damaged nuts increased shiirply at the beginning of 
the rainy scason (from averages of eiglt to 44 per moith at five molnllhs rfrtei baiting in the 
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treated plots), theni returned to lower levels during tile dry season. 1hrce monthis aftcr
 
, began bating in these plots (fifteenth month of the study), tle ntnmbers of dropped,
V;dam"aged nuts had rcched it egligihec level and rcnuaincd lo thereafter.
 

The total numbers of fallen nutsincluding those damaged by rats and those not
 
A obviously damaged, Oencrilly.. followed the same patterns as the damaged, fallen nuts 

With (liee exceptions: relativc increases of flallen, 1diauaged nu11tS oc"turreL during tIle 
eight through the twelfth and tie twentieth lirougl tihe twenty-fourth month of the 
study. In both ),ears. the increase was during Nove.iher through March hut the causes 
are ti nknown. Typhoon ng,++l+'ida an inmisu ally sting topical Storm, swept througl the 
Philippines illMay. 1976 (fourteenth month of the study) and its dramatic effect onl 
numbers of fallen, undamaged its is shown in Figure 2,. 

During thie period of study Wretd hecre, thmcrc were scven harvests during treat-
A ment for Plots I and 3 and four for p~lots 2 and 4. For numbered trees inl Plots 1 and 3, 

"unmbers of nuts harvested nreallentpet month during averaged about 2.5 times those 
of, tI cjast pretratment harest; .in.JlPlots.2.and4. harvests. duringtreatacnt..for -nuil, 
bered trees averaged about 2.2 times those of four pre-treatment harvests; Trees north of ' 

numbered trees followed the same pattern of coconut production as the numbered trees, 
only increases were less accentuated (1.9 times pre-treatment levels; Figure 3). For entire 
plots (Figure 4), harvests (nuts per tree per month) averaged 2.92 before treatment and 
7.39 during treatment in Plots I and 3, and 2.57 before treatment and 6.04 during treat
nent in Plots 2 and 4. 

Copra content of nuts sampled from those harvested in Plot I after 21 months of
treatient averaged 368 g, slightly but significantly (1)<0.005, one-sided Student tTest)
less than the copra content (1061 ) of nuts taken at harvest from a neary ntreatet 

area with heavy rat damage. 

IDISCUSSION 

In studies conducted elsewhere, R. rattus is generally considered the major coconut 
pest (Taylor, 1972), althongh i?. e.\',lns causes damage in areas not invaded by R.ratios 
(Smith, 1969). In studies conducted in the Philippines, Montenegro (1962) and Kurylas 
(1974) did not identify pest species, while Illoque (1972-1973) reported only R. r. mincla
nensis in her study plots in Laguna province, Luzon. Z. Sultan (personalcommunication)
has recently found both R,r. ,nlidawnsis and R.e'xuthnts in his account study site, also 
in U.guna province. 

Since our preliminary trapping was conducted only at the ground level, we cannot 
deduce species composition in the palh canopy nor can we conclude which species cause 
the~most damage. Ilowever, we have recently studied movements of rodents in an area 
adjacent to the study plots (Sanchez et al., 1976). We tsed bait containing a marking 
agent which was alternately placed in tree crowns and at the ground levels, and suggested 
from the results that two species, I,; r, minldainsisand R.cwxtlans, move actively bet
ween the levels, ihat their relative densities are lower in Iile Crowns than oilthe grove 
loor, aind that mItovemlient of'IR. ItnIlctujmcI'r 11 m irt! goIund level to tie ire, camopy is 

either absent or sev.rely restricted. In cased feeding trials, Z.Sultan (tersonaliommtni
cation) has found that R.r. mindamnsis is the major pest directly affecting growing coco
ntits in our study plots, although inure studies are certainly required on the roles of each 
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lFigotre 2. NMniber of fallen nuts ill floor co)C()lllll )lots, eachl onle hectare wil h 100 trees, 
nevar Victoria, Mindoro Oriental. Plots I and 3 wyere treated and Plots 2 and 4 
were reference plots during the first year; all plots were treated during th esecond yecar. For treatment, 25 trees ill each plot were crown-baited monthlywith anticoagulanlt rodenticides. ...
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anid J were trealid and Plots 2 and 4 were irferunce plots dlihhg tie first year 
of the study; all plots were treated (hurng the second year, 
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species in the c1OeOflut ag~csseImbfr 
can be,understood, hi oesbl nlecs0,pouto

