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Objectives of the Seminar 

(1) Review the current situation relating to cattle ectoparasites 
of economic importance in Latin America. 

(2) Determine the principal impediments to control. 
(3) Suggest priorities for research needs. 
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The Animal Health Program in CIAT 

Eric A. WVei1s 

I want to comment first. on why, in English, w-.e have called this
meeting a "workshop" and not a "seminar". By definition, a seminar
is an exchang2 of ideas. A vorkshop, on the other hand,where something is concluded. something is done. is a placeWe have not yet 
been able to find :i Spanish word giving, the., same impression. Perhaps 
you can suggest one. 

Secondlv: I wall ti brt,,fiy 'xplin Ihe animal health programat CIAT. W ave givcn vot a booklet in which the philosophy of
oui' wor-1'k ald)I lIl, culrlent prooct S are outlined. All I want to dothe momclit is to explain the relalionship of the 

at, 
contents of the 

I)0k (t to this workshop. 

In our wew~raiemphasize the economics of animal health, thatis, the cost of the actual losses from disease and the cost of control.
This emphasis is vital to our continued existence in this International
Center for Tropical Agriculture. Donor agencies will only be interested
in long-term support if we are are ablje to identify important causes of 
production losses in cattle which require re.scarch. Moreover, therehave to be some advaniages for this research to be carried out in an
international center and not in national government laboratories. 

Earlier this year we held a workshop oi hemoparasitic diseases.
Some of you attended. At the end of the workshop we fermulated
various resolutions. These are being acted on. For example, FAOis examining the possibility of having regional banks of antigcnic
and antibody material for research. Here in CIAT we are accepting 

j Epiarlliohogist.Arvo ntro Iterm 'ionA\parladt) ,\,-rvo 071 3. Calil. Colombia, d , grivdtura Tropical (CIAT) 



more professionals for training in scrologicai techniques so that they 
can return to their own countries and work on the distribution and 
importance of hemoparalsitic diseases. 

You will notice (,n the program that our last ses.sion is devoted 
Io the ne.eds fotrtir-,inug and research in medical and vNet einary 
kntomolo!': in L.atin America. \\e hope tiat you will remember this. 
Yo ir recomm,,ndations wi! influence the futire of our progams ill 
CIAT. 

O(eut moce oint ou economics. We havc not included a paper on 
conomi.s because we are assunt.., that C-verythin., we are talking 

:lbout is of cconollic Importance. Howeve', we ipe that ColloilliCs 

will be di.zcussed in relation to control program-;. Perhaps lthel -ned 
for ceonnic e'aluatn of co'ntrol proorans may be one of the 
resolutions arising fromn the workshop. 

On behalf of the animal health team in CIAT. may I give you 
all a very warm welcome. 
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Ethics of International Research 

Carlos San martinl 

Almost three years ago, I had the honor of expressing before theAmerican Society of Tropical Medicine and Hygiene some idea abouttle or-irntation that scientific research and personnel training must
follow in what I then called super developed sub-countries. These are
characterized by introducing, accepting and adopting, in anindiscriminate manner, the more recent advances of technology and 
sei 'nie, while their social o-,d economical str-uctures lag behind. At 
tl, same time, th *i ] uffer froim 1rob ncls already vanished frollHhe- counlrihs in which such progress originates.
 

I 
 a1 mos1t tlhukfalI to the Interllational Center for Tropical
Agriculture for th honor of invitingime to g40 back to the subject
and to give some comments concerning men ;n,ld animal health.

Before I go on I would like to make clear that what I say are my
personal ideas and ill.'o way do they represent those of the 
organizalion with whkc.. I a oted., ,1111f. 
1 have asked nysell wrvat cmlc2 h' tIi' reasons for my being the onewho presents the matter before you. I believe ihat only years ofexperience authorize me to accept such an honorable task. Let this

be the opportunity to say how much of my l)rprsent education is related 
to the harmnious relationship I have always maintaincd with the
veterinary profession, from which I have lea1ied invaluiable lessons. 

The question of wlwt course scientific research ina, follow incountries like ours has been the subjrCet of eldless concern, over which
much has been said and written througlh the Years. Everything seems 

ana.1triafl (:j: I ,oUoilsi- nit .t. Ia.illa 23. laum, M,.jia. Iluello. \ir... :\r
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to rotate over the everlasting matter of pure. basic, fundamental 
investigation that is usually contrasted with practical and applied 
research. rhis division, in many ways arbitrary. depends many times 
oil le interests of tLus- who ;'re making definitions in each case. 
Technological comphxity is generally taken as findainental Io qualify 
:cisn ific rsacrch. 

Pasteur, to whom Michael Hoskin reforred, started his scientific 
career studying crystals, which in solutio: have certain optical 
properties, such as making the polarized light plane rotate. What 
might be more academic than this? However, thcs - works led hirn 
toward iicroorganisms that play an essential role in industrial processes 
such as fermentation. and eventually to the germs menacing human 
and animal health. Along the same line. Jenner with nothing but his 
alert observant mind. developcd a nethod never excellod for a smallpox 
vaccination which within a few years made it a for!otten disease. 

One main characteristic rwsearch must have in developing 
countries is to be propel", iVe. to give all projects and ideas a certain 
priority within the limited rcsources available. which will permit their 
effectiv, improvement. 

I belie've that what is imprc'tant in the-se countric:e i.; Icpidelmiolog.ical 
research: the fie:d e.xpiora tion to find out iim)le but fundamental 
facts. In this way. it would be pos-:sible to quantity vhat is happ'ming. 
to eval'nate its im padt and to take resolutions based on ralitis ral her 
preconccivec ideas. 

It is not rare to observe. ito ,xamAe., that sums.: inctious processes 
are usually bI.aumccd fNr the considerabl o lasos in catle, when lack 
of management. problems v.ith fVrtil ityv. er hd could x- what is really 
affecting he animal production. 

One sonetimes may wonder if we are not attributing to Some 
germs responsibilities they do not have. When there is positive 
serology or the isolation of a microorganism, without the existence 
of any clinical or epiderniological reason to say that such infection 
corresponds to a pathogenic process, it would appear that, in certain 
cases, a germ's capacity to cause disease (or its prestige) is linked to 
the investigator's who in a naive manner becomes its exploiting 
manager. It should be remembered that Koch's postulates are still in 
vogue. 

In the scientific field and rc-search, as in every other human 
activity there is the danger of insisting on one interest and easily 
making it. the only important one, others being considered secondary. 
Such a narrow minded attitude is what possibly distinguishes insecure 



peop.e and makes them exclusive ownvers of diseases, microorganisn-,laboratories, methc,cds, physical spaces, etc. so that one can loreeven 
the ability of wondering about the permanent and infin 
manifestations Of nature and the mind.
 

