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ABSTRACT: Based on 
findings From studies conducted in the Philippines over a span of almost a
primarily by scientists at decade,
the Philippine National Crop Protection Center, crown-baiting (wherein ba
containing anticoagulant is placed monthly in the crowns of some palms in 

.

the potential of providing highly economical protection from rat 
a coconut plantation), holds


various field trials appeared related, in part, to 
damage. The success of the method in
 

ac,d to the selective removal of rodents that feed in the palms
use of baits that were preferred over growing nuts.
10% or less of the trees may have to 
Studies have also indiceted that only
be baited for effective control,are needed to confirm the optimal although additional field trialslevels of treatmentPhilippines. for different coconut-growing regions in the
Based on findings from tie studies, fallen, rat-damaged nuts may represent only a small
portion of the damage that 
rats inflict on coconut palms in the Philippines.
 

INTRODUCTION
 

Extensive coconut 
planting in the Philippines bean in the mid-1600s with a Spanish decree that all
villages plant 200 trees to provide fibers for the riw-as directed to " ing of galleons. Later, in 1768, each family
plant at least 200 ft2
 to coconuts.
began in 1880. Currently, about 21% 
Mtjor shipments of copra, initially to Europe,
of the agricultural
hectares is planted to coconuts. Coconuts have become an 

land in the Philippines or about 2.2 million'
important food item and are
every province both on small 
farms or as plantation crops 
grown in nearly


2 ha in different provinces (Woodroof 1979, Anon. 1975). 
Owner-operated farms average between 1 and 

53. of the worldwide production 
About 70% of world copra exports and about 

country also supplies 
of coconut oil originate in the Philippines (WuDocroof 197'9).about of The78.Z the U.S. market for dessicated coconut (Anon. 1975). 

Despite its status as the world's 
among the lowest 

leading producer of coconut, yields for Phil ippir.e palms areof the major producing countries. Thepredomiradnce of old trees past 
low yields have b-en att:'buted (a)peak productivity, (b) low-yielding to the 

1d) other native variete.,factors. Among the (c) rior suil,other factors, rat anddamage is sometimes regered as a factor thatinfluence coconut yields. can 

Only ,furing the past decae. however, has subs tan tiveas an i':portant and limiting factor 
ev idnce een otaine: iMplicating rat damagefor coconut yields inca:,Se has at least smeIPhilippir:_- groves.been argued as unimportant because Whereas ratof the capabilities ofto treescompensate for rat-damaged in sc-e geographicnuts (Harbehonn regions

in PhilippinT coconut groves where it was 
1971, Williams 1974a), such comperis:ltion wasinvestigated (Reidingur and libay, 

not fo:,nd 
we preuent a brief in ;'ess). !noverview of information now available this paper,
and summarize the on the nature of rat dasage inresults from a the Philippines,series of studies conducted over almost a decadethe Philippine lational rostly by staff atCrop protection Center.
 

SMALL, IA.',-AL
SPECIES
 

Small .ava' species in Pilippine coconut groves
R. argenti, rter. include Rattus rattusand Suncus muriu. Of these . e'l ens, 
ise bto tt ;e
tile i a .ographic
of Mindanao and Mirnooro 
(Barbehen et ral. l973} an d 3. u,, aninsectivore, 
is pobbly not 
a coconut pest.
 

In 9 studies condurted ;y 
stalf of the Philippine National
averaged about 531 Crop Protection %enter, R. r.of snap-trap collections mindanensis 
ave. aged about 14% 

at the ground level of cocorut grves,of the collections (Table 1). whereas II. OxuansOn Mindoro,by R. ar.ientivenver, this 1 of the 2 islands :non to inbispeces accounted for about 12." of 
b ted 

tese the ground-le-.olstudi-s-,. r. mindaner ,is, appeared to be 
col ertior,.n. In each ofthe primary coconut pest.
both at the groa-nd-leel"and at the crown level 

its pr-.'alence in tie field 
7a'age 

(Rodent Research Center 1976), andnuts (Sultan 1978) leave its ability tolittle doubt toas itls destructive potential. 

