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ECOLOGY AND CONTROL OF RODENTS
OF PUBLIC HEALTH IMPORTANCE

Report of a WHO Scientific Group

A WHO Scientific Group on the Ecology and Control of Rodents of
Public Health Importance met in Geneva from 27 November to 3 December
1973. The meeting was opened by Mr J. W. Wright, Chief, Vector Biology
and Control, who welcomed the participants on behalf of the Director-
General.

Mr Wright said that WHO appreciated the presence at the meeting of
a representative from FAO because the underlying concepts of rodent
ecology and control are applicable to both public health and agriculture.
These two fields are closely linked by the need to achieve satisfactory
control of rodents, and in this task the joint efforts of the appropriate
specialized agencies of the United Nations are obviously required.

1. INTRODUCTION

Rodents play an important part in the spread of many diseases of man
and domestic animals, and very often the possibility of a disease being
transmitted can be considerably reduced by the control and management
of the rodent population associated with the disease. Unfortunately,
however, effective use has not yet been made, particularly in many develop-
ing countries, of various improvements in rodent control techniques
achieved during the last two decades. In addition, there are still many defi-
ciencies in the information available about the effectiveness of various
control techniques. To draw attention to these deficiencies and to the ways
in which existing information could be used more advantageously, the
following logical sequence of topics has been adopted in this report.

The first topic to be considered is the epidemiology and importance
of rodent-borne disease. It is clear that reducing rodent numbers is not
the only way to reduce the danger to man of the diseases that rodents can
carry. The control of arthropod vectors, the immunization of the human
population, and the provision of prompt medical care are also important,
but these measures lie outside the scope of this report and have, in any
case, already been described, at least- partly, in other technical reports
(I, 2, 3). Information about the various indirect ways in which rodents
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may affect human health is not included here ; aesthetic reactions to the
presence of rodents, rodent damage to sewerage systems, and, perhaps the
most important, losses in stored and growing crops, which exacerbate
problems of malnutrition and susceptibility to disease in local human
populations, are some of these indirect effects.

Later sections deal with rodent ecology, providing a basis for an under-
standing of the infectious cycles in which rodents play a role and the
ecological background required for the development of control methods,
actual control methods, and various ways of disseminating information
about rodent control, particularly in the- training of the field personnel
who will ultimately be responsible for carrying out control measures or
educating the people in the control of the rodent populations. Finally,
the main recommendations of the Scientific Group are assembled. The
formulation of these recommendations, designed to improve the control
of rodents of public health importance, was considered by the Group to be
its most important function. S .

In order that its potential significance may be most easily appreciated,
an attempt has been made to present the large amount of supporting
information as briefly as possible. However, in the section on ecology
(p. 13) the Scientific Group thought it worth while to review the very
important topic of estimating rodent numbers in more detail and to outline
the extensive recent and continuing work in this field.

2.7 THE IMPORTANCE OF RODENTS IN PUBLIC HEALTH
2.1 General

The historical association of wild mammals, especially rodents, with
certain human epidemic diseases is well documented, and it is evident that
this relationship was understood in broad terms centuries before scientific
developments in the nineteenth century led to the discovery of infectious
cycles and the intricate roles played by reservoirs, vectors, and pathogenic
agents (4, 5). Among these epidemic diseases plague has been the most
notorious, and its major pandemics may well have had as profound an
effect on the course of human history as insect-borne - diseases such as
malaria, yellow fever, and epidemic typhus. A great.deal is known about
the nature of transmission of many of these diseases in the developed
countries and effective methods of control have been devised. However,
there are serious gaps in our knowledge concerning important aspects. of
the enzootic nature of such diseases in developing countries in relation to
the ecology and taxonomy of the rodent hosts and their ectoparasites.
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The rodent-borne diseases discussed in this section are representative and
important examples of the nature and diversity of rodent involvement in
human disease and emphasize the “classical” and “newly emerging” types
of rodent-borne diseases. :

2.2 Bacterial diseases

2.2.1 Plague

Among the families of rodents most commonly associated Wlth plague
are the Gerbillinae (Meriones, Rhombomys, Tatera, and other genera)
in Asia and Africa ; the Cricetinae in North and South America (Oryzomys,
Neotoma, and others) and Central Asia (Cricetus); the Microtinae
(Microtus, Ellobius) in North America and Central and Northern Asia ;
a large assortment of Murinae (Rattus, Acomys, Arvicanthis, Bandicota,
Mus, Mastomys, etc.) throughout Africa and South-East Asia and other
areas where Rattus has been introduced ; the Sciurinae in Asia and North
America (Citellus, Marmota, Funambulus, Cynomys, and other -ground
squirrels) and in Africa and South America (the tree squirrels Xerus and
Sciurus). Other families (Otomyinae, Dendromyinae, Dipodidae, Hetero-
myidae, Caviidae, and Echimyidae) have been reported to be naturally
infected or are strongly-incriminated by findings of plague organisms in
their ectoparasites Lagomorphs (Lepus and Sylvilagus) are also reservoirs
of plague in Africa, North and South Amenca and parts of Central
Asia (9).

In all, some 200 or more species of rodents representmg all the major
families throughout the world can harbour plague naturally. They differ
considerably in their etiological importance because some are very much
more susceptible than others. One explanation of cyclic plague outbreaks,
especially in the steppes of Central Asia, involves the interaction of two
sympatric ! gerbil species (usually Meriones), one of which is somewhat
resistant to infection and serves as the primary reservoir whereas the other
is highly susceptible. The susceptible species spreads the infection when
its population density is high. Following a rapid fall in the numbers of the
susceptible species the. infection persists in the resistant species while- the
susceptible: populatlon recovers and builds up.again (6). . * . - - ¢

- This.-hypothesis ‘is ‘less- convincing for tropical areas, where rodent
populations do not fluctuate drastically from year to year and reproductlve
cycles are more evenly spread throughout the year.  Although the phe-
nomena.- of susceptibility and resistance doubtless play an.important. role
in plague transmission even'in the tropics, there are-differences in the

1 i.e.; populations oecui)ying the same geographical area:



nesting and movement patterns. between rodents in tropical and steppe
areas, and the spread of the infection from natural foci to.domestic rats
(Rattus) and thence to man may be influenced by the rainfall characteristics
and the agricultural practices and other human behavioural patterns in
the region.

WHO is at present carrying out a 3-year ecological study in Central
Java to determine more precisely the roles of rodents and fleas in main-
taining a plague infection in nature and the likelihood of factors occurring
that are associated with transmission to man. Two years’ work has already
been completed, and it is hoped that the study will lead to a better under-
standing of the nature of enzootic plague in tropical areas.

The diversity . of rodent habitats ranging from rain forest to desert
regions and the large number of rodent species involved in plague trans-
mission are responsible for our limited knowledge about the ecology of the
rodent reservoirs of plague. Even though plague foci may be quiescent,
certain public health problems remain, and the severity of some outbreaks
in the past reinforces this.view. Active foci still exist in South America
(Brazil, Equador, and Peru), Africa (Tanzania and Zaire), and South-East
Asia (Burma and Viet-Nam), as well as in other areas about which much
more information is-available (e.g., Iran, USA, USSR).