There is a group of transmissible diseases 
 on which knowledge
about ,he causal agents, parasite cycles, transmission mechanisnv,
diagnosti,, methods, control systems, vaccinations, etc., are extensive. 
However, investigations are continually diversified, when the rifgIt
thing to do would be to prove why they arc not applicable and h..w 
could they be adapted and made effective. 

Very often in our countries peoplc aspire to adopt the mo.'e 
advanced methods for research and diagnosis without understanding
that they depend1 on multiple factors not easily found in distant or
isolated places. Maybe, it would be better to use systems which 
although not as reliable, may be used more broadly. Thus, we sacrifice 
some quality in cxehange for greater coverage. 

The magnitude and diversity of our present knowledge makes it 
necessary that studies sI elh as zoonosis have a multidisciplinary focus, 
provided that they be integrated in a common plan of action in whoseoutline individuals from', various activities participate; from the
sociologist and cconomist, to the specialist studying viral molecules. 
All of whom, among other things, should listen, discuss and bear in
mincl the opinion of the people whose countries they expect to benefit. 
Among thc. discases affecting man and animls, we have those caused 
by licmatophagous arthropods, which when feeding on vertebrates
transmit biologically or mechanically, causal agents such as:
metazoan-like filariaj, protczoan-like hemosporidias and hemoflagel
lates; bacteria such as bubonic, tularemia and recurrent fevers,
rickettsias; the epidemic typhus, the murine type or spotted fever 
transmitted by ticks: and, finally, viruses like yellow fevr, equine 
encephalitis, etc. 

To understand the ecology of these agents it. is n(ecessary to
accumulate evidenc,, about their vectors, assuming that their isolation
from arthropods, not filed with blood, L reason to believea they 
are involved in the biological cycle of the organism. Ample and
detailed entomlor)cal information can show not onlv the habitat of 
a larticula r ,tiOtogical agent but also, in a general way, the group
of vertcbratcs that should be cmsidered in their natural history. 

To define th role an arthropod can play in the peipetuation of an 
agent we must remember that a low density of ,, vector can be
compensated by: (1) a short extrinsic incubation in the vector; (2) 
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long life of the arthropod; (3) arthropod resistance to unfavorable 
conditions such as dry seasons, cold winters, etc.; and, (4) an ample 

spectrum of vertebrate hosts susceptible to bites and good multipliers 

for the agent. On the other hand the low effectiveness of some of these 

factors named above, or the combinations of one with another, can 

be compensated by a high density in the vector populations. 

Two facts of great importance for the perpetuation of some germs, 

are: the hibernation of infested hematophagous arthropods; and the 

transovarial transmission of etiological agents which is observed, 
which recently had been found in mosquitosespecially in ticks and 

with some arboviruses. 

The vertebrate type in which a particular arthropod specie feeds 

can be defined by several methods including simple fact observations, 
the use of traps with different lures, and the identification by precipitin 
test of the blood ingested vectors captured in natural conditions. 

Remembering that the isolation of a virus, for example, from a 

particular mosquito, if it is backed up by epidemiological evidence, 

can then incriminate a particular species as the main vector. 
Nevertheless, the final proof of such a condition, will be given by the 

positive results of transmission tests made with mosquitos taken in 

the field. Another similar alternative is to experiment with mosquitos 
reared in the laboratory, bearing in mind that by colonizing a specie 

at the insectary, a selection has been made, hence, eliminating those 
predominant in nature. 

In the field of hematophagous al"hropods exciting research 
themes are posed, whose results may have practical implications of 

immediate applications for the control of diseases carried by 

hematophagous arthropods. The work done must have a multiple 

focus, considering not only the arthropod but also its biology, 

environment, the vertebrates on which it feeds, etc. 

Students from our countries pursue careers, in the universities of 

the most advanced countries, in programs of irrefutable quality with 

the purpose of getting an academic degree. One necessary requisite, 

is that the thesis be done under the supervision of prestigious scientific 

supervisors. It is not much to ask that the thesis deal with subjects 

directly applicable to the countries to which they belong, and, also, 
that the thesis relate to activities the student will develop when 
coming back. 

We, also, see the inconsistency of training the student for a most 
difficult procedure in microbiology, when the fundamentals have still 

been ignored. It is dangerous for a person without the basic knowledge 
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to interpret all the alternatives, to go on with methods he does not
fully understand. On some occasions, these different training programs 
are only creating generation of magician apprentices.a 

I can give two examples which say a lot about the risks of seeing
too much or not seeing at all, when there is not the competence to
interpret what is being done. The first case occurred some years ago,
when as an official of the Institute 'Carlos Finlay' of Bogota, I went 
to investigate a serious epidemic affecting a Colombian city; mine 
was short-term work, simple and effective, since all I did was to 
verify that everything was the figment of someone's excited imagination
when faced with the fascinating spectacle of a dark microscope field 
which he could not decipher. On the other hand, during the 1930's
the department of Nariflo was struck by an epidemic causing
thousands of deaths. It was a feverish and anemic disease with a high
mortality. Among all the etiological possibilities malaria was considored 
but discarded because of the negative results from the patients' blood 
slides. Without a doubt those who made the exams did not see, or
overlooked, Bartonella bacilliformis which would certainly be abundant 
in such preparations. 

It is surprising the number of trained people in a laboratory who 
are capable and competent under normal conditions, but when
something goes wrong they lose their effectiveness. We might explain
this as due to their ignorance of the fundamental facts, such as: the
composition of a dehydrated culture which they have bought; the 
method of preparing a compound for immunoflorescence that they
buy "ready to use", etc.: also, a person working in microbiology should 
prepare, at least once, an ordinary broth culture starting with the 
meat and becoming familiar with the stages from washing theto
sterilization of the material. He should know how to blecd a lamb and 
fix the red blood cells for the complement fixation test; learn how 
to change the centrifugal brushes without having to put the machine 
in the shop, etc. 

If cultural shock makes adaptation difficult in a foreign country,
it is also hard for the students to realapt when they home.return 
It is not uncommon for them to blame local conditions, which always
existed, for the failures arising from their own mistakes. 

I would like to say, before concluding, that I am pleased to see, once 
more, friends of so many years and of having the opportunity to visit
this center in which, no doubt, many of the aspects that I outlined for 
you have been considered for its organization and function. 

7 





Stirvey TcchniquCs for Tick Species Affecting 

Domiestic
.,hj(Anials
 

Jlane+ 11all'
 

Ticks are certainly the most important external parasites of
doiiestic animals in Africa and, although I 	 am not equally familiar 
with the sittaticin in youn' ccnut ics. I an sure thal they are as
important here btcau:e of the danma,e that th; ; cause and the
diseases they spread. In mnany part; of Africa th:y constitute a liniting
factor to succesfll Mock fartinv unileas meatsures are tak :n to centrol 
them. 