,DlA.AEPATENS 

Conceivab"y, rats could affect coconut yields during anyfo.erig tq m turinq nuts. To our knowiedge, 
of the stajes of nut devel.k..nt, from,there hascf nut growth not been a systema:ic as,-nat are affected of the s '.gesby r.nt amqage, althoughinVest idtiO, is needed (Reidin.er there is reason to ! .-- t sua iand Libiy 198,0). .ust investigation, ll 

,.e roused onrr tu:ini nuts, proibi ly in 
of -, ;.' rns of rat da:.opart because drraagu atOmer, arnd probibly thin sta" 1% hi:rly vis ib eirr p erthenause counts to "reof fallen, rat-dina.ed ns ha.e tr,' nalt;.'.dt', major criterion for assessment of damage. 

as 

A g'.E-;:i~,Ilro','cdIInI, Tn h Vrc lnrnrh P'-,IC 11)fvr1 1-:11 ~.W( 'alkfo'nila ll(c. 73I ta'.Is. ('%tif'. 
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http:ground-le-.ol
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Table 1. S-:all mammal Species trapped on the ground in Philippine coconut groves on Hindero and LuzonIslalds.a,b
 

Species co :,imosition ( '
 
.:._t
s r tLs 

n.nensis 
 R. e~x~ulans
 - . arentiventer 
 OtherC 
 Trap nights
 

Mindoro Plots
49 
 14 
 17 
 20 
 300
64 
 19 
 16 
 0 
 150
55 
 22 
 9 
 15 
 150
52 
 30 
 9 
 9 
 50
71 
 19 
 10 
 0 
 50
means 
 58.2 
 20.8 
 12.2 
 8.8
Luzon Pot,
 

95 
 0 

5 
 1,332
74 
 3 


23 
 62
24 
 3 

73 
 40
38 
 20 

42 
 1,050
Means 57._ 
 6.5 

35.8
 

aBased on",e. 
 (1973), Reidinger and Libay (1930), Sultan 
(1978), and our own unpublished data.
bse to70 s ­ not equal 10% due to 
rounding.
 
C:4ostly S.;ncus :urinus.
 

.. (1 73 ) -l lecte 3,199 rat-da,,agod, fallen muta ''. -oundthat F5,hof 
in Laguna Province and examined pattrnsthe niots were damaged at ofthe base, 25% had suffered lateral d.mage, andabout 107 were Wainged at the distal end.no.s coll eced over ?Korylasa (1974) found roughly the-year period in Bohol, as did Sultan same percentages in 4,045in: (1978)
s cittern for 220 nuts Collectcd Over 5 monthsof damage probably reflects thewhere nu:; a're easier accessibility of theattached to Lhe to rats basal endstree. No consistent pattern of damage to16 cm), enu beteen 11 and 16 cm), or small 

large (diameters greater than(less than 11of nuts were funJ damaged. cm) emerged from the 3 studies;About one-fourth (Kurylas 1974) to 
all sizes

nuts sustained'.Derficial injury to the husk, 
one-third (Hoque 1973) of the damagedwhereas the rest hidthe h'rd . However, under holes that completely penetratedfree-choice situations in cages, R. r. mindanens is preferred button­sized nuts 
to Taturing nuts (Sultan 1978).
 

ere.:1;s'.;ch descriptions of damage areaburdn: clearly influenced:- t'e different growth stages and 
by a number of factors such as relativetheir relative nutritionalaWd the o Wlity of ot-her contents, palatability, tastes,food, only limited interpretationsdata serve pri'ari:y as an indication that 
of this information are possible. Therats are opportunistic foragers, adjusting their preferencesin part a=rdng to availability of rood resources.
 

RAT A:T71V"TY AND P..T DAMAGE r
 
A variety of ,.ethods, 
 includiry snap-trapping,

tq assess -at activity in coconut qroves. 
radio telvnmet'-y, and tracking tiles have been usedOf these, all1i-ited use. except tracking tiles haveTa our kno.w-ledge. received onlySultan (1978) provided the onlyof rats report of attempts.,w-"ir coconut groves in the Philippines ucing radio 

to follow rvements 
mi n tele::'etry. lie5 P. exol...s, live-trapped a equipped a total of 5 R.the ground level, r.6n''e-mens 'or with radio transmitters' to-al--T 4.2 h and 202 location changes ovrr 

and followed
 
trips. att-ac to tree trunks 1 month. Sultan (1978) also used snap
near the crowns,(Rodent ..... in part to monitor rat activity.Center 1976), In another studyd bait containing tetracycline wasgroun 1e' in arother plot, to placed in tree crnwns in 1 plot andmark rats. By suburently trapping atand by ,K ..iny tie presence of tetracvcl.ine rats at the crown and p:'ound le,,els,on capt'.red rats. a Measure of movem_,nt but;:een rundand c - *,n "- .; we. obtained.
 

