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Ireliminery Survey, Collection of Basic Datas, isssessment
of the Needs

Frelimjinary survey -- -A rcdent problem has been reported.
You are requested to investigate. What should your
preliminary survey include 7

Biopoljiticgs. Become familiar with what branches of various
government levels are involved with the rodent problems.
Rodent control is very much a people problem. Ls must

be said over and over again, killing rodents is not 4iffi-
cults the problem is to develop a safe and economical
programme that will work: effectively with the biopolitiecal
situation which exists.

Define the problem. Make sure that you have clearly defined

what the rodent problem consists of, and that you have been
able to express it in writing. Unless the problem has been
described in writteén words, it probadbly has not been ade-
quately thought through. Is the problem important because

of its significance to public health, agriculture, stored foods
or field crops ? Is it a general nuisance or an unusual prob-

lém situation, a perennial or temporary problem ?

Examples. What specific examples can be found to define the
problem 7. What specific damage has ccourred T How.extensive
are the losses thought tc be 7

Rodent control, especially of rats and mice, is complemen-

tary to. othér procedumes for maintaining a cleaner -and
more sanitary community, since effective rat control is bene-
fited by frequent garbage collection, a good sewage disposal
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and storm drainage system, and general cleanliness in the
municipality. Ratg do not recognize municipal, county,
or other governmental boundaries any more than they recog-

nize individual property lines.

It is worth noting that the presence of a high rat popula=-
tion is often a symptom of some other greater social and
comnunity problen. Rats exist in s community‘today only
becauset 1) of man'!s indifference; 2) his lack of
recognition of both the dangerous health hazards and the
magnitude of the economic losses caused by ratsy or

3) he either does not have the necessary materials or

knowledge as to how to control the rats,.

Beological factors. 4re there significent enviropmental
factors that have created the rodent problem 7 - Higher yield-
ing varieties of rice and other cereals are often the ones
most seriously attacked by rodents. If the habitat has been
altered, is there‘an ecological sclution to the problem T
Note the population of non-target species such as domestic
animals that will have to be considered prior to the use of
toxic rodenticides. Are crop stofage facilities adequate
and rodent proof 7  Animal control is not the killing of

a few objectionable animals, but is applied ecology.

Usually it is the regulation of population densities of
species that have Recome troublesome because of -their
increased dénsity, often as a result of man's agriculture

or other modification of the environment. 411 control
measures should be based on a proper translation of ecolo-

gical factors into effective mmmmgement policy.
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The Collection of Basic Data

Species jdentification. The number of kinds (species or
subspecies) of rodents present varies greatly in different

parts of the world, and their proper identification is often
difficult, even to the species level. This is true with both
the field rodents and the commensal rodents. Even the different
kinds of rats of the genus Ratiug present in gome localities are
difficult to identify. But it is usually quite important

that rodent p2sts be properly identified at least~tv“the

speclies level, because the kinds of rodenticides used and

the méthods of control can vary depending upon the species.

For example,; sometimes placding all of the anticoagulant bait
stations at ground level does not control all of the roof

rate (R.rattus).
Determining popuiation dengity. . It is extremely difficult

to census a fodent population, and it is,usﬁally necegsary
to unse relative densities, that is the.sign pr -the. number
of animals trapped is more or less than at some other loca-
tion or over 2 period of time. Using the most practical
criteria, the success of a tontrol operation may be based
on the relative differonce between the pre-and post-census,
On what bases are criteria to be selected ?°

Sign. These include sounde of rats in buildings (gnawing,
cléwing; rﬁnning and climbing, various squeaks, and fighting
noises); the size, number, and freshness of droppingss$ urine
stains on stored foods identified with ultraviolet light;
smudge marks on pipes and beams made from the 0il and dirt

on the fur of rats; runways on the ground or well-polished
trails next tc walls or between stored goods; footprints or
tail marks in dust, sand, or muddy places; presence of
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gnawed wood chips or other material, which sometimes
reveal sign of tooth marks to help distinguish between
rats and mice; visual sighting of rats in daytime gene-
rally indicates a high population; night observations
with a2 powerful flashlight are often helpful; nests and
food caches; behavicur of cats, dogs or other pets may
indicate pfesence of rodents; and sometimes rat or mouse

odours will indicate their presence,.

Trapping. Some rodents are easily trapped by live traps or
kill traps, butyin gereral, rats are quite diffieult %o trap.
This method is generally too difficult and time-consuming to
bg practioa} in the collection of basic dajfa, With. many
field rodents, fairly useful estimates of the relative number
of individuals present can be determined by setting a fixed
number of snap traps for cne to three nights before a contrel
operation and then follow with the same number of trap-nights
(number of traps times the number of nights traps were set)

after the sontrol.

Amount of food eaten. Some estimate of the minimum number of

rodents present can be obtained by placing measured amounts
of non-toxic bait in various locations for a week or so and
rocording the maximum amount consumed during any one night.
With rats, this amount cen be divided by 10 grams to obtain
e rough estimate of the minimum number of animals that were
feeding on the bazit. This method is seldom practical with
rats, however, because it may tazke them too long to start
feeding on the bait, it is tco difficult to keep other
animals from eating it, the rats may have too much other
food availale to spend-muoh time‘feeding on the bait, or,
even if it is a ground food,ran occasiocnal rat may cache

far more than it eats.
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‘Tracking patches. Tale or flour can be spread along walls

or wherever rodents would be expected to travel, and then
eiaﬁined for several days to determine whether rodent

tracks appear on them. Even though some animals may at

first shy from these tracking dusts, it is still one of the
most pfactical ways of determining whether or not rodents

are in a building. It is so sensitive -that is-is-hard to use
for determining relative densities. . In Korea it was found
that wheat flour worked better than talc and that patches

put out only one night gave reliable results. also, it is

posgible to distinguish between mouse and rat tracks.,

Boit spots. 4 food item, such as a single kernel of ear corn,
a sunflower 'seed, or scme other fcod item can be piacéd at a
strategic location where rats or other rodents are likely to
visit. The number of these individﬁal baits that are taken
overnight are an indicetion of the relative.number of commensal
or field rodents present. They can be dyed with a food dye or
some other non-repellent dye to make them easier to locate

and identify.

Review previous control efforts. It is very worthwhile often

to analyze carefully why previous attempts to correct a rodent
problem may have-failed befcre starting another programme.

Too dften the same mistakes are repeated because programmes
which have failed '‘are seldom well documernted..  Good pocints

of previous programmes should also be considered in new control
efforts.

Egtablish commynications. It is generally vworthwhile to make

many inquiries before launching a control programme. Visit
as many officials and individuals related to the problem as is
possible, and it will be surprising how much you will learn
about the history of the rodent problem you are concerned
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(2)

about and previocus mistakes that were made in attempting to

éope with the same problem. Most people find it difficult

to ask guestions. They fail to realize that to ask someone
a question is a form of flattery %o that person, and your

gesture of humility will usually be appreciated,

agsessment of the Needs

folitical suppcrt. There is little chance of obtaining support

for a rodent control programme from individual property owners

if local and national governments fail to support the programme,

¥ith rat control how can individuals be expected to do their
part if gvernment fails to control the rats-in agreas under
their jurisdiction like public waste dumps, sewers, parks, etc ?
How can homeowners be expected to rat procf ~their houses and

practice good sanitation if government does not set an example 7

Leadership. To kill some ratsg is quite simple, but to effec-
tively control a rat populaticn requires trained personnel.
This will be discussed further in ancther section cf the

Seminar.