No two species of ticks arc cxactly alike in their hah s. ife cycles,
distribution al._ abilily to transnilt pathoagen. Coll..wCleetitly, it is
essential when dific1 tis de :'ise to u,11n'w with which t icks 
one is dealing. When one has aQua.to intfatntation beorhand, it is
often possible to preveW difficultirs fromn developinl"g. Fo 'exantple, whenl
animals are mnoved from one part of the coutryiIV to another a
knowledge of thr ick species and tick.bortne diseases that tihex may
bring with themn, or to which thwy tiay be exposed in their nr'w 
ellvironmlln'llt, 
call prevet los.ses for tie farnter. So ou call say
that a knevledge of the precise d 1ttil)ttion of the difftent species
with which one is dcealing ; tn crscuntin prerequisite to the control 
of both ticks and lIhe diseases fhey carry. 

Before going on to discuss the various techniques involved in
carrying out tick strys, I should like to say just a few words about
tick identification. Obviously, it is no use going to all the trouble of 

f I P ff i c, IR - r elh r In .!'	C h ic r o f ( ,iojvl O) e' . T ick ' c, . \ ' v rin, R e s earch st i tute 
Or)dersteporl. South Africa. 
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collecting vast numbers of these parasites unless the personnel and 
facilities for accurate identification of adult ticks are available. Ideally, 
of course, one should be able to identify all stages of all the species 
occurring in the area one is studying but there are few, if any, parts 
of the world where this situation prevails. In South America a great 

deal of the essential taxonomic spadework apparently still remains 
to be done. In their 1972 report on the ticks of Venezuela, the workers 
at the Rocky Mountain Laboratory comment: "The number of 
immature Amblyonuna that are unidentifiable emphasizes a basic 
problem in the study of South American ticks. Life histories of most 
species are unknown and few have been reared in the laboratory. 
Confusion has been compounded by the fact that the larvae and 
nymphs are often taken on different hosts. A great contribution to 
the knowledge concerning ticks of this area could be accomplished 
by basic laboratory and field studies of their life history". I gather 
from the CIAT Animal Health section of the Annual Report for 

1974 that this problem is well recognized here and a start has been 
made on some of these basic studies by establishing colonies of 
Boophilus microplus and Anocentor nitens. I imagine that when live 
specimens of any of your other tick species become available attempts 
will also be made to breed them in the laboratory. Even if you do 
not keep every strain going subsequently -and this involves a great 
deal of work if you have a lot of species- a good F1 series of each for 
use as reference material would be invaluable. In fact, I would go as 
far as to say that it is essential, especially when one starts on tick 
identifications, to have good, reliably identified collections (preferably 
laboratory reared) of at least the common species with which to 
compare one's fie'd collections. Of course, sometimes one has to rely 
on descriptions alone and, provided these are well ilustrated, one 
should be able to make an accurate diagnosis from them, but it is 
always preferable to make a direct comparison between actual 
specimens whenever possible. Siome people, of course, like working 
with keys, though I myself do not, and it can be extremely frustrating 
if the key one is using does not, include all the species in the area 
one is working in. Also, although keys can be used as a starting point 
they are not always reliable for a final answer. 

In Africa, South of the Sahara, i.e. the Ethiopian region, surveys 
have been made to a greater or lesser depth in many countries. We 
now know quite a lot about the host range and geographical 
distribution of many of our more important tick vectors of disease 
and, on the basis of this information, can sometimes predict with a 
reasonable degree of certainty which species are likely to occur in 
areas which have not yet been surveyed. I shall begin by describing 
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techniques used in two of these tick surveys, covering South Africa 
and Tanzania, with a few comments on the Kenya survey. 

The South African survey was started in 1937 as part of the
general Zoological Survey, its object being simply to obtain more
detailed information about the occurrence and distribution, both
geographical and seasonal, of the local ticks. The State Veterinary
Officers in the field were made responsible for the collections and
each officer was instructed to divide up his area into several blocks,
according to the altitude, vegetation, rainfall, and burning practices,
and to select three or four farms in each block. On each farm the
ticks were to be collected from cattle at definite times representing
the four seasons of the year. These collections were then forwarded 
to Onderstepoort for identification. This task was carried out by Dr. 
Gertrud Theiler, with whose name the survey is now associated. 

Now this probably all sounds very nice and neat but, as Dr.
Theiler herself pointed out in her introduction to the first paper she 
wrote on this survey, r'ealing with Amblyomma hebracum, the South 
African vector of ha, twater of ruminants, there were snags. Since
her comments are as true today they wereas in 1948, when they were
written, I propose to quote them to you in full. She says: 

"Faunal surveys, planned essentially for the mere plotting of
the distribution of a particular group of animals, are always at 
best but ecologically incomplete. The very nature of the present 
survey, in which the collecting was carried out by numerous 
individuals, not one of them a trained ecologist, stationed in
different parts of a large tract of country showing a great range
and variety of climatological, physiographical, biotic and other
conditions, leaves much to be desired from the strictly ecological
point of view. The setbacks to a properly controlled sub
continental survey are numerous; thus an officer already stationed 
for some considerable time in an area of control would experience 
no difficulty in dividing up his district into representative blocks,
whereas one but recently appointed to an area would not be
familiar with its vegetative zones and his division of his territory
into collecting blocks would be faulty. Apart from the above 
unevenness in the parceling out of colecting blocks, the human 
element of the collector is an added inequality (some individuals 
just do not make good collectors). Nor are all officers always in 
a position to make systematic collections at the quarterly intervals,
due to the greater importance of routine, or of extra-routinary
matters. Thus, to obviate and eliminate some of the grosser 
unevennesses from the final plotting and to check up on the 
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suitability or on the com)leteness of the collections which were 
being sent in, trial plottings of throe oft the niore prevahlet ; pecies 

of ticks were carried out early in tilie survey. Accrdini;, to the 
findings of this prinlary sur,,ey fuiflitV' 'Aolecti:s w're clle'd 

for from :son1 areas to fill atplro lt eo i!n., l-c! l a i onslr: 

or to check up on the human iem!nlt ;[s :L aLs1:',or,w! as to 

couniteract the attitude tii- arn, scarct' nOW, .,) 1Wl (,]le'Iions 
have been made this winiter. The collectinlls wil! r,v:aiicd aE' 
after the fist mins when tick liio will lir ilotIai)V iant 

