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by
 

Lyn,ood A. Fiedler
 
W.ildlife Biologist, D,,vover Wildlife Research cnte!
 

USDA, APIIIS, ADC
 
Denver, Coloiado, USA 

Rodent3 are small , gnawing mammals that belong to the order 
Rodentia. There are almost 1,700 species, characterized, with few 
exceptions, by two upper and two lower incisors (Nowak and Paradiso, 
1983). Canine teeth or anterior preinolars are absent, leaving a space
 
(diastema) between the incisors and molars. Agroforest damage problems
 
result from the use of these incisors to cut, bite, or gnaw vegetation 
or trees.
 

Much variety exists within the order Rodentia. Size ranges from 
very small (5-7 grams) to very large (more than 50 kg) animals. 
Habitats range from subterranean to arboreal, from swamps to deserts; 
and distribution varies frcim sea level to high mountains. Rodents are 
grouped intr one of three general types - squirrels (Sciuromorph3), rats 
(Myomorpha), and others (Hystricomorpiia). Tile sciuromorphs can be 
arboreal (tree sqdirrels), fossor;l , or terrestrial (ground squirrels) 
as can the myomorphs--the rat-like group which includes all those 
rodents that iesemble t-ypical rats and mice. The third group includes 
a mix of other rodent types, namely porcupines, mole rats, arid cane 
rats. Food habits also vary with some being mostly vegetarian 
(herbivorous), mostly insect-eating (insectivorous), or a combination
 
of several food types (omnivorous).
 

Because of the variety of rodent habitats and habits and their
 
worldwide distribution, there are few forested areas in the world in 
which rodents are not a pest. Forests, nurseries, and plantation crops 
are frequently damaged by one or iiore rodent species. The follo.ing is 
a summary of the agroforest rodent damage and control efforts used in 
Africa, Asia, and Latin Nnerica. 

TYPES OF AGROFOREST RODENT DAMAGE
 

Dimage can occur at any crop stage, from seed to the mature tree
 
or fruit. Specific susceptibility will depend on tile tree and/or
 
rodent species present. A summary of reported rodent damage is given
 
in Table 1.
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Seed consumiption. Seding is a very cost eFfective method used in 
re ore sta ti on proj, cts (9,1Iacio , 1914). Unofortuv ely, losses can be 
very high w;hen seed.eating (gramini ferous) io,cluts Ire present (Prakash 
et al., [ven to pest ,ji- nt ions cause1967 ). low I.-ode rate l t)-tl cal 

siuni fic,.nt lusces since seds a e r- d Ily :yoced to daily fceding
 
over a loiig pecriod of tim;e. ,uokrts t;re yUnerally oppo.-tunistic, and:hen -eeding pr-ovides an abutlo,nt source of foodL, they readily take 
advantage of the situation. Sccds are ve'y nutritious, pioviding ample
protein and carbohydrates at levels usually not found in other plant 
parts. Some rodents may eveni ,-thcr and store seeds in caches for 
later consumption. 

Seed1i_9. dama . Transplanting seedl ings from a nursery to the field 
eliminates seeding losses, provided the nursery is protected frcm rodent 
pests. The method, however, is labor-intensive and costly compared to 
seeding. Expensive seedlings can be damaged In the nursery or field by
 
root cutting (fossorial rod,.nts), stem cutting, plant pulling, or
 
complete consumption of above.ground parts by rodents. If the seedling 
can mature to a sapling stage (up to 10 cm diameter), some tree species 
may avoid further attack by rats. However, many plants or trees are 
most susceptible to damage the first year. One year is a lengthy
 
susceptible period and losses can be severe e,ough to warrant 
repl anti ng.
 

barkin The removal of bark, including the cambium layer, can
 
result in reduced growth, secondary damage (ficngi), lower fruit
 
production, and death, depending on the severity of damage. Debarking
 
can occur at ground level, resulting in girdling of the trunk by

terrestrial rodent pests or at upper levels by arboreal rodenL pests.

When tertiary branches or terminal shoots ire gnawed on, the pulp may
be removed or branches severed by the cutting incisors of rodents.
 

Debarking may be seasonal reflecting a rodent behavioral response

to the environment or a nutritional response by the rodent to a
 
physiological change in the plant. Tree squirrels, porcupines, and a
 
variety of rat-like rodents, both terrestrial and arboreal, are
 
responsible (Kuo and Liao, 1986; Parry, 1952; Rodriquez and lerrera,
 
1984; Ruhm, 1966; Udagawa, 1968).
 