Before rodent control campaigns can be—effective, the admini-
strative organization must be properly structured. A first
premise to any area-wide or community-wide rodent control
programme is to establish the correct administrative_respon-
sibility. Without precise designation of the various channels
of authority; it 19 impossgidble to co-ordinate the other aspects
of a successful control programme such as public health,
sanitation, garbage collection, sewage disposal,. street

repair, building construction codes, and other gctivities

related to rodent infestations.
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Back-up research. No permanent rodent control, programme
will be any beitter than the back-up basic and applied
research unit studying the problem. Rodent controel,
unfortunately, is highly unsophisticated and much more
research is needed throughcut the world.

Funds_and_equipment: The basic reason nearly every gereal
erop in. some parts of the world is dameged by rodentas at

one stage or another, either in the field or storage, -is
bgeause 8o little resources have been available for- coping
with these.prcblems. This field of science ia still.quite
ynsophigticated, even in the developed countries. No rodent
control programme will be successful if it is inadequately

funded and the necessary equipment is not awvailable.

For a control operation to be successful, the bait materials
wust be of .good quality,  Many a programme has failed because
there was an -attempt to save money by using inferior bait
materjals or toxicants. Blenders and mixers are essential
for formalating godd baits. Troper safety devices and
equipment must be available for the safety of the formulator
or the:applicator.

There is a good deal of technical information available in
the worlkd about the more common rodents, a2lthough this
knowledge. ip scanty and based on limited research compared
to what is known about the economically significant kinds

of inseets, plant and animal diseases, wegds, crops and

livestock., The methodology of rodent control in the United
States of Lmerica, and throughout the world, ias not very
sophisticated, and the solutions to wany rodent and other
vertebrate pest problems often cannot be found in other
countries but will have to be researched, in part, in-each
country.
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II. .Sirategy and ilans of Contrcl irogrammes

fi, Flanning -- It hardly needs mentioning, since it is so
obvious, that no rodent control programme should bhe initiated
until it has hbeen very carefully planned and outlined in
writing to the minutest detail.

B, dhy rat control progreammes frequently fail -- How-to control

rats is not complicated. There zre a variety of effective

rodent control tools available, Methodology for rat control -

ineluding dry and liquid poiscn baits, tracking powders, traps,
rat proofing, end environmental sanitation - is well known,.

Then why are many rodent control programmes failures ?

Effective rat control is not just a matter of using the best

bielogical control procedures, but more importantly it requires

& thorough knowledge of the various human reletionships that
are inveolved, The most complicated part of a successful
rat control programme is to analyze properly and ceompletely

211 of the economiec, scecial, and political aspects of the

programnme. No control programme will be successful unless all

of the scheduled steps involved are completely acceptable to
government and also the people who will be ‘affected by the

control operation.

No rat control programme will succeed unless it is designed

so that the people concernsd will give it their enthusiastic

support. - .n ideal rat control programme, as far as methodology

is concerned, wmay ultimately £ail because for some, often cbscure,

reason it proved unworkable with the cultural., philecsophical,
or political aspects of the people: the programme was designed
to serve. Usually it either costs too much or expecis toc
muich voluntary support from the people before the programme
could possibly succeed.
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Even the best researched rcdent control programme may feil
if there is inadequate publicity. The most diffioult part
of ‘any contirol operztion is t¢ create truly enthusiastice
‘gupport from those who are to benefit by the reduwetion in
rodents. Cne common reascn for lack of support is that

the people may lack confidence in the programme -because
previous attempts have failed, or, more likely, they do not
undergtand the merits of the programme sufficiently to share
the pest control operator's optimism,

The most important hurdle to surmount is adequate communica-
tion between the control operators and the people. This

does not mean merely explaining what is .tc be done, but rather the
much more subtle aspects of a2 close communication which pro-
duces deep appreciation and understanding of each other's
thoughts and opinions. This is the type of commbnication

that is extremely difficylt tc obtain between people of diffe-
rent cultural, economie, social, or political backgrounds, yet
it is essential. 1t is far more complicated than designing
the control procedures to be followed. 4nd” this mutual under-
standing should receive the highest priority, for only after

it has been achieved can good decisions be made regarding how
rats should be controlled and kept under contrcl.

Miscellaneous principles of control -- Improperly conducted

rat control programmes are inexcusable and they may create
much criticism, producing widespread emotional bias against
the control operation thet will be difficult to rectify in

the future. However,. control operations must be both realistic

and practical. They need to be simple, inexpensive, éffective

under adverse weather conditions, adaptable to various types of
habitats, and the methodology must not require too frequent
attenticn. Immediate action is often needed .due to political

pressures. Even so, the operation must be based on practical
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needs, intelligent appraisal, and thorough planning.

One important aspect to consider is that if additional
research and improved communications are .alsc undertaken at
the same time, it will mean that the same operation will be

conducted more effectively the next time.,

When field rodents are damaging an agricultural cropy it
usually is necegsary to control thew with poison bait.

Some biologisgts suggest that instead of using poisonms it
would he better to £ind a means of aliering thg habitat

or tc develop a pracedure for harvesting or managing the

crop so as not to provide a suitable habitat. Thig ds a
good princirle, but usually highly impractical since it

is the agricultural crop that makes the habitat suitable

for these species of rodents, and tc stop planting the crop
is not a satisfactory sclution. However, most rodent pests
first invade & crop by immigrating from some cther habitat.
Quite often habitat modificgtion, such as weed or vegetation
control arcund the perirhery of the planted crop, will effec-
tively prevent adjacent populations of pctential rodent pests
from developing which later can disperse into the field con-
taining the agricultural crope. But it may destroy desirable

nesting cover for birds that require this vegetation.

If a dense infestation of rats exigts, it is highly advantage-
ous both economically and from the point of view of comtrol
effectiveness to first use one application of an acute roden-
ticide. If possible, of course, precede this poisoning
operafién with several days of jpre-baiting, using the same
bait material but without the toxic rodenticide. Following
the application of the acute rodenticide, a peimanentkor
maintenance control programme with an anticoagulant (a chronic
rodenticide) should commence. It is desirable to use diffe-
rent kinds of bait material with the two poisons. The

anticoagulant baits will remove any survivors of the acute
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poison and rrevent any immigrating rate from begoming
established in the trected area.

One of the main reascns rat infestations are nct eliminated,

is because effective arca-wide control efforts are not
accomplished. 411 rat populations should be controlled
simultaneously. Usually it is not possible to eradicate

rats comple£ely from large areas because they quickly immigrate
into controlled areas from sewers, drains or other locations
where some weré able to survive.the-control -efferts. Rat-
free conditions can be achieved only if the rats are conitrolled
in all parts of a region or city at the same time, and if
there is also an inspection teawm or reporting mechanism avail-
able to detect promptly the establishment of any new colonies.
Another factor zresponsible for the general lank of rat-frce
conditiona, even though control has been carried out, is the
caamon belief that it is impossible to eradicate rats from

any sizeable area, so no' genuine attempt to do so is txed,
Furthermore, toc often the people doing the contrcl do not

have sufficient knowledge about the behaviour, ecology and
control of rats.  For example, after rats heve been controlled
ip & sizeable area, most new immigrants that move into the area
usually do so by following rivers, streams, ditches, or other
embankments as along roads or railways,

inother imporiant reason why many conirol ocperaticns

fail is because bait acceptance tests were not done prior

o yhe poisoning programme. There is always a:strong incen-
tive to eqonomize with the bait material used, since this is
often the major expense to a control operation. When one
type of bait material only costs half as much as another one,
there will be strong pressures tc use the-cheaper material.
The personrin charge is always tempted to agsure himself that
acceptance of the cheaper bait will probably be adequate.
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even though nc careful field bait acceptance tests have

been conducted to ensure that acceptance will be adeguate,

I+ takes but a small proportion of a population of rats to
refuse a bait to cause the difference between a failure and
effective control. Most successful control operations would
have been a failure if very few additional rats had éurvived,
because it takes very few rats to provide the breeding poten~

tial necessary for the population soon to build up again.