"The very inequality of lt, (e llcclion.-; likt-s it (dificalt to 

interpret the results consistenly. The ideal collhc tion thcoretically 

was four collection, from cach block spread -c r 1 cl. tivt 
seasons: but 'his could not alwavs be done, alad the cnl eti('ns. ye.nled 

from the ideal four down to on(e, or wors4e still. none at all. In oil( 

districe the officer concerned Was ablt to send in a mon thly 

collection spread over fifteen months. The foui-time collection in 
conjunction with the fifteen-tim, collections, gave, a. it wer,. 
some standard of reliability of the three-, two- or one-time ctollcc
tions. In 'hose inst'aces where any one given soci". appears four 

times in t0tiC rtetly collect ions it can safely be assunlct ihat the 

collection as a whole was adequate and that not only wa:s a given 

tick present. hut that it was also safely t::tablishecd in the 

area: if it occurs three out of four times then the name conclusions 

can be draxn as. to the adequacy of the collection and as to the 
cstablishment of the tick: here the tick may be absent duo to the 
fact that it shows periods during which it does not focd. But if 
the tick is present less frequently, then the interpret ation is not 
so straightforward, and several explanation:; arc possibie- either 

that the tick is pre.ent and established on the farm but the 
collecting was not too good (for some collectors are bad) : or that 
the collection was adequate and the tick was but recently 
introduced and was not established, or that the tick had a long 
nonfeeding period: further if the tick is absent in the neighbouring; 

collecting areas then it is concluded that th; record is on- of a 
recent introduction. Cae.s where o(nlv one balch of spcimens is 
sent in present the mno-t difficultie-, aiu,d hence the, conclusions 
drawn from those records are the least rcliablco, for the absence 

of e.g. A. hebraeum may not be truy abs(nt for the reason; 
enumcrated above; however, though one-time collections are most 
unreliable for recording the absence of a secies, tivay are yet 
valuable for their pofitive records of the prcsence of the tick, and 

hence serve the main purpose of the survey, namely the plotting 

of the areas in which the tick has been proved to occur. 
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"In spite of the shortcomings inherent in such generalizeda 
survey, it has nevertheless been possible in many instances to
draw definite conclusions as to the factors encouraging or 
discouraging the increase of various tick species, and hence as to 
their distribution in South Africa." 

The value of the cattle tick survey was enhanced by the Zoological
Survey of the Union covering wild animals, running concurrently,
from which Onderstepoort received all the external parasites collected.
At the same time, engorged female ticks called for from variouswere 

regions and their 
 progeny reared in the laboratory. These rearings
not only revealed the possible range of variation in the F1 adult 
generation of a given species but also linked up the adults with theright immature stages. By identifying the larvae and nymphae
occurring on the animals collected in the Zoological Survey, it became
possible to work out the different ticks' life histories and thus indicate
which wild host might have to be considered as possible reservoirs 
of pathogens affecting domestic animals. 

One very important point Dr. Theiler notes is that the survey was
based entirely on ticks that were examined and identified in thelaboratory; no notice was taken of any verbal statements. This is an
absolutely essential point. Most farmers in South Africa, not tomention a good many veterinarians and stock inspectors, will say
that they know, for example, what a but when areblue tick is they
asked for specimens the variety that one gets is sometimes quite 

: remarkable. 
Broadly speaking, Dr. Theiler related the distribution of the various

5pecies with which she dealt to the altitude, rainfall and vegetation,
dnd in some instances, to frost. Obviously, the effects of these factors 
are interrelated and a particular species may be able to exist at, say,a higher altitude than one might otherwise expect ifit is protected
by a denser vegetative cover. Amblyomnia hebraeum, for (-,ample,can survive at higher altitudes in bush or scrub-coveied areas
than it can in tall grassland. It Is completely absent from the
short grass areas. This is perhaps an appropriate moment to point
out that vegetative cover is liable to change and when this happens
changes can also be expectA:d in the local tick fauna. In some partsof South Africa A. hebraeum is extending its range in the wake of
bush encroachment and in others, Ixodes rubicundus, the Karoo
paralysis tick, is following the spread of Karoo-type vegetation into
the short-grass veld of the Orange Free State. 

In a few cases Dr. Theiler found, when she had drawn up her tick 
distribution maps that they did not make sense when she tried to 

13 



relate them to the various environmental factors i. e., some ticks 
seemed to occur under widely differing ecological conditions. At the 
time, she said such findings suggested that two or more tick species 
which looked very much alike, but had differing ecological 
requirements had been lumped under one name. Current research is 
now confirming this. , 

I will now turn to the ixodid tick survey that was carried out 
in Tanzania during a 10-year period from 1955 onward. 

Here the modus operandi was very different from that in South 
Africa. At the start a single Veterinary Research Officer, Guy Yeoman, 
was assigned to the project and worked on it full time for six years. 
During this period he and his small, carefully-trained team of 
assistants made tick collections in all nine mainland provinces and in 
all but two of the 55 districts in the country, which altogether cover 
an area of over 885,000 sq. km (342,000 square miles). This meant 
that there was a high degree of uniformity in the methods used and 
there is no doubt that the results achieved were due primarily to his 
energy, enthusiasm and dedication. Quite early, I became involved in 
the project as taxonomic referee, with the job of trying to identify 
the more unusual and difficult specimens as well as identifying some 
of the field collections. Somewhat later, we were also joined by two 
other veterinarians who worked part-time on the survey. 

The Tanzania survey was based primarily on the ticks of cattle 
and the areas in which these animals are kept were all covered by 
carefully planned collections. These cattle collections were supplemented 
in places by collections from other domestic animals, and sometimes 
from wild animals. It was impossible, though, to cover the whole 
country equally thoroughly. For one thing there are enormous areas 
in Tanzania that are still infested by tsetse flies and these are, by 
and large, sparsely inhabited, so few -if any- collections were made 
there. (There is no doubt that in the future more attention will have to 
be paid to these parts of the country as the expanding human 
population pushes its way into them, taking its domestic animals-and, 
no doubt, their parasites-with them.) 

To give you some idea of the work involved in the Tanzania Survey, 
over 180,000 adult ticks were collected from cattle alone. If you add 
to this the considerable numbers of ticks obtained from other animals 
included in the survey, plus the larvae and nymphae, and then 
remember that every specimen was examined at least once under the 
microscope, you will begin to realize why it took us about 10 years 
in all to complete this survey! 
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The basic collecting team consisted of a group of five people, alwaysled by a trained and experienced collector and including someone withlocal knowledge, traveling in Rover.a Land This team worked
systematically through each district, taking care to include all thedifferent physiographical, climatic and vegetational zones assuming
of course that animals, preferably cattle, were available. I havesometimes been asked what the distance between collecting pointsshould be but for a general survey like this, covering a very largearea, it is really impossible to lay down hard and fast rules. It maydepend on the availability of animals and it also depends very much on the nature of the area itself: obviously, in an ecologically diverseregion it will be necessary to make more closely-spaced collections 
to get a true picture of the tick species present than in an ecologically
uniform one. For example, if one took a transect running 20-25 kmsouthwards from the top of Mt. Meru, just outside Arusha in northernTanzania, out into the Masai plains one would pick up representatives
of at least three different groups of tick species with quite different
and distinct ecological preferences. In other parts of the country,however, one could easily cover far greater distances and still remainin ecologically the same type of terrain. It follows, therefore, that one 
cannot necessarily expect to make exactly the same numbercollections every day: Mr. Yeoman found 

o. 
that under ideal conditions

he could sometimes make up to eight collections, each from threebeasts, per day but this was very hard going-usually he only madeabout five or six. In sparsely inhabited areas, though, he sometimes
found it took him a couple of days or so to get even one collection. 