Root di-maue. Fossorial or burrowing rodents attack the tree from
 
underground by girdling, cutting, or completely destroying parts of tile
 
root system. The tree gradually deteriorates, resembling damage caused
 
by other pest or agronomic problems. When burrow openings are readily

visible near damaged trees, rats should be suspected as a cause. When
 
burro-.%;s are not readily observed, digging and inspecting exposed root
 
systems may be necessary to determine if rodents are responsible.
 

Fruit dama e. 'Mature forests usually produce enough seeds, nuts, 
or
 
unharvested fruit that damage (fruit consumption) does not adversely
 
affect the agroforest system. Hlowever, plantation crops grown

specifically to harvest fruit can be significantly damaged (Fiedler et
 
al., 1982; Lenton, 1980). Cacao, coconut, papaya, oil palm, macadamia
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i tS ci .:ws, . J'.i,. - C i'd S e y:vy losers i,'ar rnting

irv ,il:.x:nl.s 1n 1,,it ., tol to 1iii ;,
t ;age. 

Sc-,,I,,r, i A ,..ul t of : ;le h~e 

p(iL SnS ilarly aJj rI via,' 


direct ,am may the invasion of 
, C.. fL' , or viruses. ihis scon dary 

(3:A-. uOIC)Uld be ;..:h 1.-,ie islli-icl ntI IIt S :.0,u1)t I ;;I 
th ,n thle pri alry daiamage caused byt ,irial ly In'roduce thuse pathogoy s as they

rA',vc-se 
,'rom tr(ie to trcee, )ut More t[radi tiOnal routes: such as wind 
or i ects l, re sore probabl e. 

Sunwlary of Iudent ,:2,e eueficial ef,ects of rodents ,Thouldnot be 
Overl ocked Soire rod it pes ts consume pes t i ls ,_'.sand ma' actually
play a role in reiducing insect damage. Some rodents may bury seeds or 
transport ,luits containing seeds to areas favoring germination or

seedling d;velolment. The significant agrofores',/rodent problems,

how.cver, are characterized by losses that 
 far outweigh these potential
beneficial effects. These conflicts usually involve damage to secds

seedlings, or 
young trees, and to fruits of plantation crops (Ganguli

and Kaul , 1962; lkechter-Schulz, 
 1962; Hopf et al., 1976; Sanchez, 1967). 

1.hen previou ly undisturbed areas are opened up for forestation
 
projects or or introducing plantation 
 crops, a "new area" phenomenon 
may occur (N.A.S., 1975). This results ..,hen a more diversified
environment (with low numbers of each rodent species present) is

changed to a siiupler habitat surrounded by a favorable edge

environment. The numbers of 
pest (and nonpest) rodents invariably
increase in response to these changes which produce mere favorable
 
rodent habitat (food and shelter). Tius, porcupines, normally

scattered in !West African forests, will be attracted to a cleared area
 
and damage plantation crops.
 

PROBLEM IDENTIFICAT.ON AND ASSESSHlENT 

The mere presence of a rodent in 
an area being damaged does not

necessarily mean it is responsible. 
 It must be collected, identified,

and verified as a pest or 
capable of damaging the plant in question.

Snap-traps are c,-.',-nonly used to collect specimens. Often, several
 
rodent species will be present in a problem area requir-ing a substantial
 
effort to determine which are 
pests (Rana, 1983). This is important

however, since 
the selection and efficacy of a control method(s) will

depend on proper identification of the 
species and definition of the
 
problem.
 

Relative abundance or activity of a rodent pest species 
can be
 
determined by (1) signs (tracks, 
feces, run'ways, burro,.s, damage or

nests), (2) snap-trapping (percent trap success), 
(3) tracking boards
 
or tiles (percent marked 
or tracked tiles), or (4) bait-censusing

(amount of a knon quantity of bait consumed by rats over a given time
 
period). Abundant infornation used in combination with a damage

assessment will provide justification for 
the degree of control effort
 
that may be required.
 

