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ABSTRACT: Based on findings from studies conducted in the Philippines over a spen of a2imost a dacade,
primerily by scientists at the Philippine Hational Crop Protection Center, Crown-baiting (wherein ba -
containing anticoagulant is placed monthly in the crowns of some palms in 2 coconut plantation), holgs
the potential of providing highly cconomical protection from rat damage. The success gf the method in
various field trials appeared related, in part, to selective removal of rodents that feed in the palms
and to the use of baits that were preferred over groWing nuts. Studies have alss indiceted that only
10% or less of the trees may have to be baited for effective control, although additionsl field trials
are needed to confirm the optimal levels of treatmant for different coconut-growing regions in the
Fhilippines. Based on findings from the studies, fallen, rat-damaged nuts may represent only a small
portion of tha damage that rats inflict on coconut palms in the Philippires,

NTRODUCTION

Extensive coconut planting in the Philippines beran in the mid-1600s with a Spanish decree that al}
villages plant 200 trees to provide fibers for the rigiing of galleons. Later, in 1768, cach family
was diracted to plant at least 200 ftto coconuts. M:jor shipments of copra, initially to Europe,
bagan in 1830. Currently, about 21% of the agricultwal land in the Philippines or about 2.2 million
hectares is planted to cozonuts. Coconuts have become an important food item and are grown in nearly
every province toth on small farms or as plantation crops Owner-operated farm: average between 1 and
2 ha in different provinces (Woodroof 1979, Anon. 1975).  About 70% of world copra exports and about
53% of the worldwide production of coconut oil originate in the Philippines (Woocroof 1¢79).  The
czuntry alse supplies about 787 of the U.S. market for dessicated coconui (Anon. 19735),

Despite its status as the world's leading producer of coconut, yields for Philippirz palms are
amony the lewest of *ha majeor producing countries. The low yields have boen attributed to (a) the
predomirance of old trees past peak productivity, (b) lowi-yielding native varicties, (c) poor suil, and
{d) other faztors, Fmong the other factors, rat damage is somelimes regarced as a2 factor that can
influence coconut yields.

Only during the past deradp. however, has substantive evidence beon ostaine: inplicating rat damage
as an imnartant and Vimiting factor for coconut yields in at least some Pilippirs groves. Whereas rat
czman2 has been argued 2s unimportant because of {4 capabilities of trees in scma geagrzphic regions
to compensate for rat-damaged nuts (Barbehann 1971, Williams 1974a), such compensation was not Tound
in Philigpins coconut groves where it was investigated (Reidingor and Pibay, in press).  In this paper,
¥e present a brief overview of information now available on the nature of rat davz2qge in the Philippines,
end summarize the results from a series of studies conducted over alrost a decads rostly by staff at
the Philigpine National Crop Trotection Center,

SMALL MAMMAL spEClES

Small mamea® species in Pnilippine cocenut groves include Rattus rattus min‘znensis, R, exulzns,

R. argenti:.rter. and Suncus murinus. Of these, R, argentiventer 15 resStricted ir known geographic

distribution to the isTands of Hindanan and Mindoro (Barboficnn ¢t al. 1973). and S. murinus, an
insectivore, is probably not a coconut pest.

In 9 studies conducted Ly staif of the Philippine National Crop Protection Lanter, A, r, mindznensis
avaraged about 53% of snap-trap collections at the ground level of coconat groves, wherees R. exulans
ave.dged ebout 14% of the collections (Table 1). on Mindoro, 1 of the 2 isiands rnawn ts be inhabitod
by R. argentiventer, this species accounted for about 127 of the ground-lewel caliactions. I- cach of
tnese studies, R, 1. mindanensis appoared (o be the prim2ry coconut pest. its prxsalence in tue field
boih at the ground level and 3t the crown 1evel (Rodrait Research Center 1978), and its ability to
72292 nuts (Sultan 1978) leave little doudbt as to its destructive potential

e - -
d=MASE PATTERNS

Conceivab'y, rats could affect coconut yields during any of the stagoes ¢f nut developent, from
flowering to m turing nuts. To our knowledae, there has not been a systematic asssooswont of the stuiges
of nut growth cnat are affected by rat damage, although there is reason to LULDett thatl such an
investigaticn iy neadad (Reidinger and Libay 1980). Must investigations ¢f *nn Lerns o7 rat darange
save focused on maturing auty, probably in part because damage at this stane is 1y visible to wne
farmar, and arebably in part because counts of fallen, rat-damiged nuts have tradtiongd s sepved 3
e omador creiterion for asscssment of damage,
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=211 mapwmal species trapped on the ground in Philippine coconut groves on Mindero and Luzon