In every case, as soon as a coflection was completed, full details 
were entered in a field record book, including the collection serialnumber, the number and description of the animals used, the place,date and the senior collector's name. Additional notes were made on
such features as the altitude and vegetation and local opinions on
the tick and disease position, including calf survival rates. The
degree of infestation with Boophilus was also 
noted since, purely furpractical reasons complete collections of blue ticks were not made as a rule. Any special points about other ticks present, such as their 
attachment sites, were also recorded. 

Before going on to talk about the collecting techniques themselves
I should just like to say a little about host and place names. As I saidearlier, our interests, like yours, were mainly in the ticks of domesticanimals. When the opportunity occurs, however, I feel that, in surveyslike this, collections should also be included from wild animals. Thisdoes not mean, though, that I would advocate going out and catching 
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every wild creature in sight simply to find out what tick it. is carrying. 
Ti k collections can often be made during the course of other studies. 
Iii many parts of :%frica there is at presCnt ',rCat interest in the 
bioloov of a l son'Is of wild annials, ane i trei rats to elephants, 
a- d ,c hve sOmt iWes oltlainl cd ell ent I l mate til from 

_oolo,ist s and other seicnlti .t s en aecd ill t Vae stud '.s. In all ini'ist ances, 
the full scientific nmle of the host alnnlu'l should be pit down if it 
is at all possible. Even if this name is chang'd subse'clk ltlv by some 
,_nthusiastic taxonomist a scientiliv name is much easier to track down 
than a popular one, whose usiC may be r'.,stricted to ori- partictlar 

area and of course a scientific name hi's the additioN merit of being 
the same in any language in the world! 

So muc for in-t nail!.:-l W W1aturn to) lla(T l11nl'S. Ill the 
,past, place a i 'n., I :o,.ht weie place naints, have been 

the source of tci l z i, -tpaiticularly when I was working on the 

Ken'llya Sl~ll'V C;,. t '.. t' ( n."1.,. W re 0ea1sv ellouogl tract buti others 
have upon in;l 1alin iturie! d out to be anvything fromi old Iainl 
names to the nains W tceased native chiefs. I have inow come to 

the conclusion that the one and only way to pinpuint a locality 
perman i tly is by rev.irdnn its geographical cnordinate -ven leil 
politicians haven't got round to changing these vet! When tick 
collections are being made. therefore, I feel it is extremely helpful 
for th,: senior collector in a team to have available detai.d maps 
of the area, if possible at a scale of 1: 250,000 or 1: 500,000. The exact 
site of each collection can then be marked on the map itself or 
alternatively, other nearby places the distances fromn known points 
or some such references can be entered in the Field fPe(cord Book. 
The precis, cocirdinates can then be worked out later and entered 
in the permanent records. This means that, when tlel distribution 
maps are finally cirawn up. it is easy to plot all the recurds accurately. 
It also means that if for any reason anether survey is done later, the 
same collecting points can be revisited. This can be very important 
in all sorts of studies ranging from taxonomy to investigations on 
the spread, or retreat, of eithar the ticks themselvei or the diseases 
they carry. 

In the Tanzania Survey, our baic ''colection unit" for cattle was 
three adult animats. A statistician might well quibble about using 
such a smal number but Mr. Yeoman found that this is about the 
maximum that can be dealt with at on2 time in the field over a 
long period under trying conditions. It is also about the maximum 
that local cattle owners and helpers will tolerate. Each beast was 
caught in turn, cast and firmly restrained by one man at its head, 
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one kneeling behind the hump holding its upper foreleg in a fully 
flexed position and a third pulling a rope tied to its hind legs. Care 
was taken to keep its head up-slope and to safe,uard its lower eye,
also, to see that it could breathe properly. If the iir'k collection took 
a lonlg lime tlhe beasl wvas al loiwd a lo its feet to1 rise )N'iodically 
avoid Ihe (langer r,4 bloat. A fon ri! man VI.; no I illcharge of the 
!olleclajiq, bo)0lles. hi0vin, thI c ,ll(ta fr., I -(.ajcil for iicks. 

Th, c,2,intinal1 cli animal v.- carrixied out according to a 
:-trict routil)e. slartin_', vith il.(cars and h(ad, then v.'orkingr back 
along the undersiirface of its hody to the perianal area and down th,, 
tail to its lip. Is fcet and le4s were ineelmtted. followed by the back,
rlump and flanks, then the( bea st war: turned ovc r and the remaining 
parts of its body searchcd Durina! thi.; examination each tick was 
gra-sped quickly, with Ili flat of It., feorc eps across it so as not to
 
punetOre it 1(,.L t enll ('(1 as as to
and a-; t U ri(l, possible so not 

decapitat it, and thwn turnf d ov,.r, pulled off tl i and
.il gently 

i.nmodiatilv put into) 70 1)2 eilI ethy or met hvl alcliol. When
 
large colltill.- wvre i%,iccially if rc a ot
s niadc. I it were of engorged
 
feinales present, lie alcohol was :sibsequen ty changed several times
 
to ensu that all the xpccimens wer propero Finally,
y preserved. a 

label with tibe di.;triet serial number was placed inside each collection 
botle. These labels wre ,'ritten heforelia ad in black waterproof ink 
on good ximl)er. Labels t tuck on the outside of bottles are not 
satisfactorv as they lend tngot Myt and semilegible or come off 
altogether 

At; was pointed out earlier, the South African tick survey .'as 
based on quart rly collections beause it wa; w:Il known that the 
activities of thie different stages of these parasites are definitely
seasonal there. In anm Cquatorial countrv like Tanzania, however, one 
can usually find at least a few adults of the colmoner cattle ticks 
throughout the year. Even so we should h:a.ve liked to make several 
collections at cach point in our stirvey but we decided against it 
because, under the prevailing conditions, it would have meant 
relying on relatively unskil'ed local staff to do much of the field 
work for us and we knew fmem practical ('xp.rielnee that this wouldi 
be unsatisfactolry. Instead, two airea. -Suunala nd, representin'- the 
central plateau an d ilc of ie 1)05o1 important cattle areas in the 
country. a.nd I ringa, repr,'smit ii hini,:lh ands-- V.ere chosen for 
special study. Carefiul seasonal col cctionis were made in these areas 
over a period of several years under oti' mwvi supervision and these gave 
us all idea of tlie seasonl lIaiacti'i ti'(s of 1ur comoner cattle ticks. 
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All our specimens were identified in the laboratory under a 
microscope. After examination each collection was replaced in a 
carefully labeled bottle and at the end of the survey these bottles 
were assembled under their district serial numbers and stored. If it 
is possible I feel it is important to retain such collections because one 
inevitably finds later that one wishes to ,,o back and re-examine some 
of them. 