- Although the ecology of mammals and fleas is not the enly 1mportant
aspect of plague research, ecological studies will lead to abetter knowl-
edge of fluctnations in population densities, population movements, and
associated phenomena This will be of great value in establishing whether
rodent surveillance is-of practlcal 1mportance in predicting. potentlal out-
breaks of plague.

Fortunately, human plague can be treated successfully with antlblotlcs
but the cost of surveillance and medical supplies is great in the developing
countries, where programmes to control other diseases such as cholera
and malaria compete for the limited financial resources. :

2.2.2 Tularaemia

Like plague ‘tularaemia is a natural disease of rodents and lagomorphs
that may also infect man. The numerous strains of Francisella tularensis
vary greatly in their virulence for man, and this variation is associated in
part with the specific mode of transmission. Tularaemia may be ‘trans-
mitted from rodents to man by blood-sucking arthropods (mites, ticks,
flies, midges, fleas, mosquitos), by contact with or ingestion of water, or
the inhalation of dust, contaminated by rodent faeces, or.by contact. with
infected live mammals, their carcasses, or insufficiently cooked -meat.
The infection in man is essentially cosmopolitan. In North America hares
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are associated with most reported cases of tularaemia but in Central Asia
and Europe, Microtus and Arvicola are the predominant vectors. No
attempt is made here to summarize the vast literature on this disease and its
association with man and small mammals, but the close links between the
disease and human activities that influence mammal populations should
be noted. The clearing of forests in Europe and Central Asia to make way
for pastures and meadowlands has increased the habitat available to
Microtus in those areas because the dynamics of its population numbers,
themselves major determinants of epizootics, are closely connected with
agricultural activities.

In addition to causing disease in man, tularaemia can also be a major
factor in regulating the rodent populations. As .the distribution of the
reservoir rodents is so closely linked to agricultural practices, especially in
Europe and Asia, there can be few better examples of the intimate asso-
ciation between field rodents, human activities, and zoonotic diseases (7).

2.3 Viral diseases

2.3.1 Lassa fever

This infection is caused by a virus first isolated from human patients in
West Africa in recent years. The infective agent is antigenically related to
Machupo virus, the causative agent of Bolivian haemorrhagic fever, and
to other viruses known to be associated with rodents. In a recent report (8),
an outbreak was reported in Sierra Leone in which the overall attack rate
was 2.2 per thousand in the human population with a case-fatality rate
of 38% among hospitalized patients. Isolates of Lassa virus have been
recovered from Mastomys natalensis,! the multimammate rat, well known
as a plague reservoir in arid areas in southern and eastern Africa and now
implicated -as the reservoir of an apparently newly emerging disease in
forest areas of West Africa. There is little information on the ecology,
population patterns, and seasonal distribution of this rodent in West
Africa. Although human to human transmission has been recorded, it is
not yet known how the infection is maintained in the rodent population,
and whether an arthropod vector may ‘be involved. '

2.3.2. Bolivian haemorrhagic fever

The causative agent of this infection is related antigenically to Lassa
virus.” A South American cricetine rodent, Calomys ca_l!osus; was found
to be chronically infected, and virus excreted in the urine by commensal

1 Synonyms sometimes used in the literature are Rattus natalensis and Mastomys
coucha. S RN ) '
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individuals is transmitted to man, probably by the direct contamination
of food. It has been speculated that such a “ new ™ disease may be the
result of an extension of the‘range of the reservoir rodent or a modification
of the rodents spatial or behavioural - relationship with man, perhaps
resultmg from human activities (9). .

2.3.3 Korean haemorrhagzc fever

This infection reached epldemlc proportlons in the early 19505 among
military personnel stationed in southern Korea. Repeated attempts to
isolate a virus from human patlents field rodents, and suspected arthropod
vectors have failed. The viral origin of the disease and the involvement: of
rodents in its transmission is based on the similarity of the clinical mani-
festations to other known viral/rodent haemorrhaglc diseases. Since 1973
a WHO research team has been working on this ‘problem. However,
unless a virus is isolated and antigenic material is subsequently prepared
it will be impossible to determine the role of rodents in this disease, wh1ch
is probably widespread in northern and eastern-Asia.

2.3.4 Rabies )

Although rables is class1ca11y a dlsease spread by w11d and domestic
carnivores, the role that bats may play in its transmission has become
more obvious in recent years, especially in the Americas (10). In the past
few years a number of strains of rodent variants of the rabies virus have
been isolated in Europe from Apodemus flavicollis, Clethrionomys glareolus,
and Microtus arvalis (11). There is no evidence to link these observations
to rabies in foxes, the principal vector and reservoir in Europe, or any
other animal species. However, the possible existence of a-natural focus
of variants of rabies virus in rodents cannot be completely ignored, and
further research on all aspects of these viruses is therefore to be encouraged

2, 4 Scrub typhus

Of the diseases caused by rickettsia in man the most widespread is
scrub typhus. It has been established that rodents are important trans-
porting hosts of scrub typhus caused by Rickettsia tsutsugamushi. The
vectors.are usually larvae (chiggers) of trombiculid mites, notably of the
genus Leptotrombidium. Tt has been generally assumed, but not yet demon-
strated, that chiggers can be infected by feeding on infected rodents.

The range of the disease, as known by occurrences in man, extends
from Japan through China and the islands of Taiwan, the Philippines, and
New Guinea all the way to tropical Australia (Queensland) and west
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through India and parts of Pakistan, possibly to Tibet, Afghanistan, and
southern parts of the USSR. The distribution of the disease follows
closely the distribution of the Rattus rattus group. However, in Japan and
at other extremes of the distribution range other hosts are involved.

In most parts of its range, scrub typhus in man has been associated
with habitats altered by man. The disease is thought to be hyperendemic
in limited foci that have come to be known as “typhus islands” or “mite
islands”. In some parts of its range, the disease is noted for its seasonal
manifestations (12), and Traub & Wisseman (13, 14) reported changes. in
the host and vector populations in Malaysia related to time-associated
changes in their habitats. '

In the last few years studies of the ecology of this zoonosis have con-
tinued in Malaysia. Muul & Lim (unpublished data, 1973), using both
blood and kidneys as a source of isolates and the immunofluorescent anti-
body test for serological surveys, found that many species of forest rat in
addition to rats belonging to the R. rattus group are highly involved in
transmission. However, species that confine their activities to trees seldom
contract the disease. The extent of endemic transmission seems to be as
great in the forest as in the classical “‘scrub” habitats, and in some cases
at least, even greater.

To date, nothing is known about the reservoir hosts of scrub typhus,
in spite of the fact that rodents are the animals mainly responsible for the
widespread distribution of the chigger vectors. More research work is
needed to study the ecology of the hosts and vectors, especially in d1fferent
habitats and in areas where the disease is very prevalent.