88 

http:IDENTIFICAT.ON


':!(11 .:n rodet/aru uioes L problcims can be quickly defined a.nd
 
a ., n , but le'-ser ,nu.,n way i equire uh'.taitial Lime and
nd pi utlums 
effort, For ex.:.ple , seedlings clipped at Lhe base resultinn in tontal 
loss for that plnt will be easy to d;mage assess. lo'.ever, damage 
resulting in ,nly raitial l qus or lo ses moified by plant 
CLo I,..._i un W,;ill be .oe ,Q iCUlt io ,S S S . In ,un',,,ti -i.ing 
Cost,. :iuit ca,1 u Lions oF oitrol uforts , as sc _-meH Ls sluwing 
redui~tced roc t Iapu1 i d,onsge -ma incrrased yield (or harvest)and and 
are nerosary to adequately ,dmo'nstrate success or cost, ffectiveness.
 

[.O;t IORING !AND I ORLCAS ,1NG 

Pest rodent populations are subject to cyclical changes brought
about by variability in the availability of basic needs (food, water,
 
and shelter). When these needs are readily available, reproduction is
 
incieased. Immigration by rats from surrounding, less favorable
 
habitats also increases numbers of pest rodents. Rainfall and
 
irrigation provide witer and increased vegetation (shelter and food)
 
that favor increased rat populations. In contrast, dry seasons or 
diroughts result in ,iortality of and emigration by rats, resulting in 
smaller populations ind less damage. 

Seasonal damEge patterns are, therefore, not uncommon and somewhat
 
predictably related to we:ther or availability of susceptible crop
 
stages. An -ppropriAte innnitoring program, for example, could identify
 
more susceptible and less susceptible planting times; or time periods
 
for implementing a p-ophylactic control strategy to reduce predictable

damage. Monitoring in its simplest form would involve periodic
 
estimations of pcst rodent numbers and their damage.
 

CONTROL OR RODENT PEST MANAGEIENT
 

Biological methods. Although predation as a control tool has only a 
V3fit-e effe-t-c-n rodent popula-tl--ns-,--one example resulted in
 
keasurable positive results. By increasing nest boxes of Asian Barn
 
Owls (Tyto alba) in a 1'i3laysian plantation crop, rodent pests and
 
damage to oil palm were reduced (l.enton, 1980) In Alberta, brush
 
piles were added to reclamation sites to establish more weasels, a
 
predator of small mammals (Pauls, 1986). A far more profitable method
 
involves modifyin. h__habitat to favor tree crops and discourage rodent
 
pests. Reducing or removing vegetation decreases cover that rats use
 
to avoid predation and as an alternative food source. Plowing,
 
cutting or burning 'weeds' also reduces competition and possibly other
 
pest problems such as insect damage to tree crops. Using resistant
 

are less susceptible to rodent damage-is--a-­tree varieties which 

possible control technique but not yet a reality. This is primarily
 
due to economic or marketing factors which override decisions to
 
manipulate tree selection to reduce damage (N.A.S, 1975; Udagawa,
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l ,18). li e (J C-th1 , _r7o d of k'1 n 5sis i,',;t Val i:Lics is S *,ply to1 .. g. 

PhIysical ,:,etheds Fop:.lar, but laborious and gencerally ,ot e ffective 
(,es.rhies -.ost phys ical .ct!,ods for rit coitrol l)i. ,;(,! or flooding 
1,.uiio,. s to liit.ch ats is done ;,'i outirhoit tihe vOrld. TI,. Jng h ii,ny 
di fci-nt Iinds of trd ps.--some faii Iiar, others locally 
constructed -­a I so occurs orl d1ide. Rat drives , using lies of hu:ians 
or simply burning vegetation, are used to cipture tercs,trial I odelit 
pests. Parriers constructed from natural or syiithetic i:at,.erials are 
desi ied to pLecut 4,ccuss to individual tre's (baInding) or small 
yrO'rlS of trees (excl osures in nurseries) The use of p1 as tic Iesh 
cylinders (trade naimie Vexar) has protected seedlings from rodent damage 
in Al berta (Pauls , 1936) and the v;estern U.S. (Anthony et al . , 1978).
Hlow.ever, ait Lempts in the Phil ippines to reduce rodent damage to 
ipil --ipil seedlings with the cyl inder ,.;ere unsuccessful (Fiedler et 
al., 1982). Shooting, particularly tree squirrels, is another method 
used. It prohab lyhas ciore s port value than cost-effectiveness. 

