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I. Introduction

The carly Latin American explorers and natnradists were the first
observers to Tactnally report vampire bat predation on humans and
livestock (Villa-R., 1966G; Consiantine, 19700 The viunpire was es-
tablished as the vector following the widespread outhreak of rabies
in southern Brazil in the carly 1900°s (Carini, 19110 Haupt and
Rehaag, 1921 Queiroz-Lima, 19340 Pawan, 19360 Estimates of cattle
deaths Tfrom vampire bat-transmitted rabies in Latin America are
urossly inadeqguate sinee the vast majorin ol cires are unreported,
However, recent reports place anunal mortolity at 1=2 million an-
imals. with a value from 80000000 10 250,000,000 dolhars (Aclia,
1967. 1968: Steele, 1966, 1909 Milaga-Alba, 1959). Fquine Tosses
are signiticant in certain areas (Valdés-Ormelas and Atristain Aran-
alde, 1969 and vampire bats also transmit copiine trypanosoniasis to
horses and mules (Do, 1932; Clark and D, 19330 o addition,
blood loss in the bitten animals, the subseqrent secondary infection
of wounds. or their invasion by serewworm Lvae, as well as the

220



223 Samuel B, Linhart

human rabies, aspeets, all contribute to the seriousness ob the
pml)lvm‘((ervnhull, 1964 Constantine, 1970: Valdes-Ornelas and
Atristin Aranalde, 1964 Nehaul, 1055, 1962: Malaga-Alba, 1962,
Achi 1967). The Fifth Report of the World Health Organization Iox-
pert Commiittee on Rabies (1966), concluded that vimpire bal-trans-
mitted rabies is a major obstacle to the expansion of the livestock in-
dustry in Latin America

Although organiz d vinupire Quytr‘n.l etforts hedan as carly as 1934
in Prinidad (Greenhall, 19650, Ml‘-(‘ﬁl"all"(_"l.l has  traditionally been
directed toward the development ()T effective cattle vaceine s, How-
ever, vampire bat reduction, as well as cattie vaccination, s needed
to alleviate the problem. A mumber of only partially cflective redue-
tion technigues are currently employed. but not until very recently
wis well-fimded. sestaived research by trained hiologists under-
tiken to develop truly effective and cconomical control methods. A
prereqaisite to this objective 1s more adequaie knowledge of the
biology of the vaampire bat and exploit dion ol its ceological, hebav-
ioral, or physiological “weak links.™

I1. Biology of the Vampire Bat

Villa-R. (1966). Wimsatt (1970), Ruiz-Martinez (1963), and others
have partially simmarized what is known about the biology, of the
vanmpire bat, but as vet no one monograph or single reference source
has dealt with all aspects of their physiology, hehavior, ecology. con-
trol, and discase relationships. 1 recently compiled a partial hibliog-
raphy of the vanpire bat literature with soiie 626 references (Lin-
art, 1971, While a certain number of these references contain data
on the morphology, phvsiology, and distribution of viampires (pri-
marily Desmodus). there is a paucity of quantitative datia concerning
their behavior and ecology under natiral conditions, Very little is
known of their social structure. behavior, movement, population
dyiaics, and interspecific relationships, nor are techmiques avail-
able for determining their relative or actual abundance. Movement,
bused on trapping. bandiag and recovery, a technique nsed exten-
sively to study the activity of other bat species, has received little or
no attention in the family Desmodontidace.

The vimpire hats appear to he closely related to the Phyllostoma-
tidae (Forman et «l.. 1968) and include three genera, cach containing
but a single species: Desmodus rotundus. Diaentus youngi, and
Diphylla ccavdata. Desmodus is the most common and widespread
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Fig. 1. The commuon vampire bat tDesmaodus rotundusy «Conrtesy of U S Fishand
Wildlife Service, Department of the Foterior

of the three and nearly all the vampire Titerature deals with this
species (Fig, 1. Itis a moderate sized bat with highly madified teeth
for its specialized feeding habits, Walker (196-0 gives the following
measurements for adult Desmodus: length of head and body, 73-90
mm: no ail: length of forearm, 30-63 mm: weight ol adults, 15-50 ¢.