2.5 Other rodent-bome diseases

The few examples given above characterize some of the classical and
the newly emerging rodent-borne diseases. Other rickettsial infections
including the spotted fever group and murine typhus, and certain viral
infections such as tick-borne encephalitis, West Nile encephalitis, Russian
spring-summer encephalitis, etc., are well documented. Similar examples
could be given for parasitic diseases such as leishmaniasis, Asian schisto-
somiasis, Chagas’ disease, angistrongyliasis and trichinellosis, and the
diseases of great importance to veterinary public health such as lepto-
spirosis and salmonellosis.-

The rodents involved in most of the helminthic diseases are pr1nc1pally
muroids and they generally play an important part in the propagation of
the parasite ; man.is usually an accidental host. It is essential to under-
stand the roles. of rodents associated with these diseases although the
rodents play an 1nd1rect part in the transmission of many parasitic diseases
to man. ,
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- The Scientific Group made a distinction between those rodents that
are observed to be infected with a human disease and those that play an
active role as reservoirs or vectors of any specific disease, noting that
certain . domestic mammals serve as amplifying hosts for some arboviral
infections of man. It is reasonable to speculate that such infections may
have permanent foci in wild mammals, especially rodents, which constitute
such a large proportion of the mammalian fauna ; an example is seen in
Kayasanur forest fever, in which nonhuman primates are generally con-
sidered to be the reservoirs but may actually be amplifying hosts. Vene-
zuelan equine encephalitis, Californian encephalitis, and Japanese B
encephalitis may be considered as other examples. Further research in the
form of preliminary serological surveys is required in this field.

The Group noted that animals under stress may exhibit elevated
viraemias, as, for example, in animals starved or held in captivity for more
than 24 hours before bleeding. Since diseased or parasitized individuals
are evidently ‘not trapped as easily as healthy ones are, they are only
infrequently observed in routine surveys, and latent infections may not be
noticed. Although data are scarce, it is worth noting that most studies of
rodent-borne diseases seem to involve apparently healthy individuals as a
result of this bias.

2.6 The host-parasite relationship

The need to understand the function of the host-parasite relation-
ships of rodents in association with zoonotic diseases is essential, and
correct taxonomic determinations of both the host and its parasites are
prerequisites. Ecological studies related to the population structure of
the host and ectoparasitic infection rates within the host population may
indicate the endemic or hyperendemic foci of the diseases. For example,
flea indices may serve as indicators of the potential explosiveness of the
situation should ‘a plague outbreak occur in an endemic area. High flea
indices should serve as a warning that more stringent control measures are
needed to protect the human population against the possibility of an
epidemic, but they should be interpreted intelligently, taking other relevant
factors into consideration, because they do not in themselves indicate an
imminent plague epidemic. Flea indices for vector fleas are more significant
than are overall flea indices. In addition, studies on the population density,
home range, and dispersal require repeated observations of individual
hosts, but the latter may often be important in determining potential rates
of contact between reservoirs, interchanges of ectoparasite vectors, and
the potential spread of pathogenic agents. The Scientific Group did not
consider that single indices of rodent or ectoparasite abundance are reliable
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indicators of epizootic or epidemic outbreaks of rodent-borne diseases
of man.

In order to determine more precisely the role of rodents and other
reservoir species in zoonotic diseases, the increased application of precipi-
tin testing of ectoparasite blood meals is to be encouraged, especially for
vectors such as mosquitos and triatomid bugs that, unlike fleas, ticks, and
mites, are not often collected on rodents. Additional work is required to
make such tests more specific for a broader range of rodent families and
genera.

3. ECOLOGY

3.1 Identification of hosts and vectors

Although taxonomy is not properly part of ecology, the correct identifi-
cation of host and vector species is fundamental to ecological studies. The
rodent faunas of Africa, South-East Asia, and South America, including
especially the murine and cricetine species, which are major reservoirs of
disease, are inadequately known. These faunas should be more carefully
studied and appropriate keys prepared to the major agricultural rodent
pests and disease-associated rodents of each region. Unfortunately, there
are few trained taxonomists in the developing countries. In the past, many
studies on rodent-borne diseases have suffered from incorrect identifi-
cations and the lack of reference specimens has prevented some studies
from being duplicated or the findings confirmed. It is very important,
particularly where critical work is involved in relating rodents to certain
diseases, that appropriate reference material should be deposited in mu-
seums or other suitable and stable institutions so that, if necessary,
identifications can be checked by other research workers in the future.

Research collections for establishing correct identifications exist mainly
in Europe and North America. Collections elsewhere are limited and
poorly supported, increasing the problems of workers in the developing
countries. In an attempt to improve this situation, WHO has recently
made arrangements with the British Museum (Natural History) to provide
identifications of mammals implicated in public health problems, especially
in the areas mentioned above. :

3.2 Reproduction and growth of rodents

The high reproductive potential of rodents is well known, and to impress
audiences many calculations have been made of the number of possible
offspring of a single pair of rats or mice in a year. Such data, however,
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often give a very .exaggerated and- oversimplified - picture of the real
situation. .

-For a proper understanding of reproduction and growth in rodents it
is important to know the average litter size, gestation period, growth rate,
and age of onset of sexual maturity for-each species, and the duration of
the reproductive life of :an individual.. For many species:of rodent much
of this information can be obtained from animals bred and reared in the
laboratory. although whenever- possible it should be confirmed and.supple-
mented by the seasonal sampling of animals in the field. Where possible,
the same samples of animals should also be used to sample ecto- and
endoparasites and disease organisms, thereby effecting savings in labour
and time. :

The number of young per litter can be estimated from the number of
embryos counted in pregnant females, and the proportion of reproducing
females in the population can be-used to assess seasonal patterns of breeding.
The capture-recapture method -using only live animals does-not permit
detailed examinations but individual rodents can ‘be followed for .long
periods to obtain information on growth and the age of maturity. .-

3.3 Population structure

Although influenced by external conditions, fluctuations in-the popu-
lation are clearly dependent on the internal structure of the population,
including -the sex ratio, the proportion of the population in different age
classes, and the proportion-involved in reproductive activity during the
year. The population structure may also be very important in disease
transmission, and this aspect ‘of ecology needs further study, especially as
the fraction of the population behaving as disease reservoirs or vectors
may be quite small and unrelated to the population density. Serological
techniques, for example, may yield high antibody counts in a- winter
population containing a high proportion of adults compared with the
same population in the spring, when there is a greater proportion of young.

‘Age can be roughly determined in the field by using such characters as
weight, certain body proportions, and pelage, and more accurately, at any
rate in some species, by using the weight of the lens of the eye—an obser-
vation that obviously can be made only on dead animals. The choice of
character is dependent on the accuracy desired in the determination. The
age association of the character must be tested for each species separately
and it may vary even from one local population to another.

- Much more research, particularly long-term studies, is needed to
understand the role of population structure in association with environ-
mental factors, such as food and.climate, in causing population fluctua-
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tions that in many cases involve an annual periodicity superimposed on
cycles spanning a number of years. Such knowledge may suggest ways of
changing the population structure for the purpose of reducing rodent
numbers and disease transmission.

3.4 Movement patterns

A knowledge of movement patterns in rodent species is necessary for
interpreting contacts within and between species and the relat10nsh1ps of
rodents to arthropod vectors of disease. Such knowledge is also very
important in planning control programmes and may indicate, for example,
where reinfestations could occur and where rodenticides should be applied.
It is also important in understanding the spread of genetically determined
types of resistance to anticoagulant rodenticides (see section 4.2.3).