T e e SPECTES composition (Y)
2atius rattus
piniinensis R. exulans A arzentiventer Other® Trap nights
' Mindoro Plots
49 14 17 20 300
64 19 16 0 150
55 22 9 15 150
52 30 9 9 50
7 19 10 0 50
Means  58.7 20.8 12.2 8.8
Luzon Plots )
35 0 - 5 1,332
74 3 - ' 23 62
24 3 - 73 40
38 20 - 42 1,050
Maans 37.8 6.5 - ' 35.8

383sed on Hogue (1973), Reidinger and Libay (1920), Sultan (1978), and our own unpublished data.
Some toizls 73 not equal 190% due to rounding.

“ostly S.ncus murinus.

Hogue (1573) zollected 3,199 rat-damaged, falien nuts in Laguna Province and examined patterns of
damage, 2 found that 63% of the nuts were daimaged at the base, 25% had suffered lateral dsmage, and
abeout 107 wars dzraged at the distal end. Kurylas (1974) found roughly the same percentages in 4,545
n:ts coliacted gyer a i-yzar period in Bohol, as did Sultan (1978} for 220 nuts collected cver 5 months
in Laquna.  Tris nattorn of damage probably reflects the easier accessibilily to rats of the hasal ends
where nuts 2re attached to the tree. Mo consistent pattern of damage to large (diameters graater than
16 cm), madiu~ (betwoen 1] and 16 cm), or small (1ess than 1) cm) emarged from the 3 studies; all sizes
o7 nuts were foyund damaged. About one-fourth (Kurylas 1974) to one-third (Hoque 1973) of the damaged
nuts susteined suoerfieial injury to the husk, whereas the rast had holes that completely peretrated
the hard <rell.  However, under free-choice situaticns in cages, R. r. mindanensis preferred button-
sized nuts to maturing nuts (Sultan 1978).

escriptions of damage are clearly influenced by a number of factors such a5 relative
a ] Tferent growth stages and their rolative nutritional contents, palatability, tastes,
ard the .. y of other food, only limited interpretaticns of this informaticn are possible, The
date serva sritarily as an indication that rats are opportunistic faragers, adjusting their preferences
in part atiording to availability ef food resources.

RAT ATTIVITY AND PAT DAMAGE

hods, inc]uaing snap-trapping, radio telemet-y, and tracking tites have been used

nat
ivity in coconut groves. Of these, a1l except tracking tiles have received enly

i
our knewledge, Sultar {1978) provided the only report of attempts to follow rivements
conut groves in the Philippincs using radio telemetry,  He equipped a total of 5 R

5 K. exulans, live-trapped at the ground level, with radio transmitters and followed
t0tal 0F 442 h and 292 lecation changes over 1 month.  Sultan (1978) also usad snap

‘ Lo tree Lrunks near the crowns, in part to monitor ral activity. In anothar study

(Radent Baseirqs Center 1976), bait containing tetracycline was piaced in tree crowns in ] plot and at
ground lese” dr ancther plot, Lo mark rats. By subsecuently Lrapsing rals at the crown and ground levels,
and by abeaey 5 the presence of Letracyciine on capt.rod rets. a measure of mavemont betiveen ground

and Criun Tzie's was obtainad,

N
'

Sle fiast et oal. V076) has proven, ery e be a parlicularly usefy) teatl for
itactivity in coconut plantari I rost studies (Rodont Research Ceator 1975,
ch Center 1977, Cligs 10 3, Peiding2r and Libay 1952), 24-5n tracking tites/ha

ses of palms, eithar selactad at random or systeratically, for 2 censeculive nights
Ber of tiles wilh rodent * cks was recorded,  Posylts were reported as the 3-night
sEotiles that wore Lracked,