Desmodus is found from northern Argentina to tropical Mexico
(Walker, 1964) and while it normally inhabits tropical and sub-
tropicil regions, it has been collected in the Colombian Andes at an
clevation of 2594w ¢Tamsitt and Valdivieso, 19620 Reddell (1968)
reported collecting o single Diphylla near Comstock. Val Verde
County. in southwestern Texas, a locadity considerably north of its
previously reported range. Cockerell (19300 reported the remains of
an extinet race of Desmodns from the Tevlingua region of Texas, and
Gui (1959) and Olsen (1960) have reported the occurrence ol pleis-
tocene Desmodus from Floridi Fossil remains have also heen found
in Cuba (Koopman, 1938). Several workers (Walker, 1964 Miilaga-
Alba. 1966: Greenhall, 1969, 197000 sugeest that sampires have in-
creased their numbers and range, concurrent with the introduction of
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domestic animals and the subsequent growth of the livestock in-
dustry in the New World, There are no data on vampire bat densities
in relation to available food and habitat. Their mobility, secretive
hahits, and the fact that they are most often found in relatively small
colonies. make it difficnlt to adapt or modify census techniques enr-
rently used Tor ather manmmalian or avian species,

The average size ol a Desmodus enlony is probably about 100,
while on rire occasions as many as 2000 individuals may share the
came ronst (Fig 20, Crespo et al. (196 1) reported finding Desmodus
matles and femades segregated within die same roost, although it is
more common to find vampires ol different sexes and ages sharing
the same niche, In view of the vampires” food requiirements it is casy
to see why dispersal throughout an arcacis necessary, othernvise ex-
cossive population densities might canse the death of the prey
species through debilitating blood loss alone, Tn any event, it seems

Fig. 2. A smadl roost o connon vampive hats. (Conrtesy ol UL S, Fish and Wildlife
Service, Departinent of the Tuterior)
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certain that availability of a food source, climatic requirements, and
the presence of suitable roosting sites are the major factors lmiting
the abnndance and distribution of the vinnpire.

Malaga-Alha (19660, Ruiz-Martines (1963), and de Vertenil and
Urich (1936) indicate that vampire densitios are greatly reduced fol-
lowing rabies epizootics, their numbers returning to former levels
after 2—4 vears Quantitative data are needed to hetter understand
discase/vector density interrelationships.

Vaimpires utilize a variety of reosting sites bhut caves or abandoned
mines, at least in Mexico, appear to he preferred. Their reloges can
be identified by the presence of black, tarey poecls or deposits of
excrement beneath their roosts, Inomany arcas . apires may he
found living in hollow trees, culverts, abandoned man-made stroe-
tures or dwellings, aqueducts, or other dark, undisturbed sites where
their rather specific microclimate requirerients are met. A study by
Lyman and Wimsatt (19661 indicates that thermoregulation in Des-
modus is extremely poor and restricts theiv geographic distribution,
Villa-R. (1966) and Crespo et ¢l (19610 point eut that as long as warm
and relatively limid roosting sitcs are present vampires can survis e
where ambient winter temperatures fall as low an 0°C

Ruschi (1952) mentions scasonal movement of Desmodis between
summer and winter roosts, and T have observed similar scasonal
moverent in the state of Morelos, Mexico, at the upper exireme of
their altitudinal range. Winsatt (1969 and Villa-R. (1966), hasing
their conclusions on copture, banding, and  recovery studies in
Mexico, found that individaal Desmodies Shift from roost to roost on o
daily or opportimistic basis, even though the size ol the colony
within i given roost mav remain constant. Burns and Flores Crespo
(1975) compare the estent of Desmaodus interchanee hetween roosts
at varving distances apart,. Winsatt (19690 found “repopulation ol
another roost during biweekly intervads following two snccessive
removals of almost @'l bats.” Our unpublished stodies in Mexico
suggest that the rapidity and extent ol repopualation Tollowing re-
moval of the original colony varies wecording to geographic Tocation,
a dis probably dependent on the number of optimal and suboptimal
roosting sites in the area. Repopulation rates obviously have impor-
tant implications with respect to sampire bat control,