Based on moesblthe mcasurenLents of rat activity and counts of fallen nuts, crow.baitig 
lene npouto 

with anticoagulantprd ra t rodenticides effectivelyWith !theexceptionsreduced damage in allobvious noted earlier (Figure 2), fallen 
nsigns of rat damage wcre also greatly nuts withoutreduccd. We interpret ths as reducedindirect effects by rats on maturing nuts, a consequence of the baiting Program.Based on records of harvcsts fro,, trees north of mnmbered trees and entire plots,it appears that tie effects of baiting extendedtrees witin the experunentalplots. In fact, we 

beyond the numbered trees to include allobserved dramatic decreasein coconut areas of fallen.nutsimmediatel.y Suruinng thletree crowns by treated plots,way of overlapping fovenimetsfronds of rats betweenquently noted have been commonly observedas an impedement (andto the effectiveness of tree 
are fre

-, -- also indicate banding), and~Tile¢ active 3movement our studies!iglihni0 b of pestty of ra ts-iwithin rats between tleTpelin a grove -migif- l-k- ;, tree canopy-ajidhe.gi-dund.-......... 
sary to bait ourobservationthat it is unces.for the 

eachtree for effective control, We are. entire plots were greater uncertain why increases in production'trees, but Williams (1974b) 
than for numbered trees or treeshas reported that sonic 

north of numbered
coconuts withinby rats. Phaps n1o 

a grove are favoredasampling -rndomdistribution of damage biased the results of our random 
ithin Plots. For this reason, comparisons of yields for economic analyses are

The economic value 
based on production records for all pals within the experime'ital plots.of individual coconuts in the Philippines varies greatly withsupply and demand which makes it difficult to estimate !heof the procedure potntial economic benefitIn 1973, fanners in Mindoro earned about 110.40 (P1.00for each coconut. in ca US$.14)1974, values ranged frorm P 1.20 to as lowv as 110.15 per nut, Monthly values of copra for 1976 and part of 1977 are presented in Table 1. Bait for plots I and 

3 cost about P15.00 (P0.075 per tree per month, and for Plots 2 and 4, about P13.20(P0.066 per tree per month) per month, If wages for labor are included (about 3.4 hours
per nonth), the direct costs for monthly treatment of eachP0.12. Based tree would be about PO 11
2,5 times 

on the market value of copra, and assuming a harvest during treatmentthe Pretreatment levels, ofgross worth we stiniate that theof copra from direct and farmer gained about P14,960indirect effects of the crown.baiting l)rogram in 
the four hectares under study during the period when all plots' were treated, We estimatetotal costs of control (assuming ofl'0.12period, with anhoverl cost 

per tree per month) at P624 during theto benefit of about 1/24. Cost 
same

harvest period varied considerably (from 1/7.3 
to benefit estimates for eachto 1/41.3), according to the market valueAlthough the use of fallen, rat-damaged

tative measure nuts is most commonly used asof loss and in determining the a quanti
economicmethods in coconuts, this measure benefit of potential controlwould have greatly underestimated actual losses and

economic benefits of the crown.baiting method inlyears of study, we our experimhental plots.recorded 129 fallen nuts(0.017nut per tree per 
i)urig the twosigns of rat damage in treated plots, 93% dtring the first 

.onth)with obvious
2 months after treatment. We

recorded 593 (0.22 nut per tree per month) in untreatedrepresents only about 4.5% reference plots.'he difference- 5.8% of the estimated increases inof actual production. The ield, based on accountsobvious implicationcause far more is that rats ill our experimentaldamage than is recognized by mcasuriig )lots 
, dainaged nuts. Since Iany
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Vi.toria, Milr.Fgsarebsdo ot n eeisfrf etrs 

T~ilif1 Etina td colno'li" b)enefits of crow urbaitiirg it, coconuts 
Victoria, Mindoro. 1-igures art, busd ("I costs and bcncefits for 

tC study plots 
four hectares. 