2
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In 13 plots not treated for rat control, but monitored for trecking tiles for 1 to 24 months, maan
indices of activity have ranged from 19 to 76% of the tiles merred.  The specific relationships betweon
rat’activity in these plots and rat damage, as determined by numbers of fallen, rat-dainaged nuts, nas

been carefully assessed. W suspect, however, that such associations would be wezk for several
s0ns.  First, measuraments of rat activity were made at ground lavel, whereas rat damage (in mature
ves) occurs in the tree crovwns.  Second, some rats apparently cause more daimage than others (WiNliams
T4b), and some rats active at ground level apparently never clirh trecs. Third, counts of fallen,
rei-damaged nuts may represent only a small portion of damage ceused by rats in the free crowns in the
?~ilippines (Reidinger and Libay 1980), and relationships between counts of fallen nuts and other forms
¢ damage are currently uaknown. Thus, a count of fallen, rat-damaged nuts ray, 1 itself, represent

an inadequate measure of damage-related activities of the rats.

Others have also noted that the relationship between rat activity and rat damage is rnot always a
<l:ar one. Fer example, bot™ Hoque (1973) and Vodzicki {1969) found extensive rat damage in groves
with Tittle rat activity, based on trapping date. Sultan (1973) found that trap sucecess was poorly
rzlated to measuremencs of rat activity using tracking tiles, and similar observations have been made
T Philippine ricefields (Nest et al. 1976). Monetheless, relative changes in percentages of marked
tracking tiles have been sensitive enough to provide relizble and interpretable measures of gross impacts
Cnorat activity within coconut groves, such as effective control practices and seesonal fluctuations due
te clinate or zbrupt changes in adjacent croplands (Re:!dinger and Libay 1980, Bruggers 1979, 1980).

The most ceommon assessment of rat damage to coconut involves tha number of fallen, rat-damaged ruts,
Aithough this practice has been incorporated into most of the studies conducted in the Philippines,
actual measurements of yield (in treated and reference plots) may provide a pore reliable measure of
thz effectiveness of a given centra) practice. Reidinger and Libay (1930), for example, recorded 123
fellen nuts with obvious signs cf rat damage in 2 treated plots (1 ha each) during 2 years of study,

95% of which were counted during the first 2 months after treatient. In contrast, 593 fallen nuts vere
ccunted in reference plets. The difference represented only about 4.5 to 5.8% of the estimated increases
in yiela, based on actual accounts of nut production, cue to effective rat contrel. Reidinger and Libay
(1220) suygested that rats in the experimental plots caused far more demage than would have beea
razognized by measuring only damajed nuts, and suggested that actual losses to rats in the Philippires
and perhaps in other countries, may be much greater than is oresently realized. Results from other
st.dies conducted in the Philippines have been consistent with this observation.

Acditional studies are required to further describe the extent and nature of rat damage to coconuts;
anc until such information is available, it appears prudent to base economic benefits of rat contro)
prictices on actual measurements of yield, and to use measuraments of fallen, rat-damaged nuts primerily
23 2 rolative index for manitoring the progress of the control aporaach.

ron studies daseribed abgve suggest sevaral features of rat activity important for control,
en the results of radio telemotry by Sulta, (1974), it appeared that R. r. mindanensis
targer hore ravges et the ground level (m2an of 963 1) than did R. exulans (81T m2)7 rs
was recorced for either species in his study. The sizas of home tanges for these species
iffersnces nichs t expected in the degree to which cach encounters sparsely distributed
second, Lased on oresulis from Lhe tetracycling bait study (Rodent fesearch Center 1675
@ove frem Lthe greund Lo Llie ergwn Tevel ol the coconut grove, supporting the

v 15 nat @ opest species in cocanut groves even though it is sometimes cresent
boooinconorast, all R. r. mindanensis and R. exulans cullected in the tree
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3 in roconut groves in Mindoro Oriental. Fifty bait points were establishe:

1272 2.0 Muvenent of rar

For b oweer in crowns (Flet Ly or oon Whe ground (Plot B) and stocroed with ricestetracycline bait.