The type of movement most frequently studied is that of an individual
rodent searching for food and undertaking other daily routine activities.
The area traversed by the animal during these activities is often referred to
as the “home range”, and may be determined in a number of ways from
data collected by trapping, marking, releasing, and retrapping the same
individuals at a number of fixed trapping points arranged in a grid (15).
Such data are generally collected at the same time as those obtained from
grid trapping to determine populatlon numbers (see section 3.5.2).

Another type of movement is dispersal of the young from a nest. The
distance covered may be as much as 10 km or even more, but on average it
is considerably less. Other movements in many rodent species may be
caused by a lack of food at the site of initial residence and result in the
invasion of adjacent habitats. Certain species of rodent move regularly
according to seasonal changes, commonly invading barns and other
storage depots in the autumn and winter in temperate regions. In some
developing countries the movement patterns of rats often follow the agri-
cultural cycles of the area as fields are denuded and poorly stored crops
provide an attractive source of food. All these movement patterns may
be related to the population size and both should be studied at the same
time.

3.5 The estimation of population numbers

3.5.1 Relative estimates based on nontrapping methods

An essential starting point for any study of the population ecology or
the success of control measures in a given rodent species is the estimation
of the numbers present. In some cases, however, an adequate indication
of the numbers may be obtained from an index based on rodent signs.
For example, in urban areas with a low level of rodent infestation and a
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human population strongly motivated towards freedom from rats, the
number of complaints about the presence of rats may offer an economic
means of judging the prevailing situation in the field (/6). On the basis of
unit counts of damaged items (I7) and rough subjective estimates of the
degree of damage to agricultural crops, it is possible to build up an overall
picture of the yearly changes in the numbers of certain pest species.

In addition to evidence of rodent damage other signs of rodents are
trails, burrow openings, mounds, earth plugs, grass cuttings, droppings,
etc. Such signs have been used in urban environments to estimate the
number of properties or city blocks infested by the Norway rat (18). The
same signs have also been used to estimate the density of an infestation
according to a simple graded scale (19). It is important to test the apphca-
bility of these methods for assessing the results of control schemes in large
cities in developing countries (see section 4.4). Burrow counts (20) or
other field indications (2I) are currently used for forecasting-outbreaks of
field rodents. Some attempts have been made, by Lidicker (22), for
example, to associate the sign indices with the actual numbers of rodents.
However, all estimates based on the visual judgement of signs are subject
to several sources of bias and they should be supplemented by index trap-
ping, for example, whenever necessary (see section 3.5.2). :

Other methods for estimating rodent numbers without the use of
trapping, and whose interpretation is less subjective, include the use of
droppings counts or trackmg boards and the baiting techmque of Chitty
& Shorten (23). The latter is generally considered to be one of the most
reliable methods for estimating numbers of Norway rats, even though its
accuracy is highly dependent on the attractiveness of alternative items of
food, and it can be recommended for checking the accuracy of more sub-
jective indexes. :

Estimation .methods not involving trapping that are believed to be
reliable are digging (24) or flushing (25) rodents out of their galleries, and
the accuracy of these estimates can be improved by the use of temporary
enclosures (26). However, they are likely to be used only in areas where
technical personnel are available at a moderate cost. A technique occa-
sionally used is to denude a circumscribed area of all vegetation and to
catch all displaced rodents. Under certain conditions, it is possible to
employ hunting methods, espemally for arboreal rodents, large species
such as Myocaster and Cynomys, and bhares, and wherever rodent popu-
lations are dense and the collecting time is limited.

3.5.2 Relative estimates based on trapping procedures

Trapping procedures of one kind or another can be considered as the
basic means for the survéillance of rodent populations when estimates of

16



numbers are needed. In removal trapping, in which the animals are taken
out of the population at the moment of trapping, snap (‘“break-back”)
traps are usually employed. In this type of trapping, the distribution
patterns of traps used on the terrain have been highly variable and some
degree of standardization is desirable. In the past the index line techniques
(see, for example, Calhoun (27) and Spitz (28)) have generally been the
most commonly used, but recently the small quadrat (SQ) method proposed
by Myllyméki et al. (29) has been widely adopted in some European
countries. The main advantages of the SQ method are that the sampling
units can be confined to certain types of definable habitat in mosaic
environments and the SQ catches are more likely to be suitable for trans-
formation into density values than are line catches. Trapping patterns pro-
posed for density estimations are usually based on a grid form, as for the
“standard minimum” index used in International Biological Programme stu-
dies (30), but a line-trapping procedure described by Wheeler & Calhoun
(31) and known as the ‘“assessment line technique” has received much
attention (32).

It is sometimes desirable not only to examine population numbers, but
also at the same time to collect data on individual movement patterns,
social interactions, turnover rates, etc. For this purpose, a trapping pro-
cedure of the capture—marklng—recapture (CMR) type is most appropriate.
The procedure itself is laborious and requires trained personnel. Although
not suitable for all extensive surveys, a CMR procedure can be recommended
in field experiments for -evaluating rodenticide performance because it
provides a means -of comparing the pre- and post-treatment population
numbers with the least possible interference to the structure of the popu-
lation and the social interactions within it.

Whatever trapping scheme is employed, many variables affect its
capacity to produce a catch of animals : the type, size, and location of the
traps, the type of bait and prebaiting procedures, the duration of the
trapping, the movements and social ranking of individual animals, etc.
The bias produced by the operation of all these factors probably reaches
a maximum in the tropics owing to the great diversity of species simul-
taneously exposed to trapping. At present, the only recommendation that
can be made for avoiding highly biased population estimates is first to
study carefully the behaviour of the target species under the prevallmg
local CODdlthllS

3.5.3 Absolute estzmates of populatzon numbers

Under the particularly favourable conditions that obtain in enclosures
or on islands, for example, it may be possible to capture every animal.
The absolute numbers are therefore known and can be expressed in the
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torm of population density, i.e., the number of animals per unit of area.
Usually, however, more or less elaborate calculations are required to
estimate-the “real” numbers of small mammals present in an area from
capture data. A comprehensive review.of this techmque has recently been
prepared by Smith et al. (32).

Fairly reliable minimum estimates can be obtained with CMR pro-
cedures simply by following the recaptures and the disappearance of
previously marked individuals (33, 34). However, even this “calendar
of captures method” is biased by its variable capacity to trap individual
animals, which is expressed, for example, in the preponderance of “once
only” visits to the traps. The probability that a relatively high proportion
of the population does not enter a trap led Tanton (35) to propose a
“frequency of captures” method for estimating the size of this component.
Petrusewicz & Andrzejewski (34) have introduced the concepts of “resident”
and “transient”, the latter being roughly equivalent to once only visitors,
but this theoretical reasoning does not essentially contribute to the solution
of the main problem. Myllymiki (see reference 36, for example) has
demonstrated that behavioural and’ activity differences between the sub-
groups in a population (at least of some microtine species) are the main
cause of unequal trapping experience, but he has not yet been able to
suggest a way of estimating the numbers of the population subgroups
least susceptible to capture—namely, subadults and juveniles.