Several workers mention the foreging ranee of Desmodus. Johnson
{(1948) states that the vampire ordinarily feeds within 10 ki of its
ronst. Courter (1954) reports that they usually live within a mile of
their preyvs while Malaga-Alba (1954) indicates that feeding activity
occeurs within a radius of 15-20 kin of their refuges. According to
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Dalquest (1955), vamuires may return to their roost engorged with
blood within 30 mia, while Wimsatt (1969), based on capture,
handing, and recapture at the roost, found that ihe average time
spent foraging was about 2 hours. Greenhall (1970h) mentions that
vinnpires may stop to rest at “digesting places™ before returning to
dinrnal roosts. Ruschi's (1952) interesting studies in Brazil provide
additional movement data. Roosting Desmodus were marked with a
Huorescent marker and were found to forage as far as 12-16 ki dis-
tant from the roost, returning 3-8 hours later. Captured vampires
which were marked and released 12=120 km from the roost returned
2-4 hours later tthe same night). At distances over 126 km, some re-
turned after two nights, Cn the basis of such studies, Ruschi states
that they are capable of flying about 535 kin/honr,

Heavy rinfall may reduce foraging activities, and moonlight influ-
ences vampire activity, the bats preferring to forage when moonlight
is minimal or liesing (Villa-R., 1966; Wimsatt, 1969: Flores Crespo
et al.. 1972,

Wimsatt (1950 and Wimsatt and Trapido (1952} have studied the
histology of reproduction in Desmodus. They report that Desmodus
hreeds thronghout the yvear and bears but acsingle yvoung, Females
mity breed twice a vear and gestation s probably more than 5
mounths. In Mexico, T have seen gravid females and females with
voung present in roosts thronghout the year, but in certain parts of
that country gravid females scem more abundant during the carly
spring months. Milaga-Alba (1954) reports that newhorn bats appear
to be more numerous in April and September. Burns and Flores
Crespo (1973) provide information on the pereent of females gravid
and giving hirth, and the pereent of males with serotal testes in
roosts located near Colima, Mexico. Their data adso support the con-
cept of scasonal breeding under certain ecological conditions. Twins
Gin Desmodusy have been reported by Burns (19700, although they
are probably rare. Burns (1972) has also presented data on the growth
and  dentition of known-age juvenile Desmodus, the period ol
nursing, and the age of sexual maturity,

Trapido (1946) veported o captive Desmodus that Tived for 12 years
and G months. Mean lite eapectaney and population turnover in free-
living vampires has only recently been reported in the literatare, 1
obtained age distribution data from a colony of §9 Desmodus taken in
southern Mexico, Their age was estimated by counting the number

“of anmuli present in their tooth cementum (Klevezal” and Kleinberg,
1967). The mean age in this colony was about 2.6 years, with the
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oldest individual G female) being 13-4 vears of age (Linhart, 197:3).
The low reproductive potential of Desnodus. in addition to a rather
long life expectaney, sngzest that repopuliation would oceur mthier
slowly following rabies epizootics or effective control.

Sight and olfaction are well developed in Desmodus compared
to other bat species (Mann. 1951, 1960, 1961, and it is probable
that these senses play an important part in their foraging hehavior
and activity. Kuschi (1952) reported that five Desmodus were unable
to return to aroost located 500 m distant tollowing perforation of
their tympacam. Griffin and Noviek (1955 found that Desmodns
cemit very low-intensity echolocation pulses as opposed to those hat
species that feed oninsects, Henson (19700 and Suthers (19700 sum-
marize much of the available data on hearing, vision, o'faction, and
taste in the vampire: however, additional work is necded to establish
the reltionships between scnsory mechanisms and movement ancd
prey secking under natural eonditions,

Villa-R. (1966) reports that a few vampires briefly leave the roost
and quickly return, presumably to determine the decree ol obscurity,
following which the entive colony iies ont (o fomee, While proximity
of an adequate food source determines foraging time and activity
Desmodus does not necessarily feed on livestock nearest the roost. )
have observed cattle within a few hnmdred meters of sizable vampire
colonies that showed no evidenee of Taving heen bitten, Vianpires
fly within a few meters of the gronnd when foraging and are usually
taken in the lower portion of mist nets. Upon finding w suitable
animal to feed upon they may alight nearby and approach their prey
on loot,

Greenhall (1970h) nsed sevologic precipitin tests ol digested blood
taken from vampire (Desmodus and Digemus) gastrointestinal tracts
to identily prey preferences. He found that Desmodus in Trinidad
fed on awide variety of domestic animals and wildlite, whereas in
Mexico their diet consisted primarily of cattle blood along with that
from a very small number of other domestic animals, Dicemus in
Trinidad were foand to feed me. 0 mammalian blood than here-
tofore suspected. Eorlier publictions state that Dicemus feeds al-
most exclusively on avian blood. Greenhadl also indicated theat Des-
modus does not have to feed nightly, The reported that five captive
Desmodus survived Tollowing 3.7 davs without feeding, In another
study (Crespo et al.. 1961), a captive aduit male Desmodus went
without a blood meal for 3 davs and survived. _