St requent snap-trapping was conducted at locution: reversed from Lait placement and rals were oxamined
‘o avidence of bait consuinpiion.

Rattys rattus mindanensis R. exulans R. areentiventer
Trazped Marked Trapned Marked Trapped  Marked
(n) () {n) () (n) ()
2195 A
croun-baitad, ’
sround-trapped a3 65 13 77 1 0
2ot B
sround-haited,
Crawn-trapned 7 100 4 100 . 0 0

T e e e e i e - - — e S —— ———— e e e

Bvazificd from Fodent Reseerch Center 1576,
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crewas had been previously marked by bait located at the ground level, and some of each collected at

the greound Tevel had boen previously marked by hait placed at the crown joyn]. Third, also in the study
utilizing tetracycline bait, nearly twice as much bait was teken frow groend <tetions as from those
placed in trees. We interpreted thege results as confirming that the perulation of rats feeding in

Lree crowns represents only a fraction of that feeding on the ground. Thus, baiting in crowns would e
expected to result in more specific control of damaqing animals and to require less bait material for
the same deqree ol control.

Feurth, the studies indicated that changes in rat activity within coconut groves were somotimes
influenced by changes in adjacent habitat. For example, Reidinger and Libay (1920) obse,ved increased
rat activity when nearby fields of sweet potatoes an' ric: were harvested, In mare recent studies
conducted by the first author and other scientists al the Hational Crop Protection Center (Bruggers
1972, 1980), incraased rat activity was observed within experimental plots located in Bagabag, Hueva
Vizcaya and in Calauan, Laguna, shortly after land preparation in adjacent rice or cornfields and
following harvast of these fields. The lowest rat activity occurred during late vegetative and naturing
stages of the adjacent rice crops. Tlus, in situations where coconut qroves are ncar other crops, the
available data suggest a dynainic pattern of movement by rate between the coconut grove and adjacent
croplands. Such movements need to be considered in the evalvation of potential cantrol practices.

CONTROL METHODS

Banding

Hoque (1973) demonstrated that rat dzmage to coconuts could be effectively reduced by banding
individual trees, by kzeping the bands in good repair, and by trinming overlapping fronds. The approach
has been an impractical one in many situations, in part, bacause many greowers are reluctant or unable
to pay for the high initial costs of banding materials and fail to maintain clear groves. Rubio {1980)
estiazted an initial annval cost in labor and matarials for banding trees and trimmaing overlapping
vegelation on ! ha at P714 (1 Philippine peso currently equals about US $0.12), with additional
maintenance cests ¢f PIE6 over the 10-year 1ife of bands. She estimated a 10-year cost:bencfit ratio
for banding to be 1:25. e believe several of Rubio's assumptions may be optimistic, particularty
those relating ta effective band Tife and raintenance costs for clearing vegetation in dense Philippine
piantinos, and tha* aztysl cost:benefit relationships for small arowers would be less favorable.

b}

Grour J-Baiting

v

Althsuch this technique §s not uncomiron in Philippine coconut-growing areas, few studies have been
made to assess its effectiveness. Kurylas {1974) described tha first-year results of an experimnental
projram o 1 ha in Bchal, which was said to be replicated in other arcas. The cost:benafit relationship
ve determined Trem thig report was approximately 1:10, based only on differnncos in fallen, rat-damaxged
nuLs recovered in treated and untreated arcas.

2 study renorted by the Redent Pesearch Center (1978), ground-baiting was conducted in a 5-ha

¢n for 13 munths, then croum-naiting was conducted for the rext 12 months. For aQround-saiting,
oris/ha containing 0.025% warfarin in rice shorts were checked at jeast twice a week and rebaited
wired.  Total costs, including bait, rodenticide, and lahor averaged Pl14.50/ha/month or FE.50/ha/
focuring the last 5 months. Honthly crown-baiting of about 10% of the traes with 200 ¢ of the same
bait material “or thae First 4 months, and 100 g of the bait material for the remaining 8 nonths resulted
in total costs of only P&.70/ha/month. During the period of troatment at Jround level, a total of 443
kg of bait was used (about 6 kg/ha/month); 83.6 kq or about 1.5 kg/hasmonth ware used during crown-
t
i