This is perhaps an appropriate point at which to say sonlething 
about suitable containers and preservatives for ticks. I hope you will 
forgive me for mentioning what you may think is an elenentary 
subject but it ha:i in lhe: past given me a grcat deal of troub e For 
collect ing in the field we usc(l wicje-nlou( hed class bottles of atl)bni 
60 ml (2 ozI) capacity with metal screw caps. These hold plenty of 
preservin fluid and ,ie can briskly shake on,'s forceps in them, to 
dislodge ticks clingii,.g to tips. These days. similar shaped polyethylene 
bottles may be available. Thin glass specimen tubes are ueless because 
they break tco easily, and containers made of the clear, rigid type of 
plastic become brittle in time and thcl break. Wide-nmouthed Mc-
Cartnev bottles (univer.al containers) are very practical for th, lon, 
term storafe of uecimens.. The black rubber liners ins:ide the screw. 
caus deteriorate in tin:: when in constant conla.,t with alcohol or 
formalin pliis chloroform and should be replaced rither with cork 
liners faced with tinfoi! or, I'm Lod, with liners that are now being 
made from a chemically inert butyl rubber. For inornate ticks, 70 
perc,-nt ethyl alcohol is a god preservative. For ornate species such 
as Amblvonima, however, a solution of one part of concentrated 
formalin (containing 40 percent formaldehyde) with seven parts of 
distilled vater, saturated with chloroform (a little is simply poured 
into the diluted forrnalin), gives much better and morie long-lasting 
preservation of the color patterns. In fact the color pattern of an 
Amblyonuma that has faded after long immersion in alcohol is 
sometime; partially restored if it i.; soaked in this formalin chloroform 
mixture. 

To get back to the Tanzania Survey, when the identification:; were 
completed all the information in the field and laboratory records for 
each collection were tran:iferred to the appropriate District Record 
Book. Finally, a complete list of the material utilized in the survey 
was compiled and used as the basis for ou: text. 

You will find, when you come to do a tick survey, that the field 
work and subsequent identification of your specimens only represent 
about half the work involved' Getting the results together, sorted 
out, written up and through the press i long, tedious, but ultimately 
extremely worthwhile process. 

I it 
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In the Tanzania Survey we begin with a fairly detailed description
of the country itself and its physiography, vegetation and climate,
plus an account of tile livestoc: inlustry, as the background to our 
information about the ticks. 

Each lick jeci,.;i7; lhei doa t, with in turn, in alphabetical order
for easy rt ference. Relcrences to one or more ,,ood descriptions aregiven for each, 1)1Lus information on any particular points; that 'inould
be no !ed when identif ying it. (We were subsequently criticized for not
including either kc\. or d:-'icripti,,m but, we fe t at the time this wasUir.cessary, nid fllrtlwriore. it \vould hu'., really delayed the 
comp.etion of the work). 

A section onl the. host re'ationships of the tick follows. In this welist, among other things, the number of stations and or individual 
animals of each species that have been examined during the survey
and the number from which the tick in question has been obtained;
this givs some idea of the frequency with wl.ich a particular host is 
infested by a particular tick, and is importan,.. 

The next section deals with zoogeorapy and ineludes a mapa
plus descriptions of the tick's distribution in terms of the political
divisions of the country and its physiography, vegetation and rainfall. 

Several features regarding the maps dc-cerve pecial mention. It is a good idea to draw the tick distribution map on transparent drafting
film. This map should be on the same caitographic projection and 
at the sarae scale as the reference maps of th2 area that,so whencomplete, it can be laid over ofeach the reference maps in turn. Itis then easy to determine, in general terms, the tick's ecological 
preferences in the area. 

Besides the positive symbols indicating the presence of a particular
species, we originally intendd to plot negative symbols also. showingwhere it was absent from collections as Dr. Theiler did in her survey.
For practical reasons we abandoned this idea. Instead we produced a
 
master map, showin, all our collecting stations, and a comparison

betwcell this and a tick 
 dist ribution map, particularly for one of the
t'omnini cattle ticks, ilumediately shows whet her tihe blank spaces on thelatter represent the absence of the tick or are mnerely'v areas where nocollections have bcen made. (It is of course less usefull for the rarer 
species). 

A transparent copy of the political divisions map is included in 
a pocket at the back of the book and this can be laid over any of
the other maps: this is very helpful and I wish we could have included 
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overlays of the other background information maps too, but it would 
probably have increased our costs too much. 

The final section under each individual tick species deals with its 
disease relationships, if known, and the work concludes with a host/ 
parasite list, a short discussion of several conclusions that we drew 
from the survey as a whole and a list of references. Our final conclusion 
is that "field workers should base the delimitation of disease zones 
squarely on the proved distribution of the tick vector, as revealed 
by systematic survey work". 

I wish to say very little about my more recent study on the Ixodid 
ticks of Kenya. A proper survey covering the whole country has never 
been carried out but a great many records had accumulated, often 
very haphazardly, over the past 30-40 years and it seemed to be worth
while to analyse and review them. It is really quite surprising how 
much information there is, now that it is all put together, using 
much the same format as we did for the Tanzania survey. I thought 
it was worth mentioning this in case a similar situation applies in 
any of your own countries. 

The surveys described so far were designed to determine tick 
distribution, and their host preferences, over large areas, I should 
now like to discuss, more briefly, the techniques employed in one 
other highly specialized survey designed to determine the predilection 
sites of some of the common cattle ticks Fand their seasonal activities 
in Natal, the eastern seaboard province of South Africa. 

This survey was carried out by Drs. Maureen Baker and Du Casse 
of the Allerton Veterinary Investigation and Diagnostic Centre, near 
Pietermaritzburg, in a 15-month period from 1965-1966. Their aim 
was to determine the predilection sites of the common cattle ticks 
in Natal, and the seasonal variations in their activity, in the hope 
that existing control measures could then be modified and improved. 

Weekly collections were made from two undipped calves on each 
of two representative farms, one wall-managed and with good 
vegetative cover and the other with sparse vegetative cover, at four 
successive altitude levels, i.e., in the coastal zon3 (up to 1,000 ft), 
the thornveld zone (3,000 - 5,000 ft), the mistbeit zone (3,000 - 5,000 
ft) and the highveld (over 5,000 ft). The calf's body was divided into 18 

areas, each of which was dealt with separately, listed by the authors 
as follows: 

(1) 
(2) 
(3) 

Muzzle. 
Periorbital zones. 
Head (delimited by a vertical line drawn from the base of 
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the ears ventralw-ird over the throat latch but excluding one 
and two). 