Tre t F.o q tile (Wit 
ot al 176) has pr-.cvn, hn.o,.',ei ..t,:: rela:i.v. to be a prLitiularly usefulrat activity tMYiin coc:nut plantaticn's. forDenver Wir lif n P';st studies (Rdp;t.arhC.rtpr 1977. Research Cent, 
were plac'a a: :re 

Elias 1978, .hingr and bay 19M,), 24-50 
195, 

tones of palms, ei ' so.'cted at tracking tiles/ha
iarthl, random or systri.rtihalll;,,act rhi fur 3 ccnspcti..e nights
n:er of tiles wiLesrodent tracks vas record,.d. Results ware rcpiortcd a.averag t'_ 3-nia2 ht,p '-- ' e..of tiles thM t were tracked. 
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In 13 plots not treated fol rat control, but monitored for trackinqindices of activity have tiles for 1 toranged from 24 months, miearn19 to 76% of the tiles markel.ra' activity in these plots The specific relationships hetweenand rat damage, as determined by numbersrot been carefully assessed. of fallen, rat-damawed nuts, has 
reasons. 

We suspect, however, that such associations wouldFirst, measurements be weak for severalof rat activity were 
made at ground level ,g"oves) occurs in the tree crowns. whereas rat damage (in mature
Second, 
some rats apparently!.74b), causeand some rats active at ground level 
more damage than others (Williams
apparently never clib trees.
rat-damaged nuts may Third, counts of fallen,represent only smalla portion of damage cdused byPi1ippines (Ridinger and Libay 1900), 
rats In the tree crowans in the
and relationships between counts
c' damage are currently unknown. of falle!i1 nuts and other formsThus, a count of fallen, rat-daiaqed nuts may,an inadequate in itself, representmeasure of damage-related activities of the rats.
 

Others have also 
noted that the relationship 
-aarone. between rat acti'ity and rat damageFor example, bot'" Hoque (1973) is not always aand Wodzicki
W!Lh little rat activity, based on 

(1969) found extcnsive rat damage in groves
trapping data. 
 Sultan (1978)
related to found that trap success was poorly
,easuremencs of rat activity using tracking tiles, and similar observations have been made
Philippine ricefields 
(West et al. 1976). Nonetheless, relative changes 
in percentages of marked
tracking tiles have been sensitive enough

c. rat activity within coconut groves, 

to provide reliable and interpretable measures of gross im.pacts
such as effective control practices and seasonal
t: climate or abrupt changes fluctuations due
in adjacent croplands (Redinger and Libay 1980, Bruggers 1979, 1980).
 
The most common assessment of rat damage to
Although this practice has been 

coconut involves the number of fallen, rat-damaged nuts.
incorporated into most of the studies 
conducted in the Philippines,
actual measurements of yield (in treated and reference plots) may provide
the effectiveness of a given central practice. 
a uore reliable measure of
Reidinger and Libay (1930),
fallen nuts with obvious signs of rat f6 example, recorded 12
damage in 2 treated931 of which were counted during the 

plots (1 ha each) during 2 years of study,first 2 months
ccaited in reference plots. The 

after treatment. In contrast, 593 fallen nuts weredifference represented only aboutin yield, based on 4.5 toactual 5.8% of the estimatedaccounts of nut production, due to effective increases 
(i00) suggested that rat control. Reidinger and Libayrats in the experimental plots caused far more daiage than would have been
recognized by measuring only damaged nuts, 
and suggested that actual 
losses to rats in
and perhaps in other countries, may be much greater than is presently realized. 

the Philippines
 
Results from other
studics conducted in the Philippines have been consistent with this observation.
 