Favored feeding sites on cattle are the neck, shoulders, tail, and
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anal region, although bites may he found on nearly all parts of the
body. Sanborn (1931) and Crespo el al. (1961) reported secing up to
eight vampires feeding on the same animal, but this no doubt repre-
sents the upper limits of predation. Schmidt et al. (1970) reported
secing seven vampires feeding from the same wound, one after
another, within a 3-hour period, and caleulated in the herd unde
study that an average of three vampires fed from the same wound.
Crespo ef al. (1861) reported that intraspecific competition may he a
fuctor when vampire densities are high, and 1 have observed antago-
nistic behavior displayed by a feeding Desmodus upon the approach
of another. de Verteuil and Urich (1936), Schmidt et al. (1970),
Arellano ef al. (1971), and others have noted that Desmodus shows a
preference for certain breeds, ages, and colors of cattle; dark colored
and immature animals are generally preferred. While little is ynown
as to why vimpires prefer to feed upon certain individual animals
within a herd, docility of the “Lavored” individuals is probably an
important factor. Desmodus apparently prefers to feed on prone
cattle rather than those inan upright position (Flores Crespo et al..
1971).

Many workers have deseribed the ast of feeding by Desmodus
among them Ditmars and Greenhall, 1935; Villa-R.. 1966: Greenhall
ot al.. 1971, DiSanto (1960) and Hawkey (1966, 1967) demonstrated
that there is an anticoagulating property ta proteolytic enzyme) in the
calivit of Desmodus. this having been a point ol considerable neer-
tinty for many years, Vampires have been reported to consnme their
own weight in blood daily. although average daily consumption is
about 15=20 ml (Wimsatt and Guerriere, 1962: Villa-R., 1966; Green-
hall, 1970:0). On occasion they may have diffienlty flving after a large
blood meal and have been seento climb up a nearby post or tree in
order to lumneh themselves into the air (MeFarland and Wimsatt,
1969). Micturition frequently oceurs during feeding (Ditmars and
Greenhall, 1935; Villa-R., 1966; MeFarkand and Wimsatt, 1969) and
Desmodus is reported o spend considerable time grooming (Green-
hall. 1965¢: Flores Crespo et al. 197240,

Vampires frequently share their roosts with other species ol hatsg
however, interspecific relationships have not been well studied
despite the important epizootiologic implications. Villa-R. (1966),
Crespo et al. (1961), among others, have found various bat species
sharing the same roosts with vampires. Pawan (1948) states vampires
may bite and repel fruit-cating hats occupying the same roost,
although it is not known how frequently such contact oceurs.
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Iil. Existing Control Methndology and Control Programs

A, CURRENT STATUS 0F CONTROL. TrcnNQu

.

Constantine (1970), Greenhall (1963, 1968, 1970a), and Ruiz-Mu-
tinez (1963) Lave summarized existing techniques for the control of
vampire bats. Constantine (1970), in his thorough resumdé and bibli-
ography of bats in relation to health, weltare, and cconomy, divides
vampire control methods into two categories: (1) repellents, physical
barricrs, and voost destruetion: and (2) lethal population reductional
tectmiques. While nonlethal approaches, such as repelling vampires
by lights (Sanborn, 1931, bat-proofing stables and harns, dyvnamiting
roosts, cutting roost trees, and driving vampires from roosts by
smoke may sometimes alleviate the problem, these methods fre-
quently serve to disperse vampires to other roosting sites or simply
canse them to seek alternate food sources.

Few techniqaes have heen available for destroyving vampires on or
about their prey, although one, a strychnine-syrup mixture painted
on the bite wounds of prey livestock, is reported to be somewhat of-
fective. Vampires frequently retur to feed from the same wound on
successive nights and thereby may consume a lothal quantity of the
mixture (de Verteuil and Urich, 1936; Greenhall, 1963). Willians
(1960) reported that 661 poisoned bats were recovered alter 4288
animals were treated in this manner. This method of control appears
to be most useful where small numbers of prey animals are involved
and under conditions of intense livestock management. Application
of the technique is apparently not widespread.