Annual Rodent Control Campaigns -- The reason nost annual rat
control campaigns have not solved the pest problem is because

the necessary follow-up work is not done. Any animal as
prolific as rats and some other small rodents cannot be
effectively controlled by an annual campaign, unless there

are practically no surviving rodents. 1f very many individuals
survive, the population will soon recover due to their high
reproductive potential and the high survival of the young

following a control opération.

With annual campaigns it is impossible to obtain area-wide
coverage, and for cne reason or another many populaticns of
rodents will be missed. Furthermore, it is not possible to
obtain effective control when so many untrained people are
trying 1o use an acute rodenticide. Killing large numbers
of rodents may only provide temporary relief. The objective
should be permanent control aimed at achieving as near a

permanent rodent-free situation as i8& possible.

The only value of most arnual rodent control campaigns is

that they keep the subject before the people, and public
awareness 1s cne requirement of any successful programme.
Where. year-around control is being practised with anti-
coagulants, an annual campaign might be used %o locate any
rat infestation that has been overlooked or, due to Tresistance
or some other reason, has survived previous control efforts.

But onge an urban rat control programme besomes successful,
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there will be little publie interest in annual cawmpaigns,
so they should be discontinued.

Qutline for Rodent Control Irogramme -- It is far more compli-
cated to carry out a successful rodent contrel programme

in a city than it 'is with agriculture, because of the many
more socio-~political problems associated with an urban
environment. The following list covers most of the prin-
ciples concerned with the strategy and plans to consider
when developing a control programme for an urban or field

situstione.

Write out detailed plans
Make a surveys. Determine the extent and severity of the

problem and correctly identify the spteoies involved.

Laws and regmnlations. One must become very familiar with

the various laws and regulations -that pertain to all aspects
of rodent control. O0ften the insistence that certain exist-~
ing laws be enforced will expedite a control operation,
especially those laws that require better sanitation practices.
Those experienced in rodent control should be willing to

recommend any new laws or regulations thai may be needed to
engure an effective control programme.

.Government ptructuring and available co-operation. Complete

familiarity with the many branches of government respomsible
for various aspects of a rodent control programme is essen-
tial. = Too often those regponsible for a rodent control
rrogramme have not established good communications with

the various branches of government and the other agencies

and organizations +that could help with the control operation.
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(5) Budget, equipment, and supplies. Make certain the opera-~

tion will be adeguately financed and that the necessary
equipment and supplies are procured well in advance of their
need. Do not attempt a control operation that exceeds the
available finance and eguipment. .The plan of operation will

vary considerably depending upon resources available.

(6) Communication and educgtion. Good communications.must be

established between all who are related 1o the problem.

The pudblic musit be f11lly informed of urban rat eontrol pro-
granmes, for everyonels co-operation or assistance will be
needed. The mass media (newspapers, etc.) should be used.
Education about the need for rodent control at all levels in
schools is wise, for children will then’ take the information
home to their parents. Films and slide-tape proérammes make
excellent visual aids. The films should indicate the various
things homeowners and shopkeepers can do to control rodents.
Examples are rcdent proofing, proper storage of foodstuffs,

how to deprive rats of water, how to seal holes and . cracks in
foundations, the proper way tc use anticoagulant rodenticides,
how to0 get snap traps, and all aspects of sanitation and genersl

cleanliness and tidiness,

(7) Sanitation, sewerg and drainage, Refuse storage and collec-

tion practices generally need to be improved. Poor sanitation
with open sewers and drainage systems providing rats with
drinking water and good harbourages make urban rat control
extremely difficult. Open garbage and other wasite Ffoods

and refuse can lead to rodent infestations on farms and in
cities. Also, improper storage of foodstuffs -and other

materials often provide suitadble food and cover for rodents.
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(8) Buildinge and street repair. Many dilapidated buildings

should be destroyed and holes in streetd, sidewalks, walls
and buildings, which provide access for rodents to food or
shelter, should be sealed.

(9) Exclusion (rat proofing). The most effective and permanent

form of rodent control is permanently to exclude them by
building them out, that is , make it impossible for the.
rodents to find any access into houses, apartments, hotels,
warehouses, sewer or drainage systems, septic tanks, etc.
411 places where food is stored, processed, prepared, or
.serveddhould be rodent proof, all--openings where water pipes,
electric wires, telephone wires, sewer pipes, drain spouts,
and vents enter = building should be tightly sealed to
prevent rodent access. Doors, windows, screens, and roofs
must be tight-fitting. Rodents even enter buildings through
chimneys that are nct covered with a wire mesh screen. Do

not use gnawable material when rodent proofing.

10) Control methodology. This involves the type of materials
that will be needed and the procedures to follow.

EII., Biclogical and Ecological ispects
Fous Principal Categories ~-- Any attempt to control rodents should

be done in an eoclogical context. This means that if one is
to plan a control programme properly so the operation will be
truly effective, he must fhéroughly understand the £ollowing
characteristics of the rodent species that is to0 be controlled.
It would require oo much space to write couments here about
each of these categories, so they will only be liasted here,

but will be discussed at the Seminar.

(1) Habitat reguirements
(2) Reproductive capabilities
(3) PFood habits
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(4) Life pistory

(5) Social behaviour

(6) Goneral behaviour

(1) Senses (vision, smell, taste, hearing, touch)

(8) Movements

(9) Ehysical abilities (climbing, jumping, diggin awing,
and swimming)
(1I0) Dynamics of structure of populations

B, Fopulation Dynamics -~ is density of a rat population
increases, the reproductive success, that is the number of
young that are successfully reared to weaning age per adult
female and by the entire population, will eventually decline
to more or less that needed tc replace the adults that die.

On the other hand, after a rat population has been reduced TO

or 80 per cent by a2 control cperation, the reproductive success
of the survivors will be greatly increased since all offspring
will then have a much better chance” of surviving. For example,
the main reason the human population has increased so much
during the past century, even though the number of_babies
produced per family has declined, is because such a high
percentage of the children that are born now live long enough
o produce children of their own. For wmost of the time man

has been on this earth, infant mortality was very high.

One of the major concepts that must be understood, if a rodent
control campaign is to be effective permanently, concerns the
population dynamice of the species to be controlled. This

is the term that includes reproduction (number, size, and
frequency of litters prcduced), mortality rates, and various

movements {(home range, immigration, migration and emigration)
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made by individuals, These factors are all ®lated to the
density of the population, weather conditions, the suitability
of habitat (foocd, water, ccver, and breeding places),

presence of other competing species and predators.

The mortality rate is another important aspect of the population
dynamics of rodents, for that is what prevents birth rates from
getting completely out of hand. is the population increases
in density the wmortaslity rate soon increases'rapidly due %o
gself-limitation (o self-regulating mechanism) of rodents.