Additional studies are required to further describe the extent and nature of rataid- until such infon:,ation is available, daMage to coconuts; 
prztices on actual mea.urements 

it appears prudent to base economic benefits of rat controlof yield, and to 
use measurements 
of fallen, rat-damaged nuts
a5 prim-rily
a relative index for monitorin: 
 the progress of the control aporoach. 
Da ta 
from studies described above su;gest 
several features of rat
Frst based n the activity important for control
results of radio telemetry by Sul ta (1978),
i-.n. e 1g'', hone it appeared that R. r. mindanensis-. larg ra at the ground level (m!wan of 963 m2) .
 ,-cli,,j than did R. exu;- -( '!VF2);
h.,asreroid ro
for either species in his study. The
s'. est tht differences . 

sizes of home ,arge, for these species
t be c:,iected in the degree to which each encounters0'" statins. sparsely distrbuted
S ond, 
 i 'ed n results 
from the tetracycline bait study ( odent." entiventer did not omv S erh Center 1976)
rv the groundLto the c.rown level thel that i ur coconut grove,aliientiventr is supporting tn ota est species in connut groves'jg t l ir. even though it is sometimes preseort' c2:rest,- all r.. iplpysis and R_. exiil_,,ns cullected in the tree 

7:z>e 2. M'e:ent of 
rat in roa:,,mut. groves in Mindoro Oriental.fo- week in ccowns (PictA o' 
Fifty bait points were establisheion the ground (Plot B) andSu:equent snap-trappin was stoc~ed with riceitetracycline bait..g conducted at locotiou:; reversed fra, halt placement:o- evidence and rats wre examiredof bait cansu ;,p.ion . 

Pattus rttu;. mirdanensis R. exulans R. aryn ienter 

Trapped 
 M.la
rked Trap-ied .irked Tr,,pped Marked
 

c :own-ba i ted, 
round-trapped d3 65 
 13 77 11 0 

Mlot 3 
.round-bai ted,
 

L:w:m--
trapped 
 7 
 100 
 4 103 
 0 0
 

At.,Had fr:., Fodent Research Center 1976. 

75
 



crc..ns had been previouIs ly marked by ba it Lofa ted at the ground level ,tihe ground level had hr. previously marked 
;nd sro.we of each coIl ected atby ha t placed at thle crown level Third, also i)utilizing tetracycline bait, nearly twice 

the study
as much bait was 
talen fron qr,:nd t
placed in trees. We interpreted these results as confirminq that a

the . and co as from tiosetree crowns represents only a f'raction of that feeding on pcnulation of rats feding illthe ground. Thus, baiting inexpected to result in more specific control of damaqing ankals and to 
croms would be 

require less bait material for
the same degree or control. 

s 

Fourth, the studies indicated that changes in rat activity within coconut grovesinfluenced by changes were sometimesin adjacent habitat. For example, Reidingerrat activity when nearby fields of sweet potatoes an 
and Libay (1980) observed increased 

r;, wee harvested.conducted by In 'are recent studiesthe first author and 
other scientists

197?, 1980), 

at the lational Crop Protection Center (Bruggersincreased 
rat activity was observed within experimental plots
Vizcaya and located in Bagabag, Nueva
in Calauan, Laguna, shortly after land preparation in adjacent rice
following harvest of these or cornfields and
fields. 
 The lowest 

stages of the adjacent rice crops. 

rat activity occurred during late vegetative and maturing
Tius, in situations where coconut groves
available data suggest are near other crops, the
a dynamic pattern of movement by rat,
croplands. Such between the coconut grove and adjacentmovements need to be considered in the evaluation of potential control practices.
 

CONTROL METHODS
 

_Banding
 

Hloque (1973) demonstrated that rat damage 
to coconuts could be effectively reduced by banding
individual trees, by keeping the bands in good repair, and 
by triminq overlapping fronds.
has been an impractical one in many situations, in part, because many growers 
The approach 

to pay for the high initial are reluctant or unablecosts of banding materials and fail
esti-aated an initial annual cost 
to maintain clear, groves. Rubie (1980)
in labor and materials for banding trees
vegetation on 1 ha at and trimrling overlapping
P714 (1 Philippine peso currently equals about US S0.12), with additional
maintenance costs of P366 over the 
10-year life of bands. 
 She estimated
for banding to be 1:25. a 10-year cost:benefit ratio
We believe several 


those relating 
of Rubio's assumptions may be optimistic, particularly
to effective band life and maintenance costs for clearing vegetation
plantinrs, and in dense Philippine
that atuai cost:benefit relationships 
for sm.all growers wuld be less 
favorable.
 