Chemical methods. Acute toxican's, or rodentic ides that kill after a 
singTe ingestion of a lethal dose of treated bait, have involved almost 
exclusively the use of zinc phosphide. Good availability and low cost, 
plus a familiarit v due to decades of use throughout the world, are 
pr-imary reasons for its popularity. Quick action of the toxicant 
produces i~mediate, noticeable results in visibly dead or dying rats. 
Occasionally, reports of hazardous misuses of acute toxicants, such as 
endrin mixed in a paste and applied to tree trurks , are made. These 
kinds of dramatic attempts are not only dangerous to humans and other 
nontarget species, but their efficacy has yet to be experimentally 
demonstrated. Their use should not be encouraged.
 

Chronic toxicdnts, or rodenticides that require several consecutive 
feedings of treated bait, have almost exclusively involved warfarin. 
Warfarin is more available than other chronic anticoagulants and 
probably more familiar to users because of about three decades of 
worldwide use. A variety of other chronic anticoagulant rodenticides 
and, more recently, second-generation anticoagulants, which require 
only a single feeding to cause death in 6-8 days, have been 
occasionally available. 

Fumi gants, chemical products designed to introduce toxic gases into 
rodent burrows, have rarely been used in agroforest systems. Calcium 
cyanide, aluminum phosphide, and phosphorous (alone or in combination 
with other flammable, toxic, gas-forming substances) have been 
popularly used elsewhere, but usually not in tree crops. 
Cost-effectiveness in tree crops is most likely not good, but this 
needs to be demonstrated.
 

Repellents have been used to protect seeds, seedlings, and saplings 
in developed, temperate countries (Besser and Welch, 1959; Martell, 
1935; Peters, 1974), hut not in developing countries of the tropics. A 
good seed protector chemical should reduce rodent conmription by 80 
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i',:C be mically s ,ble, hionl. .ytutoxic and inexpensive, and have 
low toxi(:ity and an a-dequate warin of envii o m ntal safety (Kverno, 
15W54). An added benefit u:ould iinclude effectivLn;ss against pathogens 
,and insect pests, 

... ry of , ol ;... .. s. Ro)L Lt PSt cUntrol in tcopi,:al or 
i.btyoplical agrofoyest systcms traditioinally has inivolved chemlical 
baiting, using zinc phosphide mixed with a locally available grain 
bait. To a 1.sser extent, w'arfarin, also mixed in grain or a 
no;A..,rcial 'ax-block o;'o lation, has bcen used. For p.or climbing
rodent pests, bar, ers or Fences limiting access to nursery plants have 
been used. Wire.esh or metal shcets have been installed when climbing 
roduLnt pests were present. To my knowledge, none of these techniques
Lave been fully evaluated in order to determine cost-.effectiveness in 
nontcmiperate-zone tree crop situations. 

DISCUSSION
 

With few exceptions, rodent damage and control in tropical 
ag-oforest systems has not been well defined. For a given problnm
si:uation, it very well may be necessary to describe and quantify the 
damage or loss and to identify the damaging rodent species. Provided 
local expertise is not available, technical assistance may be necessary
 
to assist local counterparts in carrying out these important initial 
steps. Seasonal damage patterns and susceptible crop stages of affected 
plnts, if recognized, will be extremely helpful in developing a 
management strategy. Damage assessments that directly measure such 
adverse effects (i.e., percent lost seed or cut seedlings; dead saplings 
or debarked saplirgs per hectare; or other quantities that can be
 
converted into economic loss estimates) are useful. When partial damage 
occurs, a new damage assessment technique may need to be researched and 
developed in order to estimate monetary losses. 

Identifying the rodent species can be accomplished by trap
collections (snap-trap) and study skins, being alert to the fact that 
some pest species are diurnal and require daytime trap setting.
Population density estimates and reproductive activity (percent 
pregnant females) could be estimated from trap lines or grids set in 
p:oblem areas. Stomach collections preserved-in alcohol or formalin 
could provide additional information to confirm a damaging species and 
its food habits.
 