The rodents then become their own worst enemy; thus prevent-
ing any further increases, after a certain maximum carrying
capacity density is reached. Lmong the varicus ways this:
population self-limitation is achieved there does seem to be
a pituitary-adrenal mechanism that acts as a negative feed-
back, with some species, by reducing the birth rate and
increaging the mortality rate after the population begins to
reach a high density. Unless control operations are highly
successful or permanently maintained by using anticoagulants,
everything seems to favour a rapid recovery in the density

of any population that predators or rodent control operations
have reduced below the carrying capacity of the gpecies in
that particular set of environmental conditions. This
homeostatic mechanism is what caﬁses population densities

to change up or down toward the carrying capacity at any
particular season. The suitability of the environment,

that is the habitat conditions that exist, are also important
factors affecting the population dynamies cf the species.
Where sanitary conditions are poor and much food and cover
are available to rats, for example, the capscity-of the
environment to support a rat population is generally much

greater than in a clean and tidy environuent.
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C.

It is importent toc understand the varicus btiological and
ecological factors which regulate the productivity and
stability of rcdent communities. The ninimum population
density where a population of rodents can still mainteain
jtself {the threshold density) is quite low with rats and
most species of small rodents that produce more than one
litter each year. But once an essentially rat-free condi-
ticn is attained, mcst new invaders will come cne at a tinme
and not have a good chance cf sgurviving. lermanent anti-
coagulant bait stations are a security that helps prevent

any new arrivals from becomning established.

Balance of nature -- It is importent tc nocte that free-living
populations of rodents will not continue to increase indefi-
nitely beyond certein upper limits, even if more food and
shelter are provided, due to the self«limiting mechanisus
which have evolved in all species. These maximum levels of

density are not easily definable for any specific habitat.

When nan altere the environment and introduces exotic vege-
tation (agricultural crcps) or non-native animels, many of the
native speeies will then suffer. Some native species may find
the environmental changes sc favourable that their population
density inoreases far beyond that which was possible under
natural conditicns. Eést rodents are those species which
find these environmental changes by man desirable and are

alsc so well adapted that they are difficult to control,

hence, have remained a pest,

In natural environments the balance of nature is not very
sensitive. That is, if the population density of one species
was somchow drasticﬁlly altered, it would have little immediate

effect on other native species until this loss of individuals
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produced a mcdification in the environment. If by some
magic means all deer in North imerica were suddenly remaved,
it would be very diffieuit to detect this effect on any
other species of-vertebrates until vegetational changes
occurred due tu the lack of grazing and browsing by deer.
The balance of nature becomes upset primarily when man
introduces exotic plants and animals for whichm balance

has evolved, or when he drastically modifies the envircnment
with fire, axe, or plcugh.

IV, Rodenticides (Characteristics)

A Idedl rodenticide -- What is required of an ideal rodenticide ?
Even though no perfect rodenticide exists, what are the desir-
able factors we would like to have present in a rodentiocide ?
For humane reascns, it should produce a painless.death. It
should be highly selective for just the target species and
safe to man, pets, livestock, and other non-target species.

The compound should be readily degraded, so as not to poison
other animals that might eat the poisoned individuals, or to
contaminate water, soil, or vegetation. If not odourless and
tagteless, it must be well accepted by all ages and both sexes
of fhe target species and require'that only a amall anmount of
béit be ccnsumed. It should be easilj counteracted with an
antidote. It should be slow acting so individuals will die
away‘from the bait, or at least it should not creat bait
shyness when sub-lethal amounts are consumed. They should
not cause resistance or immunity to develop. . Re-scceptance

of the rodenticide should be good. Baits made with the roden-
ticide should have 2 long shelf-life so they can be stored until
needed., ‘ ~»lsc, such aﬁ ideal rodenticide should be inexpensive

and easy to formulate into various types of dry and liquid baits.
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B. Lcute Rodenticides

(1)

General commenits. Rodenticides are conveniently divided

into acute and chronic rodenticides. in acute rodenticide
is effective following one feeding, hence it is also called
a single-dose rodenticide in contrast to chronic poisons
that require multiple docses or feedings for more than one

day. Both types of rodenticide are needed.

#11 of the currently marketed acute rodenticides that have
proven to be fairly well accepted by rats and alsd effcetive
are, unfortunately, also toxic, in various degrees, to-a
brecad spectrum of mammals, birds and other wildlife. This
means there is a great risk of poisoning man, pets, livestock
or cther non-target species when an acute rodenticide is usged
by anyone other than a highly trained pest control operator.
i4nd accidental poisoning of non-target species creates
unfavourable public relations that then make it difficult

to create or maintain enthusiastic public support for a new

rodent ccntrol programme.

There are situations, however, where it is desirable to use
acute rodenticides, if put out by itrained people. With
field rodents, it is usually necessary to use an acute poison
because of the expense and labour of attempting to control
field rodents with chronic poisons. One good example of an
exception to this is the control of deer mice'(Peromxscus),

a forest rodent, with but a single broadcasting of either of

two anticoagulants, diphacincne or chlorophacinone.

It is often necessary to use.quick-acting acute rodenticides

in the case of outbreaks of diseases like plague. Vhenever

‘there is a high population of rats, if trained pest control

operators are available, it is often cheaper and more
satisfactory to knock the population down first with an acute

poison, and then follow-up with permanent anticoagulant bait

stations.
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-acute rodenticides wdll. be needed whenever anticoagulmnt
resistance is suspected or if for some other reason the
anticoagulant baiting is not satisfactory. It often is not
practical to use anything but acute rodenticides at garbage
dumps, in sewers and drains, arcund slaughterhouses, and in
some warehouses where it is difficult %o get -the rats to feed

on anticoagulant bait for several days in succession.

Because of the potential of creating bait shynéss, the same
kind of acute rocdenticide should not be used in_the same
locality more than twice a year, and preferably only once.

It is difficult to prevent bait shyness cccurring when acute
rodentieides are used because scme rais fail to consume a-
lethal amcunt before they feel the symptoms. Once a rat
becomes bait shy, this shyness may persist. If an acute
pdson is kept cohtinuously before a rat population, . the bait-
shy adultsg will condition their offspring tc also shy from that
toxic bait. Therefore, if an acute poison miist be uded nore
than once a year, it is best tc cliange both~the kind of bait
and the poison.

(2) 2Zinc phosphide §Zn3221. This is the acute rodenticide used
most frequently in rat control and for many speciss of Tield
rodents. Fre-bai¥ing is recommended when. zinc. phosphide is
used in rat control. Where a poor quality of zinc phosphide
i8 used, a shyness tc the bait may often develop. Zinc phosg=-
phide has & good safety record. Because of its black ocolour,
‘atrong taste, and garliec-like odour many rodents are initially
attracted to it, whereas meny other mammals, but not birds,
find it.less attractive. It is efféctive against both Norway
and roof rats, and also house mice, and generally used at
strengths of 1-1/2 or 2 per cent.
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(3)

(4)

(5)

(6)

(7)
(8)

(9)

Sodium fluorcacetate (1080) and flucrgacetamide (1081).

These and related compounds are some of the most effective

rodenticides known. Because of their hazards to man and
non-target species, they should be used only by professionals
who have the necessary resources properly tc supervige the
operation. In many ountries rigid regulations are placed on
their use. More research is needed on how these materials can

be used more safely.

Red squill or scilliroside. Gives good and safe control of
Norway rats if pre-baiting is done first for several days.

Red squill is ineffective for roof rats.

ANTU or alpha-naphthylthiourea. is with red sqtill, ANTU is not
effective on roof rats, but will give reascnably gocd control
of Norway rats if pre-baiting is conducted prior to actual

baiting.

Norbormide. Safest of all rodenticides because it is toxic to
the genus Rattus only. ucceptance by rats is poor and until
this is overcome it is of value only in very special situations.

lre-~baiting is always a must.
Strychnine. Good for gome field rddents but not effective for rats.
Thallium §u;fate. Effective with rats and other rodents.