One of the first workers to nse mist nets for caplturing bats wa
Dalquest (1954) (1. 3). Greenhall (1963) desceribed their use around
fenced cattle pastures in Trinidad and reported that he was suce-
cesslul in temporarily eliminating the vampire bat problem in one
arca for about 3 months. A similar approach was recentiv used in
Mexico (Schmidt et al.. 19700 vampires in roosts and about corralled
cattle were intermittently shot and trapped by mist-net overa period
of 6 months and the hiting incidence was thereby reduced on two
ranches by 70-8077. Mist-netting remains one ol the most uscful
techniques for capturing vampires at roosts -id about corralled or
tethered livestocek, but is not suited for vainpire controi over large
arcas. Their use is further limited by the necessity aor contigaal
inspection of nets, good weather, and the need for trained personnedl,
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Fig. 3. Capturing vimire hats in o mist net, (Courtesy of U S, Fish and Wildlife

Service, Department of the Interior.)

Procedures for capturing bats with nets and traps are described in
detail by Greenhall and Paradiso (1968).

Most of the existing control methods are aimed at vampire reduce-
tion in the roost. As previously mentioned, locating roosts is
frequently diflicult and time consuming, and the application of the
techniques discussed below are thus limited. Shooting vampires
with dust shot is one method still employved in Trinidad, Brazil, and
clsewhere, Fumigants and toxicants such as smoke and gasoline
fires, burning sulfur, gas cartridges, calcium cyanide (Cyanogas),
Malathion, DDT, aluminum phosphide gas (Phostoxin), Toxaphene,
dieldrin, and rodenticides have been widely used within roosts. Cer-
tain of these control agents are sprayed throughout the roost and per-
sist for long periods of time (Venezuela Ministerio de Agricultura v
Cria, 1962).

The Constantine bat trap consists of a wooden or metal frame
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between which are strung numerous closely spaced fine, vertical
wires under tension, and bencath which is located a plastic ¢ateh
receptacle. When this trap is placed within or at the exit of a roost,
flying bats strike the wires and slide down into the receptacle (Con-
stantine, 1958, 1969; Constantine and Villa-R., 1962). Other control
methods that have heen used include flame throwers, scines and
trummel nets, spiny vegetation, hand nets, dynamite, an elaborate
network for electrocuting bats, the elimination of roost trees, and the
closure of exits from the roost (Constantine, 1970; Greenhail, 1963,
1968, 19704; Villa-R., 1969). Courter (1954) mentions that livestock
may be protected by moving cattle 15-20 miles distant from rabies
outbreak arcas.

Many of the techmiques mentioned above were developed years
ago, and in light of current knowledge are no longer recommended
for use. They are not only incffective and extremely hazardous to
humans but their nse also results in the indiscriminate destruction of
many heneficial bats. Nonsclective control methods have heen ceriti-
cized by muany biologists and conservationists, and this concern ro-
sulted in the passage of a resolution opposing such techniques (Latin
American Conference on the Conservation of Renewable Natural
Resourcees, 1968).

Although the use of a biological control technique is potentially
hazardous, such a method has been deseribed by Abello Fernandez
(1966). He reported that bats in a Colombian cave were infected with
Newcastle discase after spraying the virus into their niches, A colony
of some 5000 hats was reported to be eliminated in tess than 6 days.
While biological control may have considerable theoretical potential
with respect to effectiveness and cost, the possible infection and
death of nontarget species, the hazard of viral mutations, and the lack
of control over its duration, distribution, and intensity, suggest that
alternate, safer techniques should most definitely be given prior con-
sideration.

Despite the wide variety ol control methods discussed, none have
been effective inalleviating the vamipire bat problem, or, if so. only
in very localized arcas and under conditions of intense livestock
manigement,

B. CONTROL PROGRAMS IN LATIN AMERICA

In 1970, 1 briefly visited several Latin American countries to learn
first hand of the vampire bat rabies problem, related rescarch, ex-
isting control programs, and control methodology employed. At that
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time, research and control efforts were found to be handicapped by
Luck of within-country funds and the nse of generally incflectual con-
trol techniques.