This difficulty cannot be circumvented by mathematical procedures,
however elaborate, and some workers have found that such procedures
may, in fact, exaggerate the original bias. Thus at present it is only possible
to recommend the use of minimum estimates based on the actual numbers
of animals studied by CMR techniques, perhaps with simple corrections
for population or species subgroups whose activity patterns in relation to
time and space are reasonably well known.

A number of other methods for estimating absolute population numbers
mainly involve the calculation of regression lines from trapping data.
The well known and widely used Petersen index is based on the assumption
that marked and unmarked animals are equally liable to capture, and on
a number of other assumptions that rarely apply to animals living under
natural conditions. In addition to the bias caused by nonrandom sampling,
referred to earlier, bias can also result from unpredictable immigration or
emigration.

Hayne (37) proposed a simple linear regression method for relatmg
daily catches to the numbers of animals captured during the previous
days, and this approach was suggested as a standard procedure to be
applied at the beginning of the International Biological Programme studies
by the use of standard minimum grids (30). It was thought that individual
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temperate zones is usually composed of fewer species than in the tropics.
Thus wild rodent populations in temperate zones consist of a few species
abundant at certain seasons, whereas tropical rodent populations may be
composed of many species, few of which, or none, contain very large
numbers of individuals. : :

Reproductive patterns also differ in tropical and temperate zones. In
the former, when seasonal variations occur they usually reflect the influence
of wet and dry seasons ; in the latter, temperature and photoperiodicity
are the factors most closely associated with reproductive patterns. Unlike
temperate zone species, most tropical rodents breed throughout the year.
These differences are important in relation to the disease reservoir potential
of rodents because a species breeding evenly throughout the year is less
subject to epizootics than is a population augmented with large numbers
of young during relatively brief periods.

The spatial distribution and movement patterns are different in forest,
grassland, and desert rodents and in tropical forests there are more arboreal
species than in temperate forests. Desert rodents such as Meriones and
Allactaga often move over considerable areas, whereas some grassland
rodents, including various species of Microtus, have quite circumscribed
daily movement patterns. SR .

The standardization of field survey methods is desirable but the examples
given above demonstrate that standardization can only be achieved effec-
tively within similar habitats. For population estimates, trapping tech-
niques must be varied in the field, although the same principles apply in
all'cases. Studies on rodent reproduction must reflect the natural environ-
mental cycles, or the absence of such cycles, in the areas studied.

These differences are less marked in rodent populations living in close
association with man because the human habitat modifies the natural
environment. Hence, comparisons between rodent populations in different
urban areas representing different ecosystems are generally more easily
made than are those between rodents living in other habitats.

4. RODENT CONTROL AND MANAGEMENT

4.1 Environmental changes

Changes made in the environment to exclude rodents from particular
areas can have an immediate effect in preventing further structural damage
to buildings, destruction of food, and harm to man and his domestic
animals caused by pest species. Such modifications; by altering the rodent-
supporting capacity of- the environment, can also bring about natural
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reductions in pest populations (55). Good design of building structures or
the rodent-proofing of existing structures can exclude rodents from living
areas. Where an open type of construction precludes this kind of action
other ways to protect stored and fresh foods must be found. This is often
achieved with low-cost local materials and simple technology but far too
little attention has been paid to this approach (56). Even simple measures
such as stacking maize cobs with the stalk ends exposed may significantly
reduce rodent damage.

The improved handling and disposal of refuse reduces the harbourage
and food available to rodents and thereby lowers the carrying capacity
of the environment. Proper refuse-storing containers should be used in
urban complexes and the refuse collected regularly and disposed of hygien-
ically. A refuse problem on a smaller scale also occurs in villages and has
seldom been adequately dealt with in the developing countries..

Various traditional practices, often carried out without any particular
concern for their effects on rodents, may have an impact on these pests.
Open ground cleared of all vegetation around buildings or fields growing
important crops reduces rodent movements into these areas. Crop rotation,
multiple. cropping, harvesting practices, fertilizer and pesticide applica-
tions, etc., may either reduce the number of rodents or facilitate their
survival. Small fields, with a correspondingly high ratio of perimeter or
bank length to enclosed area, may favour an abundance of rodents. Yet
such management practices have rarely been systematically studied or used
in relation to rodent control (19).

The behaviour of people is also of a great significance in rodent control
A change of attitude towards the use of garbage cans or dust bins, the
closing or sealing of grain stores after use, the elimination rather than the
construction of close fencing around dwellings, and the consolidation of
agricultural land rather than the maintenance of small plots may all be
more important factors than specific construction or management pro-
grammes (57, 58). Environmental improvements made in an effort to
reduce the numbers of rodent pests often also reduce other pests, including
flies, cockroaches, and mosquitos, lower the disease transmission potential
in the locality, and enhance the aesthetic qualities of residential areas.

4.2 Rodenticides

4.2.1 Standardization and specifications.

As the manufacture, labelling, and use of pesticides come increasingly
under governmental control, the adoption of common standards and
procedures assumes greater importance. Efforts are now being made to
develop revised standards for the testing and use of toxicants and they
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should be coordinated in order to achieve as broad a common basis as
possible for establishing appropriate regulations.

It should also be recognized that very detailed testing of the biological
and pharmacological properties and the efficacy of biologically active
substances is now required in many developed countries and proposed in
others. As far as possible, and when appropriate, the results of such tests
on pesticides should be accepted by the developing countries for registra-
tion purposes. To require further evidence to be provided could delay or
prevent the use of pesticides in situations where they are badly needed.
In this connexion, the Scientific Group urged pesticide manufacturers to
ensure that their testing procedures meet the requirements of users in the
developing countries.

Manufacturing, assay, and formulation standards for rodenticides need
to be raised. Recent experience with warfarin, for example, indicates that
manufacturing impurities may significantly affect the acceptance of poison
bait by rodents (59). Specifications for pesticides used in public health
have been published by WHO (60) and this work should be expanded in
coordination with FAO to meet special agricultural requirements.

The Scientific Group emphasized that continued regard for the safety
in use of rodenticide formulations is essential and recommended that the
WHO Expert Committee on Insecticides, which has reported on the hazards
of poisons that could be used to replace anticoagulants in situations where
resistance to these substances has appeared among rodents (61), should be
requested to report on other commonly used and readily available rodenti-
cides. The Scientific Group pointed out that for controlling many species
of rodents of both public health and agricultural importance anticoagulants
are either relatively ineffective or their use is uneconomical.

In establishing the health hazards of rodenticides, it is important to
consider where and how -these substances will be used. For example, a
failure to distinguish between the effects of DDT when applied for agricul-
tural purposes and when used in urban areas has led to the total banning
of DDT in many countries, with the result that in those countries the safe
and effective use of DDT in rodenticidal tracking dusts against house
mice (62) is no longer possible.

4.2.2 The need to extend the use and testing of existing chemicals

The existing rodenticides can be divided into two groups: the quick-
acting or acute, single-dose poisons and the slow-acting or chronic,
multiple dose poisons, such as the anticoagulants. Bentley (63), Brooks (64),

-and Gratz (65) have reviewed the characteristics of these rodenticides.

The choice of a rodenticide for testing on rodent species not previously
investigated depends on the particular situation and the local conditions.
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An examination of the advantages and drawbacks characterizing -the two
groups indicates where and when the different poisons are most hkely to
be useful.