(4) Pinaws (both 'urface!). 
(5) Ear passages. 
(6) Poll (inciuding- mane and upper noel: border to withers). 
(7) Neck (lat lral so ruaee, 
(8) Dewlap. 
(9) Axilla (dehimiled by a Jio joinin.,, the points theof two 

shoulders cranially and by one running from one olecranon 
to the other (audally). 

(10) 	 Sternun Ieandal sterna l ud xiphoid regions up to the 
umbilicus).

(11) 	 Belly and groin (postu3l1iijal and in, tiinal rcgions inchling 
udder scrotum). 

(12) 	 Lower perineumi ventra Ilo vulv a in the fumalc or anus in 
the male to bas, of ucld. r scrolum). 

(13) 	 Ulper perineum (from Iase, of tail around anus, including 
vulva in (helfenale), 

(14) 	 Tail. 
(15) 	 Tail brush. 
(16) 	 Feet (below fetlocks) 
(17) 	 Legs (from feHlocks to elbows slitles). 
(18) 	 Rest of body (lateral thoracic, abdominal, gluleal and 

femoral regions). 

The ear passages were careullv doticked awith fine spoon curette. 
On the other sils tIhe ii rl;er Niekwere first removed with forceps
and the site then 1hor'hly coabed ,.vjih a fine tit-comb to remove 
the remaining ticks, espccia lly t h - larva, nymphae.ant These 
combings vre ollected in a stoppered plastic funnel which had 
one side flattene siny by prom;ing it a gain.t a warmi oeotiN plate.
From this funnel they were transfrced into soparate, permanently

labeled plastic bott I-:sfor tlransport back to the IaIlboratory.
 

In the laboratory itwas found by experionce that the best way to 
deal with the collections, which contained a lot of debris well asas 
ticks, 	was to put each in turn, a 100 meshinto .pecial stainless steel 
sieve and then imrimerse the co.tenk in a boiling 10'; NaOH
solution to disso!ve the extraneous hair and wax. Great care has to 
be taken not. to boil the ticks too long or they burst and are then 
almost impossible to identify. After boiling, the contents of the sieve 
were washed into shallow 15 cm (6 in) petri dishes and a random 
sample was taken for examination -- a necessary procedure because 
of the enormous numbers of ticks sometimes obtained. This example 
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was taken by dropping into the petri dish a specially made divider, 
consisting of eight fine metal pins radiating from a central pin, which 
separated the contents of the dish into eight equal compartments. Two 
compartments were then chosen, according to a biometric random 
numbers chart, and all the ticks in them were sorted, and identified 
microscopically. 

As a result of this survey the authors were able to work out very 
precis .ly both the predilection sites of their commonest tick species 
and their seasonal activities. 

In conclusion, I have described to you several different methods 
of carrying out tick surveys. The method chosen for any particular 
area should be governesd, firstly, by what one wants to find out and, 
secondly, by the available personnel and facilities. Dr. Theiler has 
often told me that, when she did her survey, she was very much 
hampered by the lack of adequate maps. Today, we in Africa are 
fortunate in that most parts are well mapped and, in addition, we have 
in almost every country the excellent gazetteers issued by the United 
States Board on Geographic Names. This Board has also issued similar 
gazetteers for nearly, if not all, South American countries and, if you 
can lay your hands on them, you will find them invaluable. 

I am now looking forward to hearing how far you have got in South 
America in determining the distribution of your tick species. 
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CAirrcn KnowVlc(ic of Tick Specics DistributioninLatin 
 irhirica
 

Gonzado Llquo * 

Thc livestock industry is one of the major economic potentials
this continent ii 

on 
we consider the extent of paStures, the oA cattle

raising trac!ticn, and the worldwide rapid denngraphic and 
meat ,hortac. 

Amon2 m.,ln0y of l? nnliativt. 
 preveling prop:Tr dcvelopment
of this, industry a ic eclot rasi -.( thee. tick.; are the most costly
for allilmd produtt:on ill 1-11ill Aml('rica.
 

Tick.s UtI'C riia'l ioiiit ' ; lJ( iil 
 Kinodhmto th lh,- Animal;Sub-KingidomIM l;iaio ylima1lMn. Art h'mpola Sub-Phyvhunw-Tracheata; 
Class-Arachnidit: O)!der-A.;Ilinit; Fannly-Ix lict ac ; S115- familv~Rhipice
phralint, Amblyoim(,lmE 
 n.t1I:awdinae: G B'1oi!B,,phiillj,:. :i~lbyorii.mi, i)erlateIJ I r, l hipiec phuhu an I lx oies
 

Accuro,, ti,.: id ,.iificatiwl kssni an 
 1''quisite for their
control, anti to jtu,-,ilv riyOro ti.,oon ild the higJh cost of
cradicatioll pro.gralins. Much wwrol: Ilia (ime onbon morphology, 
taxonomy, prtcvelntion or ofcon trol tick infestion in cattlc. However,
there L; not enoni!j inllo, mlaion atbout dli:tiribution of certain species 
illSolm1e arcas of" this colitililwnt. 

SFnll . if \'trinalll ;-i!:,hy h v.,diri1 . IlP .+la.a,i ('i 1icnsidalcional. ]Bgot.i. I)]'; Colhombia Na

Julditur*s .i, ---- The cli>Sifivalio,, of tiv, i-gwncrall imlicahd as Fauih-Ixolih(. (1hiard lick,) a Id Argasidae (soft licks). (;I't'ra-I os, .[lIaenzI
plhysalis., loophilus, Rhii'phals. Am bl/rnma. J)cr ,nceltor, Argas.
Olobious. Or,it/odors. vt,'. 
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One host ticks 

Boophilus microplus (Canestrini 1887), 'Tropical Cattle Tick' 

Morphological characteristics: It is a tick with very short and 
compact palps. The hypostome dentition is 3/3 and the basis capitulum 
dorsally is hexagonal. The scutum is not ornate. Eyes are present 
and spiracular plates are round or oval. The male has a posterior 
caudal lobe; in the female, coxae I have internal and external spurs, 
wide, round and wider than long. Coxae II and III have external 
spurs similar to those of coxac I. Coxae IV have external, very small 
spurs or are without them. 

Distribution: It is found in Mexico, Central and South America, 
West Indies, the Caribbean, Australia, Asia, Africa and the Orient. 
In Colombia, it has been found in the middle and hot zones of the 
country. B. microplus is the tick of major economic importance in 
Latin America; it affects mainly bovines, but also, equines, caprines, 
dogs and deer. 