The vampire bat range extends south to northern  Argenting,
where, in 1970, vaccination of cattle was the principal means used to
combat rabies. Mist-netting and gassing of vampire roosts (primarily
hollow trees and wells) with gas cartridges or caleium cvanide were
also employed at the time of my visit. In Brazil, fitcarms, the burning
(zasoline) and qumigation (aluminum phosphide) of roosts, and, oc-
casionally, the strychnine syrup technique were used. The general
ineflectiveness of vampire control at the roost was amply demon-
strated when, in 1968, a scarch of nearly 7000 caves, wells, hollow
trees, and other roosting sites resulted in the destruction of only 537
vampires (C. E. Autran de Freites, personal communication, 1970).
Villa-R. (1969) reposted that nenselective control was attempted sev-
eral years ago in Rio Grande do Sul where “several thousand™ caves
were dynamited. Vaceination of cattle was widely practiced with
only limited cefficacy.

In 1962, the Venezuelan Ministry of Agriculture and Livestock was
recommending the use of calcimm eyanide, aqueous spray solutions
of DDT, “Joxaphene, Chlordane, Dieldrin, rodenticides, and the
Constantine trap as means of controlling bats in roosts. In 1970, the
principal control method used was that of spraying roosts with a solu-
tion of Toxaphene and diesel oill From 1964 1o 1967 over 44,000
roosts were fumigated, resulting in the destruction of an estimated 2
million bats of all species (P, Torres personal communication, 1970).
This indiscriminate approach has met with considerable opposition
from concerned hiologists and conservationists in Venezuela and
elsewhere, particularly in view ol the poorly understood epizoo-
tiologic relationships between the vampire and other bat species.
A co-worker of mine (R, J. Burns, personal communication, 1973)
reported that the above contol technique has recently bheen discon-
tinued.

Trinidad has had a long history of vampire bat-transmitted rabies,
and many of the existing control methods were initially developed
on this istand (Goodwin and Greenhall, 1961 Greenhall, 1963, 1964,
1965:.h). The principal techniques used in recent years have been
periodic population reduction at known roosts by shooting or netting,
and the use of mist nets where livestoek or humans are subjected to
attack., Known vampire roosts are sometimes checked as frequently
as every 3 or 4 montns, since some e continually repopulated
despite periodic control efforts. Vampires that attack cattle are cap-
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tured by mist nets placed aronnd corralled or tethered animals; this
technique is used on moonless nights when vampires tend to feed
shottly after dark, Strychnine syrup is applied to bat wounds only
when small numbers of cattle ae involved, and its application is the
responsibility of the instructed livestock owner. The number of vin-
pires killed in Trinidad Las remamed approximately the same year
after year and its cost has been estimated at $10 per bat (Milaga-
Alba. 1959). The apparent efficacy of the control methods used in
Trinidad may be largely attributed to the small size of the island, a
proportionately large field crew (12-14 men), a good communication
and road network, and the intense management and small size of
livestock herds.

The control of vampire bat transmitted rabies in Mexico is under
the direction of the Campana Nacional Contra El Derriengue, Diree-
cion General de Sanidad Animal, Until recently, heavy reliance has
been placed on the use of vaccines, since the effectiveness of ex-
isting control methods has been limited. Mist nets are occasionally
employed around corrals in Yucatin and, although several different
types of strychnine or arsenic syrup solutions are sold commercially,
their use is rot widespread.

Vampire bat-transmitted rabies is also a problens, in varying de-
grees of severity, in the Latin American countries of Bolivia, Co-
lombia, Guatemala, and Nicaragua, According to G. Clay Mitchell
(personal communmication, 1974), the recent development of new and
effective population reducdonal techniques has resulted in the
funding of intensitied vampire bat control cfforts in Nicamugua,
Panama, Venezuela, Mexico, Colombia, and Brazil.

IV. Research

Vampire bat rescarch funded at the national level has been charac-
terized by a low level of financial support and a lack of trained per-
sonnel experienced in animal damage control rescarch. The respon-
sibility for developing new control techniques has therefore been
undertaken by several international agencies.

Three international groups were conducting vampire bat research
in 1970: The Pan American Health Qrganization (PAHQO) in Argen-
tina, the FAO (UNDP) in Mexico; and a United States ATD-ifunded
cooperative project, also based in Mexico.

The PAHO project in Argentina, located at the Pan American
Zoonoses Center in Buenos Aires, seeks to develop vampire census
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techniques, to study vampire ecology and behavior as related to
rabies epizootiology, and to explore new control methods.