At first, -acute poisons. k111 rodents qulckly and the cost of bait and
labour may be quite low. However, the ingestion of sublethal doses of
p01son may cause the rodents to refuse the bait more or-less completely ;
in such cases, prebaiting with unpoisoned bait is often necessary to obtain
satlsfactory results. Sometimes, more applications of pre- and poison
bait, using different bait: bases are requlred whlch raises the cost of the
control operation. ~ :

The use of antlcoagulants avoxds problems of bait refusal after sub-
lethal doses since the symptoms of poisoning normally do not appear until
long after the rodent has consumed a lethal dose. However, the need for
repeated baitings resulting' in the use of relatively large amounts: of bait -is
a drawback, particularly in-countries with a severe food shortage.

‘Rodenticides may ‘be applied in one or more of the following formula-
tions : baits, -liquids,--dusts,-sprays, or gas. Baits are -the most:common
type of formulation, but a knowledge of the feeding habits of the ‘species
is fundamental to the correct choice of bait, and different bait bases should
be compared in.-the laboratory or, preferably, in the field. In areas
suffering from ‘a food shortage care must be taken not to .lay out bait
attractive to man, and the addltlon of a bright dye to the balt as a warnmg
may be desirable. -

‘Liquid baits -are’ preferable ‘when plenty of food is ava11ab1e to the
rodents, particularly in an .arid environment, or if there is a risk of con-
taminating human food. - Not many rodenticides are available .as 11qu1ds
and more research is needed to discover if other poisons could be used in
this way:-

Acute “or- slow-actlng rodenticides formulated as dusts or tracklng
powders to be blown: into burrows- or placed in holes or along runways,
are often very effective’and overcome the problems of unpalatability. and
bait shyness. The rodenticide may .also be combined with an insecticide to
control the ectoparasites. -Most anticoagulants and a few acute poisons
are available as dust formulations and some others have a potential value
for this type of use.

Sprays have often been used effectively in intensive control methods
against field rodents. Since the chlorinated hydrocarbons used at one time
for this purpose are now widely banned, a specific spray is required for
many field rodents in all parts of the world. The fumigation- of rodent
burrows with highly toxic gases may be very effective against the rodents
and their ectoparasites, but should not be carried out close to human
dwellings. :
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In general, the application of rodenticides in formulations that do not
involve the use of human food needs much more investigation. The
Scientific Group drew attention to the fact that for testing most of the
common rodenticides and their various formulations the Norway rat, the
roof rat, and the house mouse are used almost exclusively. One of the
most urgent needs in rodent control work is to include other rodents of
public heaith and agricultural importance in testing programmes, par-
ticularly in the developing countries.

4.2.3 Resistance

Some populations of three of the most common and harmful rodent
species (Rattus norvegicus, R. rattus, and Mus musculus) are now resistant
to anticoagulant rodenticides in several parts of Europe and the USA
where these poisons have been used routinely for a number of years (66,
67, 68, 69). As it is likely that resistance exists or may arise in these or
other species of rodent in other countries, the Scientific Group recommended
that basic data on the susceptibility of rodents to any rodenticide intro-
duced into a new area should be made available by WHO to Member
States. These data may be obtained during the initial testing of the rodenti-
cide. After the compound has been in use for a few years the current
susceptibility of rodents should be compared with the original data.

WHO has developed a provisional procedure using warfarin for deter-
mining the susceptibility of rodents to this and other anticoagulants (62).
Test kits are available* and this procedure should be as widely used as
possible. Data on different species from various geographic areas should
be obtained by means of these kits; a record should be kept of daily
feeding data for each test animal as this information is essential for
evalvation. It would be useful if the data could be presented to the meeting
of the WHO Expert Committee on Resistance of Vectors and Reservoirs
to Pesticides planned for 1975. '

The biochemical basis of anticoagulant resistance in rats is far from
being well understood. In fact, several distinct mechanisms may be in-
volved. Current research suggests that pathways of vitamin K involvement
in prothrombin synthesis are modified, thereby affecting the clotting
mechanism of the blood, but there is no agreement on the details (66, 70,
71). The genetics and physiology of widespread resistance in the house
mouse have hardly been examined (69). An understanding of the physio-
logical and biochemical actions of rodenticides and the genetics ‘of resis-

1 Further information and test kits and instructions for using them can be obtained
from Vector Biology and Control, World Health Organization, 1211 Geneva 27, Switzer-
land. . .
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tance ! will facilitate both the identification of candidate rodenticidal com-
pounds and the application of counter measures if resistance occurs. The
Scientific Group recommended that WHO should continue to encourage
investigations on the biochemistry and genetics of rodenticidal activity,
emphasizing, however, that anticoagulants are still effective almost every-
where. Wherever possible, the continued use of these substances is
strongly recommended. - :

4.2.4 New rodenticides

The number of effective chemical agents for killing rodents (63, 64, 65)
has always been extremely small compared with, for example, the number
of insecticides available. In view of the appearance of resistance to anti-
coagulants and a growing desire to replace the most hazardous compounds
with safer ones, the search for new rodenticides and new formulations has
been intensified in recent years.

Among the comparatively new rodenticides is norbormlde, which is
very safe in relation to non-target animals and not very toxic for at least
one species of rodent—namely, Mus musculus. So far, it has only been
shown to be reasonably effective against Rattus norvegicus and R. rattus.
Efforts are still being made to improve the effectiveness of this compound
by developing a suitable method of micro-encapsulation. Another sub-
stance, a-chloralose, is apparently only useful agamst M. musculus, and
then only when the environmental temperature is low. A combination of
calciferol and warfarin has only just become available commercially
following laboratory tests and field trials. The test results indicate that this
mlght be one of the most useful developments in the field of rodenticides
in recent times, particularly because this combination has the ability to
kill anticoagulant-resistant Norway rats and house mice. However, the
results of trials against roof rats and other species are needed before its
value for widespread use in all parts of the world can be assessed. It is still
too soon to assess the potential of some other chemicals, such as RS-150 2
and a chlorine analogue of vitamin K, now in the developmental stage.

Clearly, there is still a great need for new rodenticides and this need is
likely to persist for many years. However, because of the comparatively
small financial returns from rodenticides compared with the development
costs, the chemical industry is often unwilling to enter this field. Govern-

1 Greaves, J. H. (1970) Genetics of resistance to rodent:czdes, unpublished WHO
working document VBC/70.246. A limited number of copies of this document are avail-
able to persons officially or professionally interested from Vector Biology and Control,
World Health Organization, 1211 Geneva 27, Switzerland.

2 The manufacturer’s designation for 1-(4-chlorophenyl) 2,8,9-trioxa-5-aza-1-silabi-
cyclo[3.3.3]undecane.
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ments should therefore support the search for new rodenticides and formu-
lations, perhaps by providing laboratory and field testing facilities. In
addition, more physiological and biochemical research is needed in fields
likely to lead to a better understanding of rodenticidal action as a basis for
the development of new and more effective rodenticides.