near 

IlarvetMnIth, V' I 
tlarvcst 
Period
(M.) Copra

/P 
Valf t Ntts Isarvestet

/:g utF (Pel t 4 plots) 

Gloss 
Value 
( 

Fstilasi ed enefitl 
l Cueto 

at Control ( 

.Estimated 
Costs of Cost/ 

i 

i sly 1975 

Ftirclhetr 110?( 
h-, 1'11wi 11)0, 

5 

3 

I.U 

1.80 
1146 

0..10 

0.72 
074 

7,320 

8,310 
8 25 5 

2,928 

5,983 
6,109 

1,757 

3,590 
3.066 

240 

96 

1/7.3 

124.9 
113H1.2 

Sl:,:cth 1977 . 2.70 1.08 9,180 9,911 5,9,8 144 1/4 1.3 

4oal 24.934 14,960 624 1/24.0 
uIssti 2.5 itus p(rIl ce 11)o 1tt 1kg of copra (based on 171 nuts sampled aver two liarvests in 

treated plots; total (8.25 kg coprador 0,40 k,/rut) 

*NSsitllics, a 2.5-fold il&r-ase il 1t t production due to effects of rat control. 

A , 'A 

1: 

4t 

- *~ 
A 

farimers iii the I'1lilipsinIles also use fallen nuts as an indication of losses to raits, and if thefindilps of ot work cat be gencralizted beyotd tle study site, acttal coconut losses totratsitt [ie 'hilipppines,:and i)chtaps it other countries, may be much greater than pre.Sclly tcalizeld. 

The po~ssibility of, cottpensation by paintis for coconnt losses renains a consitle. 
ration. Williamts (1a947a), based oilt da-erage to coconuts, postulated thatIpaints can cOtll)ltsate foi abutu 50 percent of losses to rats in Fiji. Ile noted thal femaleflowers increase ini trees sustatining rat danage, thaI setting rate reais ite same, and 
stug_.ested that this May pirovide rte ir ech an isnlr for conrpensation over long terms (twoyears or more), but ftiat otiter More rapid mechanisms might also be involved.

We assiume that major compensatory mechanisms affecting crop yields in our plotswere already in operation before baiting was initiated, because the entire area has a long
history tf chrolic rat plrobletts. We assutne also that tile ntechalistrs continued opera.
[tip in Plots 2 and .4 during the first year of the study, when these plots retnained tintreated. We use the dramatic increase in coconut production which resulted from effective 
control in the treated ploIs to attest tiat the cybernetic ntechanisms, if any, were unable 
to comptcnsaile for ilk' level ofi rat dattage in the phts. We therefore, suggest that ratlartiale served asactar tirrrititrg Cocatnut pradriction ill the area, Alllthogh copra con.tent (per rint) may have been slightly lowered (we measured about a 10% reduction) 

as the numbers of harvested nuts per tree in treated plots increased, the amount was 
instufticierit I'l ohviolts Sepalatitll I'lt0ou fllltt;ttitrs if) copra content over exteirdedpirio(d of little attd iladeqtuale to significantly affect the ecolomic benefits which weregaiied by fol owing the hailing program. Of course, the long-ternm effects of reduced dat. 

I-S tie Ot oiitalc I)tipldctiitl Ieqttile ftlthr stidy. 

* ~0/ 
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CONCLUSION
 

We colnciudc fro", tile first two years of study tfit sustaieid crown-halting wih
 
chronic rodentici'des provided effective protection From rat damage in all plots diring
 
periods of treatment, with good economic return, and with thle potential of providinglong-term reductiol of' cocontit Iosses to rats. Sustained crown-baiing, at a cost of

P0.1 1 to P012 per monti, is affordabe to small fan ers in the Philippines, but trials
 
should be conductedf to detemihic 
 tie general applicability in morc diverse conditions
 
tnder which coconuts are grown. 
 Future studies with different baiting scheduis and

placement procedures may reduce the cost of control, We Point to thle n.eed for addi
tional studies oi the direct and 
 indirect influences of rats on coconut production, and
for inclusioni of actul production accounts in determining econolic benelits of poten
tial control approaches.
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