Oreur J- ai t,:,
 

Althvu]h this technique is not uncoopon in Philippine coconut-growing areas,made to ass-ess its P eetiveness. Kurylas few studies have been 
prooram (1974) described the first-year results ofon 1 ha in 0el0, which was said to be an experimentalreplicated
ve determined in other areas. The cost:benefit relationshipfrom this report was approximately 1:10, based ononly differences in fallen, rat-damagednuts recover-ed n treated and untiete'd areas. 

in a study r .erted 
plantation for 

by the Rodent Research Center (1976), ground-baiting was conducted in a 5-ha
13 m-nths, then cron-haiting was conducted for
20 statio;;s/h- contining 0.025% warfarin 
tht next 12 ronths. For qround-bai ti rig,
in rice shorts were checked at least
as required. Total costs, twice a week and rebaitedincluding bait, rodenticide, and
month during the last 

labor averaged PI4.50/ha/month or P1.60/ha/
6 months. Monthly crown-halting of about 10% of the
bit material cr trees with 200 g of thc samethe first 4 months, and 
100 g of the bait material for the remaining B m:onthsin total costs of ony P". 70/ha/mon h. During resultedthe ;periol of treatment at Iround level,kg of bait was used W a total of 443an:ot6 kgla/month); 89.6 kg 
or about 1.5 kg/ha/month were used during cro n­baitin.. 
 As in the Kurylas (1974) study, damaged nut fall declined slowlyinitially reqjirin 5 ro:rths to drop ur-ing round--haiLing, 
acti,,,ity, d*ter.ined by tracking 

t lO: of initial levels, then re:-r.iini hiql.ly variable. fattiles, also declined durinj15%, an:d ,. tie months of baiLing but jumped to 16%,durin' the eighth, eleventh, and
fallen, t;,elfth month, respectively. In contrast, numbers ofrat-damaged ruts rerained 
to zero by 

at e- near zero after 3 r'nths of crown-h.aiting. Ratthe third ror: of-nri-bait activity :leclinedin, and averaged les than I during thetiles were ,,,ark.d in the 'e't of the study (no7 ef 12 monthr, when cr:-rn-baltin,inrrreased r atof about 2 
w-as used), Grm'q-baitin resul ted inti:en t- pretrea-.aint 1 

te ,i, 
levels and c:own-bai .irg in harvests about 2.5pret raatr-nt levels. Si-:e nut p:ro'uctinn 

. ..... m 
by tree: spanied tire 2 bartini per-ioda, cotuiter­tu ie d desir- le to help understand these findingrs.has been c-Z,: ....d For this study. i5 cos0 -'e-'fit relationshipRubio (1930) estimated the coist: toreFi- rela ionship for ground­baiting to he 
 :.;.46, 
b ,,edon assuaed yield incr-ases of 100%. 

Crownlait.; 

Reidingr 
based 

and Libay (1980) crnducted a n-eliminary study of cro:.-;n-haitang on-'irdoroon reports of successfui over 3 years,use of a s irri 1 a;rcach in Colc:'i aValecia G, 1720), I (Eli,. an-d ''a .nc ia G. 1973,e trial, 100 or 200 g f C.0257 warfarin in ricepack. er ir a pl.s rc ba'l was s;o-V ar':or ,olihed ricep1iaced mornt:ly
to 

in tr cs. Since r ts apparentlv .asil,ac-other acros r-''rl;:ppr:g fr-nd,, r.-.'.e frorr, one treeit appeared %.n.rIecersa..arhitrri ly at 2K-of to bait eve:. -,e. aiting r"t, wastre Ire,s. 13ithin 4 :..:m:'t:; seth :rvo-et'-' r: s dou'ried an,,drilt-d. - rilun ri 2 irlt s, fal len,-dl zero
. to rnear level. Resru ts aterwith 3 yars ;--s.hrvewt extrei;- fverable-a-I,''ng8.36 "uts/Lrr/:rL'h orwi-a co m -atLi"o of about 1:2 (nrver' 
about 20.tire's the lrretr '--t 1.- l, and witi rr -:. ft 

used, Set a-rbitrarilv 
I llife Res ,r-ch Center rheT arl:unt of bailin this study- ,rver,,e.d ah:juL 3.6 lqig lot/,P.roth (101 tre, s . 