4.3 Other rodent control techniques

4.3.1 General

Many techniques that are seldom completely effective alone can often
be used to supplement environmental modifications and the use of rodenti-
cides to reduce rodent numbers. Brooks (64) and Shuyler (72) have reviewed
this topic and only selected techniques are discussed here.

4.3.2 Behavioural alteration

Some chemicals have apparently been used successfully as repellents to
prevent rodents from eating seeds and damaging underground cables.
Further investigations in this field are to be encouraged since a means to
prevent rodent damage to packaged foods, or even to repell rodents from
food stores or dwellings may eventually be discovered. Chemicals that
affect the central nervous system, such as 5-aminopyridine used to control
some birds, are also potentlally capable of altering the behaviour of rodents.
Still further in the future is the possibility of using pheromones in the
management of rodent populations. The effectiveness of ultrasound as a
repellent is still not proved and the use of lasers, although suggested
remains untrred

4.3.3 Biological agents

Predators, parasites, and pathogens all contribute to the natural regu-
lation of rodent numbers, although no single organism appears to have a
generally significant potential for control. Salmonella cultures have been
used in rodent control but there seems to be no basis for reconsidering the
recommendation of a Joint WHO/FAO Expert Committee on Zoonoses
(73) that this method should- not be employed. The Scientific Group
noted, however, that the myxoma virus has apparently been effective in
reducing the European rabbit populations in some areas, but resistance to
the infection has developed. In certain instances, cats and dogs have
proved useful in rodent control but their predation is not species specific.
Snakes, owls, and even diurnal predatory bll‘dS are possrbly important
agents of control in some places. .
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The search for effective, target-specific-organisms should be encouraged
and perhaps concentrated on internal parasites, which when present in large
numbers in individual animals may lead to high fatality or greatly reduced
reproduction rates in the populatlon

4.3.4 Chemosterilants

Chemicals that effectively interfere with the reproductive process in
rodents have been under development in recent years and some promising
compounds are now being tested. The limited use of chemosterilants to
supplement other control measures in certain situations. is- likely to be
possible in the future. v

43.5 T rapping and other }échniqt}es | _

Trapping as a means of reducing rodent numbers has seldom proved
effective as the only, or even the major, component of a control programme ;
it is useful, however, in controlling localized infestations. While the con-
tinued 1mprovement of trapping techmques is to be encouraged, the likeli-
hood of major developments taking place is not great because the method
has been used -and. investigated for many centuries. Some improvements
may come from technical advances in trapping techniques for rodent
population studies. In view of the need to provide useful employment
opportunities in the rural and urban areas of many of the developing
countries, consideration may be given to carefully . superv1sed trapping to
supplement other rodent control activities.

A much newer concept in rodent control is the 1ntroduct10n of large
numbers of sterile males into existing populations, thereby reducing the
fertilization rate of the females. However, the sterile male techmque is
expected to be of only limited value in this field.

4.4 Integrated large scale control

In order to make the best use of hmlted resources in 1mp1ement1ng
successful large scale rodent control Pprogrammes, whether in urban or
rural areas, certain information is required in addition to details about
rodent ecology (see pp. 13-21) and particular control techniques (see
sections 4.1, 4.2, and 4.3). The programme supervisor must know the
most appropriate combination of techniques for the particular type of area
in which the work is to be done, the number of personnel and -the skills
required, and the cost of achieving an initial reduction in rodent numbers
and of subsequently maintaining the rodent population at or below a
certain level. These elements of the control programme depend to a large
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extent on factors such as the extent to which the local population is willing
to participate and the acceptable level of risk inherent in the control method
for non-target species, including man.

Probably the most satisfactory way of evaluating these various con-
siderations is to carry out one or more pilot projects before committing
relatively large sums of money to extensive rodent control programmes.
Some work along these lines is being undertaken in urban rat control in
the United Kingdom (I6), village rat control in India (see reference 74,
for example), and the control of rice-field rats in the Philippines (75).
However, much preliminary work remains to be done in these and other
types of habitat. In particular, pilot schemes are needed in some of the
large cities of Asia where there are dense rodent populations,' and the
Scientific Group strongly recommended that WHO should study the use-
fulness of the pilot scheme concept in at least one of these cities as a basis
for a more ambitious programme of rodent control. A study of this kind
is needed before any recommendations can be made for setting up pilot
schemes elsewhere.

An essential requirement for studies of pilot schemes in rodent control
is the adoption or development of a census technique appropriate to the
type of habitat and the rodent species concerned (see section 3.5. 1). This
census technique, or perhaps another developed during the pilot scheme,
must be suitable for use in monitoring the success of large-scale, long-
term, integrated rodent control programmes. Another very important
technique in the planning and continued evaluation of integrated control
programmes will be the use of systems analysis and such methods should
also be developed at the pilot scheme stage. '

5. INFORMATION AND TRAINING

5.1 Information

5.1.1 General

To reduce rodent-borne disease through rodent management and other
means requires that adequate information should be readily available to all
concerned. This aim is greatly complicated by the dispersal of the infor-
mation required in many different publications, and adequate library
facilities are extremely expensive. While there has already been some

1 Drummond, D. C. (1973) Rat Control requirements in some large Asian cities,
unpublished WHO working document WHO/VBC/74.487. A limited number of copies
of this document are available to persons officially or professionally interested from
Vector Biology and Control, World Health Organization, 1211 Geneva 27, Switzerland.
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improvement in the communication of information, the Scientific Group
expressed its concern that adequate plans for further improvements should
now be made.

5.1.2. Bibliographies and ,information retrieval

Two bibliographies on rodent pest biology and control covering the
periods 1950-59 and 1960-69 have recently been prepared jointly by
WHO and FAO,! and should greatly facilitate the access to important
information. Since the bibliography is only valid for literature published
between 1950 and 1969, however, the collection and indexing' of the world-
wide literature on rodent pest biology must be continued, beginning with
the year 1970. Plans must now be made and implemented for the rapid
retrieval of information from this literature base. This could be done by
a central group (at a university or scientific institution) cooperating with
both WHO and FAO, and thus aware of the needs of the various Member
States. Retrieval by computer should be an aim of the planning. In view
of the inter-relationship between rodent-borne diseases and various non-
rodent species of vertebrate, and the occurrence of several of these other
vertebrates as agricultural pests, the bibliographical research and infor-
mation retrieval system should be expanded as rapidly as possible to
encompass all vertebrate pest biology and control. ’ '

5.1.3 Publications

The literature on rodent pest biology and control is published in more
than 250 journals covering a wide range of subjects. The smaller volume
of literature on other vertebrate pests is similarly dispersed. The publica-
tion of an international journal dealing specifically with vertebrate pest
biology and control is therefore to be encouraged.

5.2 Educational programmes and materials

There is a serious lack of professional and technical personnel qualified
in public health aspects of rodent ecology and control. This contrasts with
the strong tendency to specialization in medical entomology since the turn
of the century, which is supported extensively by scientific journals, schools
of public health, and specialized training courses in many institutions.