Ttes use iz banned in the United States of America because of its
great hazards,

Other acute rodenticides. Materials that are not very effective,

too hazardous, or not readily available include arsenious tri-

oxide, bariumAcarbonate, rhosphorus, Gopﬁacide R, and castrix,
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(10) Experimental compounds. There are s number of potential
acute rogenticides under investigation. This writer and
his colleagues are most excited about a Rohm and Haas Company
experimental product (RH-787) which shows great promise as
being & quite safe and effective acute rodenticide for rat
control, RH=-T787 has been tested by the writer and colleagues
in the U,S5.A. and Korea.

C. Chronic rodenticides -- Most urban rat control in the world
today employs multiple-~dose anticoagulant rcdenticides, which
are cumulative and must be consumed daily for several days to
produce death. Because normally multiple doses are necessary
to be lethal, anticocagulants are reasonably safe for use around
children and pets, for rarely will they continue tc feed
repeatedly without detecticn. Vitamin X or whole blood trans-
fugions are effective antidotes should acecidental ingestion
oceur. Lnticoagulants interfere with the clotting of blood
and the rodents bleed to death, usually from internal haemorrhages.

Birds are relatively resistant to these compounds.

The fact that there are no symptoms perceived by rodents the
firet day they feed on anticoagulants makes it difficult

for them to identify what eventually makes them sick, so

they do not stop eating the bait. Consegquently, bait shyness
does not develop as with chronic poisons. The roof rat and
house mice are not as susceptible to anticoagulants as are

Norway rats, but can be readily controlled with anticoagulants.

Lnticoagulants can be used in dry baits, and their sodium
salts or other soluble salts can be used in water baits.
Where & shortdge GI"dVailable water exists, water can serve

aa an attractive bait. The intervals between feedings should
never exceed 2 days at most, or the toxic effect of anti-

coagulants mey be lost,
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The chemical structure of anticoagulants places them, for
the most part, in two groups; the hydroxyccumarins and
indandiones. 4L few brief remarks will be made about some

of the common anticcagulants.

Lecording to Bentley (1966), the kind of anticoagulants used
in different countries is gquite variable, largely due to
currency regtrictions, varying patent laws, other commere
cial considerations, and that Warfarine has become so well
established that in many places it is difficult for a new
anticosgulant to compete in the existing market. He lists
the following anticoagulants, in addition to Warfarine, as

being favoured in the countries named.

Canada Yival, Coumachlor

Finland Dicoumarin

France Chlorcphacinone, 1M 83, Coumachlor
Germany Coumechlor, Coumatetralyl, Fumarin

Israel Pivalyn

Malaya Coumachlor

Mexico Funmarin

Yhilippines - Fival

UeSais Diphacinone, lival, Fumarin, Valone
U.5.5.1. Na-valone, Na-diphacinone, Chlorcphacinone

No attempt will be made here tc discuss the merits of these
various compounds, but such a discussion will be appropriate
during the Seminar. Two ofmny references that discuss
anticoagulants are Bentley (1966) and Brooks (1973).

Reasons for fajlures with anticoagulantg -~ Howard and Marsh
(1974) present the following suggestions zs to why the

desired control may not be achieved with anticoagulant
rodenticides.
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When baits are well accepited

Time period that bait is exposed dis too short.

Insufficient bait is put out, and none remains from ope
baiting to the next.

Tco few bait stations are used, or some not spaced closely
enough together.

The control programme does not cover a large enough area,
permitting rodents to move in from untreated adjacent areas.

The roéents may be genetically resistant to the anticoagulant.

When baits are poorly accepted

Foor choice of bait or formulated improperly.

Bait station imp;Qperly placed.

Too many other palatable foods present.s

The bait has beeome mouldy, rancid, insect-ridden or contaminated.

The anticoagulant is of poor quality and rodents detect it in
the bait.

Safety precautions with rodenticides =-- A1l rodentioldes should
be considered dangerous enough to cause depth. The main

bazard is in bait formulation, because this requires handling
of the pure compound, technical grades, or concentrates. Those
who formulate .baita should use extreme care, wear rubber gloves,
apron, and respirator. When formulation permits, dilute con-
centrates into a sclution when the container is first opened.
Dnly responsible people, and as few as possible, should be
allowed to handle feohnical or concentrete rodenticides. See
Howard and Marsh {1974) for additional instructions.
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V. Rat Registance to_Anticoagulent Rodenticide

Resistance of rats to anticoagulants first appeared in

Scotland in 1958, then in other parts of the United Kingdom,

in Europe, United States of imerice, and probably exists
elsewhere ag well, Such remistarce is not an acquired tole-
rance. but the consequence of 2 few genetically immune individuals
surviving anticoagulant poisons and then passing this resist-
ance from generation to generation by heredity. For information
on how to determine the susceptibility or resistance of rats

or mice to anticoagulant rodenticides, see instructions pro-
vided by World Health Organization 1970 Technical Report No,

443 140-147.

Principal Methods of Rodent Comrtrol

There is seldonm one method of rodent control that will con-
sistently control all individuals of the target aspecies.
Usually even thé best method needs tc be supplemented with
rodent proofing, sanitation, acute poisons, traps, tracking

powders or some cther form of control.

It is important not to wait until a rodent population builds

up before initiating a control operation. If such-a build-up
can be predjcted, then it is much more economical and effective
toaontrol the population while it is still low, yet obviously a
potential hazard. Very few individuals will have to be
destroyed to make the operation suocessful when the breeding

potential of the population is already low.

The suceess or failure of a control operation is often just the
difference of a few individuals per city block or per hectare.
For example, if the population of rats to be controlled is
about 100 individuesls, the operation might be considered
successful if there were only about two survivcrs, but largely

a8 failure if there were ten or so survivors that could guickly
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again return the population to the environmental capacity of
about 10C rats. hAotually, it is not a good measurement to
evaluate control orerations by using the rercentage of rats
killed, although this is often the casiest means of expressing
the degree cof control. 48 in the above examgle of 100 rats, to
reduce the‘density to only two individuals it would be necessary
tc achieve 98 per cent control. However, if the original popu-
lation consisted of only ten individuals instead of 1CC it would
then only be necessary tc control 90 per cent of the population
to reduce it to just two survivors. The correct measure of the
éuccess of a control operatioﬁ is the breeding potential of the
survivors. This more than aﬁything else is what determines how
quickly the survivors c¢an produce a population density that
again-is more than can be tolerated for health or c¢conomic
reasons. The fewer the survivors, the slower will be the rate
of recovery. With a reduction of only 60 to 7C per cent

of the carrying capacity for rats, the rate of recovery of the
population will be fast indeed, if control efforts are discontinued.

A, Rodenticides -~ To Be discussed at Seminar.

B, Baits and baiting

(1) Formulating baits. Great care must be taken to make the
best baits possible. The ingredients should be selected
only aftér much cvidence indicotes they are the best
materials tc use, based on careful research studies.

ae Bait enhancers. 4 number of ingredients, such as sugar or

vegetable 0ils, can improve the acceﬁtability of rodent baits,

be Bait attractants. TFor a long time pecple have searched for an
"irresistible" odour-lure that could be added to baits. Hith
more research on rodent pheromonce, it is poseible that chemicals
may be isclated that produce odours attractive to specific species

of rodents. In brief, do not add any extraneous materials to
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baits until careful research has proven that they are not
more of a repellent than enhancer or attractant, - This

includes dyes, emetics, and mould inhibitors.