The FAO project in Mexico, now terminated, consisted of three
se. tions: virology, epizootiology, and bat ccology: the Jatter division
dealt with the ecology. betiavior, control, sad tfood preferences of the
viampire. The objectives of the FFAO project also included the
training of personnel. the application of technical advances else-
where in Latin America, and coordination with research centers
working in the same field in other countries (Arellano, 1968).

The AID-funded project was a cooperative program between the
U. S, Fish and Wildlife Service and the Mexican Instituto Nacionil
de Investigaciones Pecnarias. Basic approaches to the development
of new and etfective means for vampire bat control were explored at
the Services', Denver, Colorado, Wildlite Rescarch Center, while ad-
vanced testing and field studies were conducted at the Mexican-
hased station,

The d-vear FAO project was reduced in scope in 1972 and was
phased ot in 1973, The AT progrium, having developed severnal
promising new vampire control techniques, initiated ficld tests in
other Latin American countries (Brazil, Bolivia, Colombia, Nicaragua,
Panama, and elsewhere), and the Mexico-hased field station was also
closed down in 1973,

Vimpire bat control should be envisioned in teris of population
reduction in specific localities where livestock are exposed o rabies.
Complete extermination of the vampire, whether desirable ornot. is
not a feasible concept in light of our present knowledge, sinee these
hats are Tound throughout vast inaccessible parts of Latin America,
including many uninhabited arcas not tilized for livestock produc-
tion. New control techniqees should be developed in accordanee
with the following criteria:

a. The techaique should be spevific for vampire bats,

b, It shonld be effective, safe, and economical in terms of man-
power, funds, and time.

e. Livestoek owners should he alile to utilize the technique with
A minimum of instruction.

d. Priney consideration should he given to methods that can be
applicd on or abont the prey spedies, although control at the roost
may have applicaidon in some arcas

. The officacy of the teehmique should not be affected by ad-
verse weather conditions.

. Elaborate control devices, or equipment subject to mechanical
hreakdown, should be avoided.
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g Application of the techuique should not result in deposition
of harmful or persistent residues in the ceosvsten,

Two promising new vampire control techniques have recently
been developed that encompass most of the criteria ontlined above,
The control method developed by Thompson et al. (1972) takes -
viantage of “the dailv requirements of ampire hats tor hlood, the tend-
eney ol anticoagulants to temporarily hind to the hlood protein, and
the differential sensitivity of cattle and vipire hats o diplien-
adione.”™ These workers treated cattle with the anticoagulant 2-
diphenvlacetyl-1 3-indandione by ncans of single intearminal -
jections (Fig D They found the 1D, for Desmaidis rotundus (single
oral dose) th be less than 1.0 my/hg, whereas a dose of up to 3 mu/hy
did not adversely affect cattle wother than tewiporarey and moderate
increase in plasna prothrombin clotting time), Their initial hioasan

~

W

Fig. 4. A introuminal injcetion of wn anticoagnlant is cllective in destroving v -
pires that leed apon treated cattle CThompson et al. 972, Conntesy ol U S, F b and
Wildlife Service, Department of the Tnterion
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studies in the laboratory suggest that this method is not hazardous
nor does it result in harmful, Tong-term residues in beel” or dairy
cattle, Excellent results were obtained in a field trial conducted on
three adjoining Mexican ranches: a count of fresh vampire bites on
207 cattle innmediately prior to treatment revealed an average of 1.1
hites per animal, hut 2 weeks following the intraruminal injection of
I omg/hg of diphenadione suspended in 0,05 Carbopol 941) only
0.07 hites pesonimal (939 veduction) was recorded. This teehnlque
has severad advantages: there is o need for physical contact with
vimpires. control is limited to the hat species causing damage. the
method can he incorporated ivto normal livestock management pro-
eriuns, and an antidote (vitiomin K is avadlable in the event of an ace-
cidental massive overdose to the cow,