Preliminary contrLol trials comparing one or more potential or known 
methods against untreated plots should be completed prior to 
recommending any large-scale control efforts. 
 For lesser understood
 
problem situations, a period of research activity may be necessary to
 
determine potential control methods. This may be difficult enough to 
require technical assistance or support.
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Finally, a onitoring progra:m desi:;ed to anticilpite ,csonal 1waks 

or cyclical outbraks could provide the lrad time n:cessary to 
years of suchimplcment effective control efforts. After several 

experience itmay even be possible to establish an rcoumic thi eshold 

value (number of .ats/ha, POMccnt fu:males pr.gnant, damaged Lrwes/ha, 
would tri,c r pmo: hyl:acticor a cumbi nation of th:se indic, Wi s) tLit 

control efforts to begin. Si.;ly w.aiting for signi Ficant aige to 

occur, then baiting, ,nally iesults in ineffective cuntiol efforts 

that waste time and money. 

Rodent control p ouyams are a significant part of com;ercial forest 

production programsl--mos tl y in developed countries. This is because 
by rodents are recognized andthe potential economic losses caused 

effective control programs implemented to limit these losses. 
that provide fuel andReforestation projects and vital plantation crops 

no less important in Tlird orld countries.food, respectively, are 
should not he neglected at the expenseThus, rodent/agro forest problems 

of economic developluent. 
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Table I. A Summrary 

P' ant 

p' 

Cacao 


Cassia siamea 

Havea sp.. rubber) 

4.I'us caribbea 

Cuoressus 	lndleyi 


'; ?)-2ss 	 trees 

. a ran!,,s <es iya 
?,ocarp
 

of World 	 Forestry and 

Country 

.mereon 

N.igeria 

.est Cameroon 

S era .ecne 


Sierra Leone 

Sierra Lecne 


Sierra Leone 


Malawd
 

Zam bi4a 

Plantation Crop Rodent Damage 

Species 

WEST AFRICA
 

Tatera kemoi Thryonomysswvi nderianus, ?raomys 
t nataensTs, 


D2symnys incM tus 

Lemn scomys striatus, 


. ; O:; : S Kd puS 1 
02-omys 	hypoxan-hus
 

Squirrels (Funisciurus 


aneryt'nrus 
ard Helliosciurus
a., an,,s j" 	 7
aami -, . swinderianus 

orahu-us huet', Cricetomys
 
ga~mianus, Stochomys

,ofnlccaudatus, r-ammomys
r'-'tilans, Pramys tullbergi 

Thryonomys sp. 

Thryonomys sp., 

P. -Jj i 

Ground squirrel 

CENTRAL AFRICA
 

Damage 


1-3 year 	 seedlings;
apicai bud consumed; 
ripenine 	 fruit: worse 
near boundaries with 
bush 

Seedlings, pods 

Seedlings 

Saplings 	 debarked; 

germinating seeds 

Seedlings uprooted 


ring-barking 
Nurseries 

Control
 

.ire collars; Zn?
 
painted ; ting 
Zn?
 
& warfar-Tn or warfar-n 
wax lock 

-

INarfarin 	 and copper 

f n ic d 

Fence of 	palm fronds 

and sticks
 

Fencinn; 	 clearing 

bush
 

Fencing with palm fron" 

Clearing 	undergrowth 

Warfarin 	 bait 



Table 1 - Continued.
 

Plant 


Olive, almond, pistachio 


Dates 


Coniferous plantations 

Apple trees 


Paw paws 


Gmelina aborea 


Cypress and pine 


Coffee, tea, enset 


Country 


Tunisia, 

Morocco 


.gypt 


South of Zambezi 
River 

Zimbabwe 

Zimbabwe 

Uganda 


Uganda 


Tanzania 


Kenya 


Ethiopia, 


Kenya
 

Speies 

NORTH -.AF:CA 

lleriones shawi 


jaculus orientaiis 

T. swinderianus, Rhaa ,mys 
-um iio, Otomys rroratus, 

0. laminatus 

Cryptomys hottentotus 


Hystrix sp. 


EAST AFRICA
 

Xerus erythropus 


Otomys spp., Lophuromys spp. 

Thryonomys spp., 

Criceto mys spp. 


R. pumiiio, 'ophuromys sp., 

I. swiOZSrIanus, 
OenomyS- hypoxanthus
 

Tachvor'lctes S e-. e s 


Damage 

Delarbin; ro3t 
dama e 


,A.
 