76
 



-
 va V1 'Yai plots of 6bout 1"a(ruggers 	 t res each were selected for'iStng
.sr(cplot
.0-,Oand 1l strees htlet 2,s
6% of/'tile 	 dbrdei9g.itreteswiere used over~a 2 ymrpro.idteasi'a sides otB~do h aL 8ionths 

nds cmprdtterfee~eplot, and 'rait 
cropland Baitingratesactivity was less than half that of tileIncreasedjdamage~occurred occasionally, but was always refereke plot.
associated with harvesting and land preparation
o. adjacent rceland and never surpassed the levels 
found inthe reference plot.
 

ble 3. The effect of crowibaitiates 
:ofctre. ..,,r~~~~~uamageo~~~~ on rat , damage and activiy infour' plots rangin
............. 
 . owsmo 


t/ 
Data-are from the last 18 months of 	

level' of damaged:- totfromn0 
a 
24montStudy in Bagabag, Nueva
 

te 	 Baiting
eofboy n 	 ratennZ
tReides * .02.5a itead 	 ­,c,,rms 5.0 16.0 
°~ 'Rat-damaged nuts/month/ ewe
100 trees 	 h58.5 9 ------	 .,tS.riia~y:.t. 


29.5T eivity/mcnth/ploa11.2 9.0 f8.3
 
eTeTe by 25 tracking tiles monthly fset 
 3 consecutive nighs. .
 

Subsequently,. 3 other plots in Calauan, Laguna were selected to evaluate
(,bruggers 1980). a 10
aetemin. d b bThis rate was 	 rate of crown-baitingfelt to be
. a reasonable comlpromise between the higher ratestested by Reidinger and Libay (1980) 	 'I,.,and 
,ur 	

originally
activity when nearby crops 

the lower rates, which were more sensitive to surges in rat	 .­least 2 sides. were harvested.
Two of the plots (I and,2) Again, each plot had adjacent noncoconut croplandwere selected at random 	 onfor crow,.n-baiting of atwhile the third (Plot 3) 	 10% of the trees,received no attention
earlier trials 	 for rat control. Results confirmed findings of the
.tha'.Plo
2 	adjacent to pineapple, had negligible rat damage and very low rat

activity throughout the 2-,)ear study (Table 4). 
 Rat damage and activity, far below that found in the
 

ta e4.
baTe Rat deapplots (lQ! ,agebaitingand ratrate)activity during thewt , reference last 21 months ofplot. a 2-year study comparing 
crown-


Rat damage ~ . Rat activitya________(damaged nuts/nionth/lOO trees) (mean monthly %) 

t'rice) 

...Plo-ref24ere c,adjacent 
2.3 	

11.5 

tr	eated, adjacent ' !
 
p
pineapple) 


0.1 

PIC- 3	 5.4
 

(reference, adJacent. 
tcrice) 


19.2 

19.6
 

-0ermined from 25 tracking tiles set for 3 consecutive nights each month. 

::,1,..2uc oWer2fe:ence plot (Plotrie3), 	 rice paddiesatdt,th a.dacen'twere also observed in Plot 1.which provided food, water, and shelerri,'o for rats 

..,;bly provided for an increased presence of rats in the grove.
 

much fo ts -rice rowth, and also 	
Its higher rat damage and activity, compared to " Z-

for this reason. Plot 1 did experience someS:st~le, in darlale. 	 surges in , activity with related te porary
These results indicated a potential
' st:beefit rela ionships have not yet been deteiine 
effectiveness of 10" crown-baiting, although
- la-loriship of a.out 
 nd. Rubio (1980) estimated a cost:benefit
1:25 for 10% crown-bai iting, assuming 
a 	133% increase in production.
 