¢e Colouring baits. Aadvantages to colouring baits when accept-
ance is not affected include: 1) helps prevent accidental
donsumption by people; 2) reduces the hazard of feeding bait to
pets and livestock; 3) can be used tc indicate which toxi-
cant has been used on a cersal bait; 4) dyes help bait
formulators know whether bait ingredients have been thoroughly
mixed; and 5) brightly coloured baits are less attractive
tc many kinds of birds.

(2) Bait preference tests. A good bait material is often what

the species to be controlled is feeding on in that locality.
Bait preference tests are not the same as pre-baiting, but
testg designed to indicate which type of bait is most pre-
ferred. To make this deterwmination 100-gram piles of several
potential non-toxic baits should be exposed in from two to ten
locations depending on size and variabiliiy of the hebitats.

These should be put out for three days and checked- each day.

(3) Ere-baiting. Pre-baiting is the placement-of unpeisoned bait
for one to five days to create a high bait acceptance before
the toxic bait is exposed. It ig often essential for good
bait acceptance to pre-bait prior to using acute rodenticides.
Often it is not done for economical reasons, but in the long
run it would have actually been cheaper to pre-bait sincs then the
success of the control operation may have been so much better

that fewer re-treatments would be needed.
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Remove uneaten prebait before poisoning. Sometimes one
day can be skipped between pre-baiting and the control
operations toc enhance the appetite of  the rodents.

The amount of pre=bait consumed will indicate the

umaximum amount of toxic bait to use, since. less of the

poison bait will be eaten than of the prebait. If
acceptance of the pre-bait is pcor, then do not uae

toxic bait until the acceptance problem has been corrected.

"‘Bait placement. How to distribute the bait and how much

bait to use can be more important than the type of bait used.
Overbaiting creates undesirable environmental ‘hazards, and
underbaiting with an acute rodenticide leads to bait or
toxicant shyness. Baits should never be placed where they
create hazards to c¢hildren, pets, livestock and other

non-target species.

(5) Bait stations (boit boxas). When controlling rodents with

anticoagulant baits, it is desirahle to do so in some type
of; device that will provide security for the rodent while it
is feeding on the bait, plus reducing the hazard that non-
target species will be able to eat the bait.

There are several important reasors for using only non-toxic
pre-bait when bait boxes are first set out, and for keeping
only non-toxic pre-bait in the bait staﬁions-fdr one week.

The best reason is for safety. This provjdes one week to
determine whetler children, dogs, cats or other non-target
animals might have access to the bait and to determine whether

_there are other unsuspected hazards of uasing toxic bait at

that location, Secondly, the amount of the non-toxic bait
eaten by rats will provide a rough index of the number of
rats present (one form of pre—treafment population census) .
Thirdlj, if the rodents do not feed on the non-toxic bait,
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(6)-

(1)

ViI.

h.

either there are non present or a more attractive bait

must be obtained; whereas, if toxic bait had been used

at the beginning, the mistzken conclusion might have been
taken that the poison was ineffective or unacceptable to

the rcdents. The latter will bte true only if the pre=bait
is cconsumed and the ftoxic bait exposed later is not accepted.
Such examples of poor acceptance of a toxicant can best be
confirmed by also using a non~toxic flour or talec dust so
that the footprints and tail dragging marks will verify that
é rodent has entered the bait station but did not consune
the bait.

Water baits. Water containing a rodenticide canbe effective
in centrolling rats in localities where their access to
water is limited. Both acute and chronic rodenticides

are used in weater baits, but close supervision is needed

if dangerous acute poisons are used.

Faraffin bait blockg. inticcagulant baits enmbedded in paraf-
fin to form solid bait blocks with wire hoocks or stakes
attached are useful where for some other reason lcose-type
baits cannot be used effectively, for example, where there

is too much meoisture. They are often used to contreol rats
and muskrats along ditches and for rat contrcl in sewers and
some buildings. They are useful in roof rat control because
theycan be fastened to fences, rafters in a building, trees

and power poles frequented by roof rats.

Trapping, Tracking FPowder and Fumigants

Traps -- In general trapping requires more skill and labour
than dsing poison baits, and is used mainly where for some
reagson poison is inadvisable. It is an excellent method

where the.number of animals to be controlled is small, such
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a8 in a house, Ldvantages of traps in rat control are:

1) no toxicant is used; 2) +the user can see the evidence
of success, the dead animal; and 3) it eliminates the
problem of rats dying in the walls of a building. Leawving
rat traps baited but unset utitil the bait has been removed
at least once by the animals to be trappéd‘reduces-the hekzards
to children and pets, and of creating trap-shy rats. Live
traps may catch rats but rarely do they ontrol a rat problem,
The best trapsare guillotine, spring, or bdreak-back traps.
Trap placement and the kind of bait used are important
factors. Howard and Msrsh (1974) discuss the use of traps
for controlling rats.

B. Tracking Ifowder -- The main advantage of tracking powders
is that they are effective even when fcod is abundant.
When rodents walk over the toxic powders, they pick some
up on their feet and fur, and they later ingest the material
during their normal grooming. There is little likelihood
of poison-shyness developing, and by -this manner theywill
ingest compounds that they might not accept in baits,

C. Fumigants -~ Poisonous gases can sometimes be used to advante
age in poisoning certain £field rodenta and rats. Generally,
this method is used merely to supplement other methods that
in these situations become too hazardoué, impractical, or
ineffective because of poor baii acceptance, Rodent ﬁurrows
must be readily accessible,. Three ¢oumon fumigants are
calcium cyanide, methyl bromide and carbon bisulfide.

VIII, Commupity Sanitafiog‘and Rat Proofing nggisés

The most successful and permenent methods to control rodents
are to_build them out and to starve theme. Rodents ocannot
survive when they are excluded from food and cover; .good
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environmental control along ditches, roadways, railrocads, and
fences may help reduce the number of field rodents that invade

an agricultural crop.

Variotus Other Control Technigues

Chemesterilantg -- No rodent contrel chemosterilant is
eurrently being marketed in the United States, but much
research is underway. Once effeciive chemosterilants
(antifertility agents) are available they may be useful

where: 1) some individual rodents can be tolerated as long
as their reproductive potential is kept lows 2) as & follow=-
up to use of rodenticides where some survivors can be expected;
and 3) soue chemosterilants which are well accepted hold
promise, if incorporated in anticoagulants, for preventihé

anticoagulant resistance fron developing.

Repellents -- These in¢1ﬁde chemical substances that are
sufficiently noxious to repell rodents, yet are otherwise
safe smmough to use. lMore research is needed and rodent
repellents are not widely used. Odour~producing suhbstances
generally have only a shorf—term effect, if any. Taste
repellents show a little more promise, especially those that
create some rhysioclogiczl i1l feéling so that they will be
avoided the next time they are encountered by the rodent

{aversive ccnditioning).

Discases -~ The only disease that has been really successful in

controlling a vertebrate pest is myxcmatosis. The myxoma virus
has been used in sustralia, South America, and Europe to conitrol
the European rabbit;“'"Certaiﬁ”fébdipoiSbniﬁg bacteria
(Salmonella) have been used te control rats, but pathogenic
bacteria have not equalled conventional methods and are not

recommended because they may contanminate human foods.
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Iredators -- Many kinds of predators feed on rodents.

There is no evidnnece that natural enemies can be encouraged
in order tc¢ control rodent pests. Most of the species of
rodents that are a pest to man are a pest because ~the
habitat is so suitable that the natural predators cannot
keep such a prey populaticn at a low density where it is

no longer an economic problen. Cats can reduce the number
of rats arcund a house cr farm, but if the environment is
favourable to rats, many will survive no matter how many cats
are present, If rats are not going to be poisoned, cats may
help. But rats can be reduced to a much lower density by
controlling them with anticoagulant bait stations than with
cats.