Ring-barkingar n g.at; 
<3-year-o,d trees 

Root dzmage; .m.der­

ground girdl in
 

0% y ung stems 


chewed
 

Nursery seeds 

"0-2C,% damage of 

young trees ring-
barked 

Ring-barking, cti g 

roots
 

Debarking 


RoC t Cm,ace 


e , 
o S 

- -. ?s 

rooera, ccdes 

.a' C.e,­
b.sl.; traping
 

Spri., traps
 

Nc..e
 

Ssci;g;So g h-e.;.; 

PrUin I 

ar ain )aA;
 

S iat'ion
 

"
-- C., r3-'.s
 



__ 

Table - Continued.
 

Plant 


Forest trees, seee :cs 


Shrubs and trees 


Euphorbia caducifo7ia,
Ca.tr -*s de :'._ 
...... r - ,a77T-


A c a c i a s e n e c a 7 


II.o 5 s.a- sE
Cer"miDK}'ra vci -i
 

.SaIvacera deo-,'des
 

Al bizia leb'2k 


Proso's cineraria 


?''a ter+'s 


. : 


Country 


-ancades' 


india 


ndia 


:aa,aysia 


Species 


SOUTH AS!A
 

Canromys badius 

Yeriones hurrianae 


Rattus cutchicus,

Hus cervicolor 


V,.hurrianae.. 

Tatera indica
 

Gerbilus gleadowi, 

:c. 	 hurrianae 

rS. 	 cGieadowi T. indica, 

nurrianae 


SOUTHEAST ASIA
 

Rattus tiomanicus, 


R. raztu s . arqentiventer 
u s. ad-T--i-I 

R xulans 

Callosciurus notatus, 

C. 	canices 


Hystrix brachvura, 


Trychis lipura7-occasional)
 

Damaoe 


Seeds
 

-
Flowers 


S a p ing s
 

Saplings
 

Debarking
 

Debarking
 

Debarking;
 

sap! ,s cut
compl etely
 

Maturing fruit 


laturing fruit 


Seedling
 

Contro.
 

d-nP baiting, aluminum 
i 
-


Warfarin wax 
blocks;
 
warfarin bait; 
ZnP
 
bait; endrin paste;
 
wire netting
 

Shooting and bount.s.
;
 
border brush re!"ova"
 



Table 1 - Continued.
 

Piant 


Rubber 


Coconut 


Leucaena leucocephala 

(Ipil-ipil 


Pinus kesiya 

Benguet pine) 


Cacao 


Acanthocephalus chinesis 


Pinus spp. and 

.ThTe-;enia macrophylla 


A athis macro hylla 


Kauri pine)
 
Gonystilus hancanus
 
(ramin)"
 
Shorea mucrophylla
 
TITTipenutj
 

Country 


Malaysia 


Philippines 


Tha iiand 


,"alaysia 


Philippines 


PhiIippines 

PiiieedontSe
 

MaIaysia 


Malaysia 


Malaysia 


Malaysia 


Species 
 Dama ge 


SOUTHEAST ASIA ­ continued
 

Hystrix sp. 
 Seding 


Rattus rattus mindanensis, mmature nuts 

R. exuians 


R. rattus, R. exu-ans 
 immature nuts 


C. notatus, Lariscus 
 immature nuts 

T.0 ns
insl 


R. r. irdanensis, Seelings cut;.
 

. ex11ans ,R. arScn 
 ve;ter saplings debarkec
 

Field rodents 
 Seeds 


Callosciurus prevosti , iiaturing pods 

Sundasciurus hippJrus, 


Rattus muierI
 

Rattus rattus jalorensis Seediing, 


Mice 
 Seeds 


Rattus sp. 
 Nursery seeds
 

.
 

T& in,; 3iso.,
 

iar. cUt vtc.o;
 
tr1&4ing; baiting;
 
baniding
 

-ca- esx Cs 0­

c.em,..a o;ba 

-s ..t. 

-


r C. s'oc g 
so.e 0tir, 

rsr, ,e
 

-.. series--wre mes,.
 
.... in
-"
 

a'zing
 



Table 1 - Continued. 

Plant Country Species Damage Control 

Coffea robusta 
.c. ee)" ? . es 

SOUTHEAST ASIA -

Ra tus everetti 

continued 

Branches cut, 
stripped, or girdled 
during flov'aring 
period 

Baiting, 

warfarin 

0.025-, 

in rice 

OCEANIA 

Cacao 

?ine trees 

o.st islands 

.2anesia, _ -
.. , . 

Society Ts'anes 

. 