SCS ION 
ased on these results and informationown-ba itin methe on rat lf"tivity, we speculate
d inorapidly reducing and mnaintaining low rat damage, was 

that the success of the
',tcrs. The firuci
A o s tively killing rats 	 related to at least 2
; 	 that were climbing treesthereby reducing costs 	 and actually causing
for bait and.minfinizin

'=)kusing snap t 
 impacts on nonpest species. Of interest, Sultan
(5r/h placed alternately in tree crowns and on
e 	s, was able to markedly reduce damage with 

the (round fo 3- days everyan
!ctor probably involved the use 	
estimated cost:benefit ratio of 1:4.of a bait (rice) 	 The secondthat was preferred to 	 the growing nuts, and the use 
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of chronic rodenticides that the rat.', could not eaily associate with sickness. Baiting rate also hasan influence on the rapidity with which rat activity and damage are reduced and on how well a maintenance
program performs when rats periodically reinvade frcm adjacent habitats. Bai ting about IDS of te treesappears to be a reasonable level to deal adequately with both situations under most conditions. We
conclude that the crowi-baiting approach holds the potential fwr highly economical protection ofcoconuts 
from rat damage in the Philippines. The approach warrants additional studies on such aspects
as regional efficacy and environmental hazard that are prerequisite 
to its recor,endation for general
use. 
 It has .Seen pointed out that a difficulty with crown-baiting relates to the mechanics of placing
bait in trees. This is of particular concern 
i, are2, with tall trees in old plantings. We have,
ourselves, encountered these difficulties in the course of research studies. 
 A practical solution we
have foun:' to avoid climbing is to use a long bamboo cole (or 2 lashed together) to place bait pockets
in crowns. 
 In fact, such a system (with a curved knife blade attached to the end of the pole) is
commonly used in some parts of the Philippines for harvesting coconuts. 

Ground-baiting is obviously the method of choice for situations where coconuts 
are interplanted
with ground crops that are also suffering rat damage. 
Although the practice is not commnon yet in the
Philippines, it is being encouraged, particularly among small producers. 
 Baiting rate also has an
apparent impact on the success of ground-baiting. Increased density of bait points would probably help
speed the slow declines in rat activity and damage found in several studies. Possibly a combination of
ground-and-crown baiting, much like the trapping experiment of Sultan (1978), would help improve the
efficiency of maintenance programs in intercrop situations. 

Finally, although we have quoted cost:benefit ratios based on changes in nut fall or in productionincreases over relatively short time periods, we urge caution in interpretation. The compensatory
mechanisms of palms may differ among varieties and appear to differ among various geographic areas.
The substantial production increases above those estimated by damaged nut fall 
observed by us and others
are not yet understood. It has 
been suggested, and there are some indications from data, that such
increases are short-term responses of trees to interruption of damage to young coconuts and thatproduction might stabilize at lower levels after several years of effective rat control.
 

ACKNO1,RLEDSMEl1TS 

The 
field effcrts and ideas of the staff of the Philippine National Crop Protection Center, but
particularly the efforts of J.L. 
Libay, are gratefully acknowledged. We are also grateful to F.F.
Sanchez, Cirector, CPC, and to J.P. Sumangil, Chief, Crop Protection Research Division, Bureau ofPlant 
Ind':stry, who have aided, encouraged, and facilitated our work. 
This research was conducted with
fund; provided by the Government of the Philippines, and with funds provided to the U.S. Fish andWildlife Service by the rqency for International Deveicpment under PASA ID/TA-473-1-67 "Control of 
Vertebrate Pests."
 

LITERATURE CITED
 

ANO:YI:Ous. 1975. The Philippines reconends for coconut 1975. Philippine Council for Agriculture andResources Research, Laguna, Philippines. 63 pp.BARBEHEN ;, K.R. 1971. Rodent control and the develop;ng world. Paper read to the AAAS Conf. onEnvironmental 
Sciences and International Developm:ent, December 26-31, 1971, Philadelphia,
 
Pennsylvania.
 

, J.P. SUMIANGIL, and J.L. LIBAY. 1973. Rodents of Philippine croplands. Philippine
Agriculturist 56(7&8):217-242.

BRUGGERS, R.L. (ed.) 1979. Vertebrate damage control research in agriculture. Unpublished AnnualReport, Denver Wildlife Research Center, U.S. Fis'i and Wildlife Service and U.S. Agency tor
International Development. 106 pp. (mimeo).