Bounties ~- No system of paying bocunties has been successful
in controlling rodents. Bounties are like predators, they
cause many rodents to be destrcyed but do not reduce popula-
tions to as low a level as can be achieved with rodenticides.
Bounties are expensive and also encourage graft and other
dishonesty.
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There is no point in listing an extensive bibliography on rodent
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(Definitions of Some Useful Terms)
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Acceptance
Refers to the palatability and voluntary consumption of baits and toxicants by
target organism.

Acclimation
Process by which an individual orgenism becomes accustomed to a new situation in
field or laboratory.

Acclimatization (often called "adaptation" by evolutionary scientists)
An adaptive change in the heredity of & population or section of a speciles
tending to fit it for a particular set of environmental conditions.

Adaptation
The fitness of an organism within its genetlc structure for its environment, or
the process (acclimation) by which 1t becomes fit,

Adult
Sexually mature; an animal that has or is capable of contributing new individuals
to a population.

Age composition {structure)
The arrangement of age classes in a population which describes the relative
frequency of 'the age classes.

Aggressive behaviour
Includes both combat and aggressive display to drive the stimulus object away

or otherwise modify it by intimidating, injuring, or even killing it,
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Carrying capacity
The maximum density of a particular species of animal which can be maintained
in a given ecosystem on & sustained basis without deteriorating the habitat,
i,e., the number of individuals that a habitat can maintain in a healthy condition.
Challenge diet
A food or liquid offered to compare acceptance with a food containing a test
ingredient, e.g., a toxican',
Chemical toxicant (poison)
Any chemical substance, the intended or accidental effect of which, when ingested,
inhaled, or absorbed, or when appliled to, or injected into the body, 1n relatively
small amounts, by its chemical action may cause significant bodily malfunction,
injury, or death to animals or man.
Chemosterilant
A chemical substance which preventa effective reproduction.
Circadian rhythm
Activity cycles approximating 24 hours under constant conditions (circa --
about, diem -- day)
Climax community
A conmunity in a state of relative ecologic equilibrium with its habitat because
it is ro longer in process of further successional changes. Climatic climax is
an equilibrium with the general climate; edephic climax is modified by substrate
where topography, soll, or water are such that the climetic climax cannot develop,
Community
An agsemblage of ecologically related organisms composed of two or more species.
Communication signals

A chemical or physical production of an individual that influences the behaviour

of recipient individuals of the same species,
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Conditioned stimilus
A stimulus which evokes & response (or alters some other condition of behaviour)
only because of & history in which it has been paired with a stimulus (often
unconditioned) having the same effect.

Conservation
The maintenance of a specles at a desired level, or the perpetuation (not
preservation per se) and wise use of natural resources end conservative use of
nonrenewable resources such a&s natural gas, oil, and minerals, Control to
reduce & population below its carrying capacity for that environment.

Crash
The sudden decline of a population by natural mortality; usually occurs following
the peak of a cycle.

Cyclic population
A popultion with great variation between high and low densities (excluding
seasonal fluctuations) which occur with cyelic regularity,

Density-dependent and censity-independent factors
Agencies which control a popultion may ' dependent or independent upon the
population's density, e.g., the density-dependent mgencies are believed to
determine the "equilibrium" density of each species.

Deprivation
Withholding food, water, sexual contact, ete.

Dispersal
1. Abandonment of a former home range. 2. "Innate dispersal" --
predisposed at birth with a dispersal instinet usually activated at puberty.
3. "Environmental dispersal" -- result of intraspecific pressures; the
selection of a new home reange, part of which usually is within the confines
of the parental home range.

Distress call
Birds emit distress calls when vaeriously restrained and handled. It is a

desperstlion signal which frightens other birds.
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Food Chain
A sequence of species within a commnity, each member of which serves as
food for the species next higher in the chain.

Fumigant
A smoke, gas, or vapour that is lethal when inhaled by target species.

Fur bearer
Any animal sought for its fur.

Game management
The art of making land produce a sustained crop of wild game for recreational
purposes,

Graminivorous
An animal that eats gress,

Habitat
It is the environmental situation {usually only climate and physical features
of the environment) in which or on which any community, species, or individual
lives.

Habitat stability
Natural biomes have a well.established, stalle, animal-soil-vegetation complex
which 1s not delicately balanced due to self-limitation of species.

Hakituation

The inhibition of a perceptual response as a result of repeated stiumulation
which is not followed by any kind of reinforcement. It is of relatively
enduring nature and is thus regarded as distinct from fatigue and sensory
adaptation.

Herpeticide
A toxicant used against amphibians and reptiles.

Homeostasis
The ability of an individual, soclety, or community to regulate itself so

that it is able to exist in a frequently-changing environment,
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Home range
The area over which an individual animal habitually travels while engaged
in its daily activities.
Imitative behaviour

A response stimulated by the behavioural response of another individual.

Immigration
An individuwal or species—ertering a wdgminity where previously it was
not present.

Tmmunity
Following repeated exposures to pathogens the organism acquires the ability
to resist the agent or infection.

Imprinting
The recognition of parental characters through learning in a brief, usually
very early stage in animals' lives. May apply to learning about food,
habitat characteristics, and other elements in animals' world.

Indicators
Indicator species of plants or animals often recur again and again in
widely separated ecosystems of similar types and serve as an indicator

of certain general characteristics of the environment.

Innate
Inborn. In behaviour it refers to genetic differences between reaponses
of individuals or species. In animal behaviour innate and learned are
difficult to separate concisely.

Integrated control
Is a management system that, within the area of assoclated environment
and population dynamies of the pest species, uses all suitable techniques
and methods in as compatibie & manner &as poss;ble to maintain pest popula-
tions at levels below those causing economic Injury.

Interspecific

Inter-relationships between members of different species.
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Intraspecific
Inter-relationships between members of the same species.
Invasions
Spread of a species into a commmnity where it was not formerly represented.
Irruption
An unusually high population density of either a cyclic or non-cyclic
species.
Land capability
The suitability of land for use without damage; not a clear term.
Latency of response
The measure of time elapsing between onset of stimulus and the beginning

of the response to it.

150
The statistical concentration that is lethal to 50% of a large population
LD50
The statistical dosage that is lethal to 50% of a population,
Learning
The process which produces change in individual behaviour as the result
of experience,
Life eycle

The stages an organism passes through from the fertilized egg to death.
Limit of tolerance
Organisms have an ecologieal minimum and maximum requirement, with a range
in between which represents the limits of tolerance.
Limiting factors
Any environmental faetor which limits the distribution and/or the size
of a population.
Management
Usually implies maintalning & sustainable population density such as a game

species.
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Marginal habitat
Where individuals or populaticn live a tenuous existence and seldom
successfully reproduce.

Memory
learning, i.e., a modification of behaviour due to experience.

Migrations
Seasonal migrations, e.g., the regular annual round trips made by many
birds and game mammals; geographic migration is a more or less permanent
movement intc a new geographic area (emigration).

Multiple use
Harmonious use of land for more than cne of the following purposes:
grazing of livestock, wildlife producticn, recreation, watershed, and
timber production; but not necessarily the combination of uses that
will yield the highest economic return or unit output.

Mutagenic
Chemical substance, when brought inte intimate contact with the organism,

that is capable of producing changes or alterations that are heritable.