beiting. As in the Rurylas (1974) study, camaged nut fall declined slowly durirg ground-haiting,
initiaily requiring 5 ponths to drop to 107 of initial levals, then resaining highly variable. Pat
activity, dalermined by tracking tiles, also declined duriny the months o7 bailing but jumped to 167,
19%, and 17X during the cighth, eleventh, and twelfth menth, respeactively, In coniraest, nuabers of
fallen, rat-damaqged ruts romained at or noar zero efter 3 ronths of crown-aiting, Rat activity declined
to zera by the third nonty of-grown-taiting and averagad less than 1% during the ract of the study (no
tiles vers markad in 7 of the |7 nenths whoe crown-baiting vas used). Grevad-baiting resuleed in
increased harvests of about » tises Lhe pretreatsont lavels and cr wn-bailing in harvests about 2.5
tinrs the pretroatoent lovels, Since nut prosuction by tree: ssanned the ? baiting periods, counter-
Salanzed studies would b cesirelle Lo help understand these firdings, No cost:benafit reiationship
has hecn caiculated for “his stedy.  Rubio (1522) estimated the costibenafic relationship for ground-
baiting to be 1:2.46, based an assuncd yield increases of 100%.

froun-Saiti -

Reidinger and Libay {1980} conducted a preliminary study of crown-haiting on Mindoro over 3 years,
based on reports of successiul use of a sinilar eppreach in Colohia (Elias and Velencia G. 1973,
Valencia G, 1%00). In the trial, 100 or 200 q of C.025° warfarin in rice shorts and/or poalished rice
packagen in a niastic bayg was placed vonthly in trecs.  Sines rots apperently nove easily from one treo
to annthor across oy lagping fronds, it appesred wengeessary to bait ever. tree, baiting rate was sat
arbitrarily at the trees, Mithin 4 manths, hurvesled nuts doubled and within 2 manths, fallan,
rat-camzgad nuls had daciined te near zerd level,  Posults after 3 years wera still extremaly faverable
with harvest, a. g 838 nuts/Lreo/month or about 2.8 Liras tha protrestient Tevel, and with an
eatimated cost:t 20

Fit ratio of about 1:20 {Denver Wild)ifn Rescarch Conter Y9775, The amount of bait
used,oset acbitrarily in thig study, averaged ahout 3.6 ka/plot/eanth (102 trees),






of chronic rodenticides that the rats could not casily associate with sickness. Baiting rate also has
an influence on the rapidity with which rat activity and damage are reduced end on how well a rmaintenance
program serforms when rats periodically reinvade from cdjacent hebitats. Baiting ahout 107 of the trees
appears to be & reasonable level to deal adequately with bath sicuations under most conditions, e
conclude that the crowt-baiting approach holds the pstential for highly economical protection of
coconuts from rat damage in the Philippines. The approzch warrants additional studies on such aspects
as regional efficacy and environmental hazard that are prerequisite to its recomrmendation for general
use. It has been pointed out that a difficulty with crown-baiting relates to the mechanics of placing
bait in trees. This is of particular concern in arex, with tall trees in old plantings. We have,
ourselves, encountered these difficulties in the course of research studies. A practical solution ve
have foun: to avoid climbing is to use a long bamboo tole (or 2 lashed together) te place bait pockets
in crowns. In fact, such a system (with a curved kn:fo blade attached to the end of the pole) is
commonly used in scme 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 common ye: in the
Philippines, it is being encouraged, particulariy among small producers. Baiting rate aiso has an
apparent impect on the success of ground-baiting. Inzreased density of bait points would probably help
speed the stow declines in rat activity and damage feund in several studies. Possibly a combination of
ground-and-crown baiting, much like the trapping experiment of Sultan (1578), would help improve the
efficiency of maintenance programs in intercrop situations.

Finally, aithough we hava guoted cost:benefit ratios based on changes in nut fz211 or in production
increases 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 estinated by demaged nut fall observed by us and others
are not y=t understeod. 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 that
preduction aiight stabilize at lower levels after several years of effective rat control.
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