(ed.) 1980. Vertebrate damage control research in agriculture. Unpublished Annual
Pepor., Denver Wildlife Research Center, U.S. -is ard Wildlife Service and U.S. Agency for
 
International Development.'.]l pp. (mimeo).


DENVER W!L!AiFE RESEARCH CENTER. "Pi77. Vertebrate dcl'-,age research in agriculture. Unpublished
centr.1l 

Annual Report, U.S. Fish and Wildlife Service and U.S. 
 Agency for International Development. 86 pp.
(mimeo).

ELIAS, D.E., and D. VALENCIA G. 1973. Control de roelores en el cocotero. ICA-Informa 8(8):n.p.Eed.,. . 1978. Vertebrate damage control research in agriculture. Unpublished Annual Report,Denver 'hillife Research Center, U.S. Fish and 1iidl ife Service: and U.S. Agency for International 
Dove ;:n1
nt. 129 pp. (imeo).

GALLEGO. '.C., and P.G. ARAD. 
 1973. Pages 107-109 it Annual eport of the Philippine Coconut
Authority, Agricultural Research iranch. 
 nel!OQUE, .9'. l,;3. Notes on rodent pest affecting coconut. Philippine Agriculturist 56(70I):2,'.-289.
tUNY LAS , I 1574. One year of rat control in coconut plantaticns. Plant 'rotection News 3(10-11):
89-97. 

REIDiINGEP, .F., JR., and J.L. LIBA.Y. 1980. Crown-baiting in coconut trees with anticoagulantr ,en to red.,cu rat d(!'aqqe. Pages 211-2. i n Proc. S;,':;r. on Small Mammals: Problems and 
ticide 

Centrol. ;lOTOP S0ecial PIubl. An. 12, Boor, I"dnnesia.
 
In press. Effects of rat 
d:m:ange on size and weights of coconuts. ..,r e ,r c lf r st. 

RODENLT RES'-ARCH CENTER. 19/5. Unpuhblished Annual ppirt. Univ. Philippines at Los Banos, College,
Lagu:: . R9 pp. (iir;eo).

19/5. UnpubIl.,hed Aniu.i 1 
 Univ.
.ep,ort. P11lijpines at Los Banns, College,
 

72 

http:centr.1l


RIJU30, P.P. 1930. Rat control 
in coconut. Technclogy! 2(8/30):1-12.

SULTAII, Z.M. 1978. Uchavioral studies of rats in relation to ccconut dariage. 
 tUriublisLed M,.S. Thesis.
. Univ. Phii1:ipines at Los Banos, 
Col lege, Laguna. 45 pp.

VALENCIA, G., D. I90. Rat control 
in coconut palms in Colombia. Pages 110-113 in Proc. 9th Vertebr.
Pest Conf., 
March 4-6, 1980, Fresno, California. 
 -
WEST, R.R., r.'. FALL, and E.A. BEHIGNO. 1976. Comparison of snap traps and trac.ing tiles 
for
ebtainin. population indices 
of Rattus r!ttus indanensis in the Philippines. Philippine
 

Aqgriculturist 5-(9F,10):379-3,6. .
 
WILLIAMS, J.1.1.1974a. The effect of artificial rat damage on coconut yield-, in Fiji. 
 PANS 20(3):


2175-2112.
 
. . ... ...

1974b. Rat damage to coconuts in Fiji: Part I, assessment of damrage. PANS 29(4):
379-391.
 
CZICK , K. 1959. Preliminary report on damage to 
coconut and on the ecology of the Polynesian rat


(Rattus exulans) in the Tokelau Islands. Proc. New Zealand Ecol. Soc. 16:7-12
:DRO)7j'*. 79. Coconuts: production, processing, products. 
 AVI Publishing Co., Westport,

Connecticut. 307 pp.
 

79
 



PROCEEDINGS 

TENTH VERTEBITE
 
PEST CONFERENCE
 

Hyatt Del Monte
 
Monterey, California
 

February 23, 24, and 25, 1982
 

E[)ITOR 
REX E. INXARSH 

Arranged by the VERTE[3RATE PEST COUNCIL OF TIE VEP.TECRATE PEST CC.NFEREiNCE 

Published at the University of California, Davis, California 95616 

June 1982 

Cover Drawing by Harry Troughton, Visual Media, University of California, Davis 