* FAO/WHO bibliography on rodent pest biology and control, 1950-1959, Rome,
1973, parts 1 and 2 ; WHO|FAO bibliography on rodent pest biology and control; 1960~
1969, Geneva, parts 1-4 (documents VBC/71.9, 9a, 9b, 9c). Copies are available on
request from Vector, Biology and Control, World Health Organization, 1211 Geneva 27,
Switzerland. . - .
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Rodent ecology remains largely in the domain of academic biology and to
a lesser degree is included in agricultural studies. The principles of rodent
control are seldom included in the curricula of institutions- of higher
learning, and a knowledge of the relationship between rodent activity and
public health is usually acquired as a result of individual interests and
specific research programmes rather than from formal educational
programmes.

As problems caused by rodents in inhabited areas are mainly due to
apathy and a lack of knowledge, increased efforts should be made by local
authorities to provide public education programmes in rodent control.
The management of rodent populations to keep them within acceptable
levels can only succeed when there is popular support ; the public must
therefore be made aware of the inherent problems and the purposes and
objectives of control programmes. Elementary and secondary schools
should be encouraged to emphasize the importance of community hygiene,
which contributes greatly to freedom from rodents. Where the public
information media, especially radio and television, are widely distributed
they can be used effectively for communicating facts about the dangers
associated with rodents and the steps that should be taken to deal with
them. Well illustrated booklets and verbal communication to groups of
people can also be very useful approaches.

As each continent has many rodent problems of public health impor-
tance that are peculiar to the area, the training of national specialists in
this field should be broadened. The training should emphasize the adap-
tation of established rodent control techniques to local situations of housing,
gram storage, and patterns of agriculture, takmg account of the rodent
species involved. The Rodent Research Center in Los Baiios, Philippines,
supported by the United States Agency for International Development
(USAID) and the UNDP/FAO Rodent Control Research Centre in
Karachi, Pakistan, might serve as examples for regional training centres.

Local or regional training provided through bilateral cooperation
agreements has been most useful. Notable examples are the Philippine-
German Field Rat Control Project, which organized a training seminar in
March 1974, and the Danish International Development Agency/WHO
training seminars presented annually in one of the developing countries—
in 1974 the seminar will be held in Singapore.

Fellowship programmes have made it possible to provide advanced
training for many rodent control personnel, and it is-most desirable that
they should continue. Since the holder of an advanced degree often is
considered for an administrative post, thereby effectively removing him
from the special work: related to his training, it is suggested that specialist
personnel should train-their successors before accepting other posts.
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The Scientific Group drew attention to two WHO publications (I, 76)
suitable for use in rodent control training and recommended that WHO
and FAO should cooperate in producing regional training manuals dealing
with rodents of public health and agricultural importance.

For rodent control personnel:in urban programmes or local extension
services, training should be conducted in the local language and travel
should be kept to the minimum. For programme supervisors or regional
extension officers, meetings with the participation of personnel from
adjacent states or nearby countries should be encouraged.

At all levels the joint interests and responsibilities of the World Health
Organization and the Food and Agriculture Organization should be borne
in mind. Where rodent invasions of stored products and contacts between
field and house rodents and sylvatic reservoirs of disease are involved,
such cooperation is particularly important. -

6. RECOMMENDATIONS

(1) Noting that there are some 354 genera of rodents and approxi-
mately 1 700 recognized species, the Scientific Group urges that the recom-
mendations made. in this report should be applied particularly to rodents
of major public health importance (see Annex table).

(2) Because of the dynamic nature and changing patterns of rodent-
borne disease, more accurate reporting of outbreaks is needed. Although
some of these diseases are reported in certain areas of the world the infor-
mation supplied is not adequate. WHO should assist in collecting the
information required and develop a programme for mapping the distribu-
tion of rodent-borne diseases and the rodent species involved in trans-
mission.

(3) Future studies on rodent-borne diseases should focus on the
ecology of the infectious cycle and determine the exact relationships between
the rodents, vectors (if any), pathogen, and man. The aim of ecological
studies should be to obtain a better understanding of population charac-
teristics, such as density, structure, seasonal variability, and movement
patterns, in relation to the spread of disease. Better methods of population
sampling are needed for these studies, especially simple surveillance tech-
niques to monitor rodent numbers for forecasting population trends and
measuring the success of large-scale control campaigns. Rodent fore-
casting and control activities would also benefit from an intensification of
WHO activities in the-application of simulation modelling and systems
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analysis. The Scientific Group recommends that WHO and FAO should
continue their research activities to develop these techniques and assist
interested bodies by disseminating information about similar techniques
developed by other groups working in this field.

(4) There is still a great need for the design or modification of existing
designs of storage structures that would be suitable for use in villages and
individual dwellings to prevent the contamination and destruction of food
supplies. Governments are urged to undertake development programmes,
if necessary with the help of WHO, FAO, and possibly other international
organizations.

(5) The testing of useful rodenticides now available and the screening
of new compounds should be extended to include not only the Norway rat,
the roof rat, and the house mouse, as at present, but also other important
species (see Annex table). The testing of anticoagulant rodenticides should
be done in such a way as to provide baseline data for the detection of
resistance, should it develop.

(6) WHO and FAO should continue to develop manufacturing, assay,
and formulation standards for rodenticides and to assess their toxicities
for man. Common standards for the testing and use of rodenticides should
also be developed. As a first step in this direction it would be useful if the
Rodenticide Panel of the European Plant Protection Organization’s
Working Party on Pesticides in Plant Protection and the Sub-Committee
on Vertebrate Pesticides of the American Society for the Testing of Materials
would exchange information on their prospective proposals and activities
with one another and with other interested bodies.

(7) One of the most serious defects in current rodent control work is the
lack of knowledge on the best way of integrating the various individual
control methods into large-scale control campaigns under different social
and economic conditions. It should be possible to remedy this situation
by means of pilot schemes, and the Scientific Group therefore urges WHO
to undertake field studies on the usefulness of pilot rodent control schemes
as a preliminary to more ambitious work in a suitable large city in a
developing country.

(8) WHO in collaboration with FAO should continue to expand its
activities dealing with information and training in the rodent control field
along the lines indicated in this report, and should broaden their scope to
include other vertebrate pests of public health importance. The possibility
of producing regional training manuals on vertebrate pest control should
be investigated.
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Annex

FAMILIES OF RODENTS, NUMBERS OF GENERA AND SPECIES,
DISTRIBUTION, REPRESENTATIVE GENERA,
~ AND ASSOCIATED HUMAN DISEASES

The following table shows the 34 families of rodents, the number of
genera and species in each, their common names, and general distributions.
A list of associated human health problems is also included. It is based on
standard references but is not comprehensive.

Most of the rodent-associated human diseases have been linked with
the more abundant and widely distributed families and genera of rodents
but many publications do not provide proper taxonomic determinations,
referring only to “mice”, “rats”, or “rodents”. Thus the role of many
rodent groups in infectious cycles involving man is poorly known, especially
in the developing countries. Many groups of rodents also cause extensive
damage to crops and stored food supplies.

For convenience, two of the larger families are subdivided into sub-
families, in which case.the number of genera and species in each subfamily
are placed in parentheses. The classification follows Simpson (77) and the
numbers of species and family distributions follow Anderson & Jones (78).
Representative and important genera are listed and those genera for which
more information is required, especially regarding susceptibility to rodenti-
cides and other means of control, are marked with an asterisk (¥).
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