Another new control teehnique veported by Linhart of af. (1972)
s produced  equally good results by taking advantage of the
roosting and grooming behavior ol Desmodus. This species com-
monly roosts in small colonies and habiteally uses one or more sepa-
rde and distinet niches within the roost, even when it shares the
same cave with other bat species, The method involves a procedure
whereby o relatively few vampires are caught with mist nets (placed
new tethered or cormalled cattle, or at the roost) and o toxic agent is
applicd divectly to their backs. More precisely, 30 mg ot chloropha-
cinone (2-| (p-chlorophenvhphenylacety -1 3-indandione). w slow-
acting toxicant, dissolved in 1.5 ml of petroleum jellyl is applied
topically to the lorsal surface of cach captured vampire, hefore their
release (Fig. 50, After their retarn to the roost, this slow-acting an-
ticoagulant is tinsferred o other colony members through hody con-
tact and individual and muotual grooming, and widespread mortality
oceurs within the roost. Field trials in caves were carried out in the
state of Morelos, Mexico, during which a few vioupires were netled,
treated with this substanee, and released back into the caves; this
resulted in the death ol as many as 34 Desmodus for cach one treated
with the anticoagulant. The technique appears to he specific for vam-
pires and has not resulted in any mortality of other bats (Natalus.
Pteronotus, Artibeus, Glossophaga. Macrotus) roosting in the same
caves. It appears effective regardless of the number of vampirve bats
oceupying i cave so long as the ratio of treated to untreated bats is on
the order of about 1:20-1:25. The technique was further evaluated
on two ranches in the states of Oaxaca and San Luis Potosi, Mexico,
by means of two indices: (1) pre- and post-treatment counts of tresh
vampire bites from cattle in the study awreas, and (2) the numbers of
vampires mist-netted at corrals before and after application of the
tonicant. The capture, treatment, and release of vampires netted
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Fig, 5. Applving o anticoagulant. diphenadione, 1o vampive hat. Troated Dats poe
turn to the roostand contaminate other members of the colony (€ onttesy of UoS) Fish
and Wildlife Service, Department of the Interion

during one night at both ranches resulted in a Y5-98¢; post-treat-
ment reduction in bites and captured Desmodus (Linhart et al..
1972). Field trials in the state of Pernambuco. Brazil, in which the
anticoagulant dipl.enadione was applicd in the sime manner, have
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produced equally good results. Fresh vampire bites on 104 cattle
were rediced 967 and 10077, respectively, on two ranches following
the topical application of diphenadione on mist-netted bats, The
hiting incidence 27 months aftes application was still 9377 and 817«
less than pretreatment counts fndicating, in this case at least, that
viumpire populations are slow to recover from the effects of control by
this technique (G Clay Mitehell, personal comnnmication, 1974).
Diphenadione Gvadlable from Motomeo, Ine 89 Terminal Ave.,
Clark, New Jersey 07066) is probably superior to chlorophacinone as
4 vampire tosicant, regardless of the method of application, as
snaller quantitios are required and cattle residue problems have
already heen investigated CPhompson et al. 1972).

More recent unpublished field trinls and demonstrations in Bolivia,
Colombin, Nicaragua, and Papama undertaken by the AlD-funded
U, S, Fish and Wildlife Service program have resulted in equally
promising results, Trinidad and Guyana have also shown interest
in the new control techniques (G Clay Mitehell, personal comni-
cadion, 1974,

Diphenadione has also been used as a means of controlling vam-
pire hats within their roosts by applying it to their roosting sites
within caves, ote. (Flores Crespo et al., 1974, Thwever, this tech-
nigque may not he as species-specific as those where control is con-
ducted on or about the cattle.

Despite the apparent success of the new techniques deseribed
above. well-documented rescarch s still neceded to (1) learn more
about the vampires” physiology, behavior, and ecology: (2) determine
the optimal size of the arcas that must he treated to reduce or elimi-
nate rabics: €3 acquire data on vampire population recovery rates
following control; 1) continue to ook new and better control
methods: (3) establish epizootiologic relationships between vampires
and other species of bats: and (6) develop quantitative means of es-
timating relative densities of vampires in order to establish in ad-
vimee the rbies potential and the need for control,

2}

V. Social and Economic Considerations

Factors other than adequate control technigues wreatly influence
efforts to combat viompire bat-transmitted rabies. Superstition, indif-
ference to the problem, or rosistance to new livestock hushandry
practices render control less effective. Publie education, technical
training, and good communications media are also required to allevi-
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ate the problem. Current control technigques commaonly used in one
Latin American country are unkunown in others, and communication
between protessional workers should he improved. Adequate tunds
are necded for rescearch and coutrol programs operating within suit-
able organizational frameworks. All these factors must be given
proper consideration it the vampire bat rabies problem is to he
solved.
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