Natality
Birth rate.
Natural control
The maintenance of a more or less fluctuating population density with
certain definable upper and lower limits over a periocd of time by the
combined actions of ablotic and blotic elements of the environment.
Natural sdection
The eliminatlon of the less fit individwals in competition for existence,
dependent on successful variation (differential survival).
Neophobia
A negativé response upon first exposure to a new ltem in the environment

or a dietary change in a bait.
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Niche
That portion of the habitat the species concerned occupies for shelter,
for breeding sites, and for other activities; the food that it eats, and all
the other features of the ecosystem that it utilizes.
Non-target species
Those speciles not to be intentionally affected by a econtrol practice almed
at another species in the same environment.
Operant
A behaviour associated with a reinforcement.
Operant conditicning
The experimental procedure of presenting the animal with a reinforcing
stimulus (e.g., food) immediately following the commission of a given
response to increase the rate of occurrence of the responses.
Overpopulation
A population level which the habitat cannot sustain indefinitely.
Pandemic
Of wide occurrence, such as a disease.
Pathogen
A microscopic or sub-microscoplce organism whose presence results in illness
or death of host.
Pesticide
A substance or mixture of substances intended for destroying, repelling,
or mitigating any vertebrate or invertebrate pest or preventing the
species from becoming a pest.
Pharmacodynamic
Pharmacodynamic is the response of living organisms to chemlcal stimull,
or the reaction occurring between these chemicals and living structures.
Pheromones
Intraspecific chemicel stimuli (e.g., sex odours) perceived from the

external environment (pherein, to carry, and horman, to excite).
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Physiologiec homeostasis
The maintenance of the internal environment (both intra- and extra-
cellular) within limits conducive to the survival of the organism.
(See homeostasis).
Piscide
Toxicant used against fish.
Placebo
An inactive substance; in choice tests & diet that contains all of the

same ingredients except the toxic or test material present in the balt.

Plague

1. A drastic increase in the population, and "outbreak" as a plague of mice
or locusts.

2. Commonly used in reference to the disease, bubonic plague, caused by

Yersinia pestis.

Pollution

Environmental (air, water, land, cities, etc.) contamination.
Polyandry

The mating of a single female with several males.
Polygomous

The mating of one male with several females.
Population

A group of individuals of the same species.
Poprrlution

Environmental pollution resulting from too many people.
Population density

The primary factors determining the density of a vertebrate species are

the suitability of the habitat conditions and self-limitation.
Predacide

Toxicant used to poison predators.
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Predator
An animal which habitually preys upon other animals for foed,

Primary poisoning
Sickness, pathologic changes, or death resulting from direct ingestion,
inhalation, or contact toxicant by a non-target species,

Rare species
A species or sub-species that although not presently threatened with
extinetion, 1s in such small numbers thrcoughout its range that it may be

endangered if 1lts environment worsens. A Status Undetermined speciles

or sub-speclies is one that has been suggested as being rare or endangered,

but more information 1s needed. (See endangered and peripheral species.)

Recruitment
Increment to a population by natural reproduction and immigration.

Reinforcement (reward)
After an animal has made a response, presenting it with a reinforcing
stimulus (such as food to a non-satlated subject) or of withdrawing a
negative reinforeing stimulus (such as an electric shock).

Releaser
A stimulus presented by one animal that controls a response or responses
of another.

Renewable natural resources
Those parts of man's environment which have utility for him and which even
though used, may be his actions he maintained or increased in quantity,
and/or quality. It excludes man and non-renewable natural resources such as

minerals, but includes air and water with all of thelr components.



WHO EMRO EM/SEM. Pi1.EC.ASP.ROD.CTL.
page 15

Repellent chemlcal
See "Attractant"
Repelling or attraecting biosounds
Sounds produced by any animal which influence the behaviour of a pest specles.
Reproduction inhibitor
A chemosterilant.
Resistance
The natural or genetic ablility of an organism to ward off the deleterious
effects of such noxious agents as polsons, toxins, irritants or pathogenic
microcrganisms.
Rodenticide
A pesticide applied as a bait, dust, or fumigant to destroy or repell rodents
and other animals such as moles, rabbits and hares.
Rope firecracker
Slow burning rope fuse in which firecracker fuses can be inserted at
irregular intervals to frighten birds.
Sanitation
The establishment of environmental eonditions favorable to health or te
reduce pest problems.
Satiation
Making food available to an organism until it stops eating.
Scavenger
An animal that feeds principally on already dead animals or garbage.
Secordary poisoning
The result attributable to a chemical toxieant which, after being ingested,
inhaled, or absorbed by or into, or when applied to or injected into a mammal,
bird, or reptile, is retained in its tissue, or otherwise retained in such a
manner and quantity that the tissue itself or retaining part if thereafter

ingested by man or animal, produces the effects of a chemlical toxicant.
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Selective pesticide
A pesticide which while killing the pest individuals spares much or most
of the other fauna, ineluding beneficial species, either through differential
toxie action or through the manner in which the pesticide is utilized (formulation,
dosage, timing, eto.)

Self«limitation
Species involuntarily prevent their population densitles from exceeding
certain levels by the interaction of intraspecific stress factors (e.g.
psychological, competition for food or mates, territoriality, weather,
disease, or other vicissitude of 1life) which cause various increase in mortality,
reductions in natality, or emigrations from the overpopulated areas.

Social behaviocur
Behavioural interactions between individuals of the same species, but in some
cases with another speciles.

Social dominance or rank
Certain individuals dominate the others in the group by thelr strength or
aggressiveness.

Society
An assemblage of individuals all of the same species.

Sound frequencies
Cycles per second now referred to as Hertz (Hz or kHz) instead of cycles/second
or kilocycles/seaond.

Species
A group of interbreeding populations (actually or potentially) reproductively
isolated from other such groups.

Stupefacients
Drugs used as a pesticide to cause birds to go into a ssate of stupor so they
can be captured and removed or to frighten other birds away from that area.

Subelimax

Any important successional stage below the climatic climax.



WHO EMRO EM/SEM,PH,EC.ASP.ROD.CTL.
page 17

Succession
The replacement of one community by another.
Surfactant
A wetting agent that causes heat loss from the body of the treated (sprayed)
birds or mammals.
Synergistic effects
Wnere the degree of control achleved by a combination of methods exceeds
the sum of the independent effects of each method.
Target organism or species
The intended individual or population to be dealt with.
Territory
That portion of a home range that 1s defended against trespass by other
members of the same species.
Threshold density
The minimum population level at which a population can maintain itself.
Threat
That behaviour which has been shown to produce flight in another animal.
Tolerance
An organism's ability to endure a pesticide or drug without 111 effect, e.g.
the state of 1is innate resistance or acquired immunity.
Trap night
Used to express the ratic of individuals captured depending upon the number
of traps and length of time they were set. One trap night equals one trap set
for one night.
Trophic levels
They distinguish the more important levels of food production and utilization,
e.g. primary producers (usually green plants) than primary (herbivorus) and

secondary {predators) consumers, each being a trophic level.
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Vertebrate control objectives
To accomplish the desired effect with a maximum of safety to man and to forms
of life useful or of neutral value to him, and that it be carried out with
a minimum of disturbance to the biotic community. It is the alleviation of the
problem to a tolerable level, nct necessarily the destruction of vertebrates.
Vertebrate pest
Any native or introduced, wild, or feral specles of vertebrate animal that is
currently troublesome locally, or over a wild area, to one or more persons,
elther by being a health hazard, a general nuisance, or by destroying food,
fiber, or natural resources. A pest to one person may at the same time have
easthetic or recreational value to others.
Wilderness
In contrast to those areas where man dominates the landscape, a wilderness is a
relatively unaltered ecosystem of any size where man is a vigltor who does not

remain.