Rattus rattus, 

'uas 

___ 

R. rattus, R. exulans 
R. rattus 

Immature nuts 

Maturing pods 

Stems attacked "-

Banding; warfarin or 

zinc phcsph1ide baiting; 
brush removal 

Baiting 

Baiting 

[<:se trees 
R. exulans (?) 

young plantations 

c .. 
' e. 

.. a. Aust..a'a 
AUSTRALIA AND 

Rattus culmorum, 
fuscipes 

.-I.!ZEALAND 

Root bark of trees 
<8 years chewed 

Baiting 

Coconut 

Cacao 

Cofee 

WEST INDIES 
Jamaica, St. Lucia Rattus rattus 

.rnidad Squirrels and rats 

Dominica, R. rattus 

Dominican Republic,­
2amaica, St. Lucia 

Cominican Reoublic --

Maturing nuts 

Maturing nuts 

Maturing pods 

Beans (or berries) 

Banding; baiting 

Hunting; shooting 

Baiting 

__ 



Table 1 - Continued. 

Plant Country Species cmae Control 

LATIN AMiERT.A 
Oil palm Brazil Field rats Stem o- young -a,s or 

Peru PKurids Stem of young p-ats 3airin ; met, exc hs&. 
Rubber Brazil Dasyprocta .jcti. 

Cuniculus paca 
Bark of younc seed-
iings and buddings 

, e 

Mexico Geomys mexica-us Roots 

R. rattus 

Cacao Brazil __ 

Coffee Hexico 

inga (shade tree) Mexico 

Pinus radiata Chile Octodon bridgesi Young trees 

Araucaria angustifolia Brazil Agouti sp., Sciurus sp., Seeds __ 
Rattus sp. 

ATLANT;:C 
Wild guava Ascension island R. rattus _ruit (no CdNOt a 

Papaya, guava, peach, 
plum, wild olive, and 

Acacia spp. 

St. Helena R. rattus, 
.R.norveicus 

economic loss, 

Rocts and -rC'. 
tips of Acazc. spp. 

Apples, peaches, plums Tristan da Cunha R. rattus, ,s muscus (?) Fruit aiting 



Table 1 - Continued. 

Plant Coun try Species Damage Con trol 

ar'x ".L~eptoe)'s 
. ,:pzneseeI 

a an 

-

FAR EAST 
2ethrionomys rufocanus,~ 
-,crotus montebel i, 

Debarking young treesDebakin youn tre 
(<!o years) 

Zn? bait ozpba 

-othenomys smithi 
? nus dens; flora 

pyp-ome r z-a :,>n ca 
cedar) 

rCytmeria _fa-orica 
apan se ceFT ) 

Taiwan Caliosciurus erythaeus Debark ino Chemical Poisoning­
weeding; 

thinning 
UNITED 

STATES 
orestry USA ?iymys pinetorum, Sciurus Gird.ing of trunk Trapping; habitat 

S ca'ro incns s, and roots of seed-cmodon hspi ds, ias lings and mature 
s'-."ut~s, Castor trees 

aIteratien. .ai .reoe' ent 

canadensis, 'iyocastor coypus 
Geomys bursar-i us 

ree n-'rser'es ,orway,
2ri' n 

EUROPE 
Microtus acrestis,Ca,,ethrionomys lareolus, Browsinc and Trappingbark-strippingra p n 

i 
jt g 

enmar'.< Rattus norveoicus 

fNorway, 
Sweden 

. agrestis, I!.savi, 
r 

Girdling of stems Baitio- trapping; 
f . 

C. .iareo us 
;taly Sciurus vulgaris, Myoxus Debarking Baitina 

(G is ) Baiin 



Iadie I - Lontinued.
 

P1 ant 
 Country 
 Species 
 Damage 
 ControI
 

EUROPE - continued
Beech and sycamore Britain 
 S. carolinensis, 
 Bark-stripping 
 T-apping 
S. vu!lnaris
 

Sources: Ber.-ard, 1977; Dalmacio, 1974; Fiedler, ]c85; Fied, eea]., et a, , 82(a rb"; Hoque aic Garr-is, 981976; Kuo and Liao, 1986; ;iuller and acedo, 1980; Rodriguez and Herrera, 1984; Rana, 1983; 
; Hopf et
 

Ruhm, 1966; Santini, 
L. A., 1986; Udagawa, 1968. 