Boophilus annulatus (Say 1821). 'Cattle fever tick' 

Morphological characteristics: It is similar to B. inicroplus. The 
male lacks posterior caudal process. In the female, coxae I do not 
have internal spurs and external spurs are broadly rounded, wider 
than long. Coxae, II, III, and IV are without external spurs. 

Distribution: it is found in Mexico, Central America, Asia, Sudan, 
West and Central Africa, Mediterranean basin, Near East. In Colombia, 
it has been found in the municipalities of Bogota, Suba, Usaqu~n, Us
me, CajicA, Guachetd, and Pasto (Departamento of Narifio). This tick 
is close to extinction in the cold zones of the country. B. annulatus 
affects bovines, domestic and wild ungulates. 

Dermacentor (Anocentor) nitens, (Neumann 1897), 'Common 
H1orse tick' 

Morphological characteristics: Palps are short and scutum is not 
ornate. It has eyes, an oval spiracular plate with 4 to 10 goblets, 7 
festoons and coxae I have widely divergent spurs. 

Distribution: D. nitens is found in Mexico, Central America, the 
Caribbean, southern tip of Texas and Florida, and Argentina. In Co
lombia, Reyes reported for the first time the presence of D. nitens on 
bovines in Palmira. Later Huber Luna found this tick on 11 farms 
from seven munlcipalities of the Cauca Valley. 
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In 1969, Todorovic, Luque and Adams in a study abo-'t Ixodid 
distribution in Colombia, collc.:ted ticks over period of one year from 
bovines of different breeds (Holstein, Zebu, 3lanco Orejinegro, Coste
fAe con cuernos) and loand Ihera t 1robinfOeted with Habesia bigemina 
and B. argentina. 

The infection of' lhe-e an imaLt was determiired hy bood smears 
and complement Iixation tests. As a re.su(tlt of this study, I). nitens was 
found parasitizing bovillos in M nterie, Palhnirar I3ugaIugalrande 
and Surmapaz regions. 

It has al5) been rounmd oi der :orl Iydrot-hoerus hydrochaeris. A 
more completC ifl\Ct alii :; neecld to dc tenrine the role of this 
lick in hematoz1)00rio l tra smissi er to the bovine. 

Three host ticks 

Amibloninma cajel.m ens (Fabricius 1872), 'Cayenne tic' 

Morphological (haracte'istics: II sse:s loi, pailp:;. The hypostome
dentition i,; 3 3. The sNCUturn is ornate with aloundant. ale white 
marks dist ributed moe or less in a form radiatin, ial the cnter,
The female has festoeons with ehitincus tubercles at a post erointernal 
angle. 

Di.tribution: ;outhern Texas, Mexico. Caribbean zone, Central and
Soith America. This tick is a parasite of bovines, domestic and wild
 
mammals and birds. It se,ms 
 to bn he second tick of economic
 
importance in Latin America.
 

Amblyomrna maculatum. I~(ioh, 18.11, *Gulf Coast Ticks' 

3Morlhological chmracieri;t ics: Coxat, I have internal spurs which 
are short and in.significanmt. Metatarsals IT, Ill, IV, have two stout 
spurs on the distal xtrearity in the male and female. 

Distrilbmion: Regions of tih temperaturo, rainfall and humidity
bordering ol tile AtIaniis, Q cn, Guif Mexico,ofA Jamaica and South 
America. In Colomb&i, it has been forund on equines and canines in 
the middle and 1: d zone. Adults atlack cattle, u,,iulates and man. 

lthil)icmphalhs sanguineons Latreilhe 1829, 'Browin Dog Tick' 

Morphological charactcristics: In.ys, integumnt and scutum are 
not ornate (brown) and have ,pnsmall lations of moderate size. It
has eycs, spracular plates in a comma shape. and festoons are present. 
Males have adanal shields. 
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Distribution: This tick usually affects dogs all over the world. In 
Latin Amdrica, we find it distributed in Mexico, Central and South 
America, but there is not mucl, infoinmation on its incidence and 
)athogenic action in bovines. It. saliguinteus on bovines has been 
reported in Colobia in fihe municipality of Amba'ema (Tolima). 

Ixodes ricinus (Limatens, 17-16;). 'Eiropean (iastor Bean Tick' 

Morphological characteritics: The 1)alps are long. Eves and festoons 
are absent. The spiraculai plte" is oval in the male, circular in the 
fcmale. There are seven ventral shields in the male 

Distributicn: There is not sufficient information about the 
distribution of ifts tick in Latin America. In Colombia. it has been 
found on bovie.. in Eogof a and Chocunta. 

Suimmarv 

Ticks are one of the most serious pests of cattle and, of all the 
bovines' ectoparasites. they are the most costly for animal production 
in Latin America. 

Proper identification and distribution of ticks is an essential 
requisite for their control and eradication. However, tiere are not 
enough trained personnel to carry on such a high priority task. Enough 
information about the distribution of some bovine tick species is not 
available., for certain areas of LaTin America. 

13. microilus is 1he most widely Oi:-seminated tick and one ot major 
economic imuortac.ce in Latin America. Nevertheless, there are other 
species affecting bovines, such as Amblyomma cajennense and Ixodes 
ricinus which should be thoroughly studied. 
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Points Arising from Present Data on Tick 

Distribution in Latin America 

Dlarid Evans * 

A recent review (Evans, in prep.) of litcrature available to;me at 
this time (which I am sure is as yet by no means exhaustive) on the 
tick species of Latin America revealed the situation summarized 
in Table 1. What becomes pcrlhaps surprisinm1v apparent is the large
number of specie.s (170) already reported, i.e. nearly a quarter of the 
world nurubtr 1thoogstraal, 1973) also the breadth of genera (11-12)to which th(y belong. of Ilhe major world genera only Aponomna 
and I'alomma have nlot been reported. As recently as Spring 1975 
(FAO expert consultation ,n ticks and tick-borne diseases) Latin 
America was still considered a highly undr studied tick region and it. is 
therefore probable that file real tick faina in nature will prove to 
be much broader in species. 

Thus, when planning lick. studies in Latin America we have the 
definite problem of deciding on priorities. I would like, if I may, to 
offer for discussion points that have arisen during my own studies,
and place them in two sections ---those pertaining to: (a) known tick 
pest, species: and, (b) potentia! tick pest species. 

(a)It has been generally (stablished that B. microplus represents
the major tick species of economic importance to the cattle industry
in Latin America. However, there is still a need for us all to exchange
recent species lists to establish the present international limits of 
this, and other possibly widespread ticks. Much of the literature on 
which we currently depend is based on old and scattered reports; these 

Visiling ll,,searl Assoviath. CIAT: and CNAA Plh. 1). candidate. N. F. 
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TABLE I Summar', of the Latin American and Caribbean tick 
fanna-. 

N ulinbcr of specios 

Family Genus Colombia Lat in America World' 

Ixodidat, I 1.,des 12 48 250 

1.4,,4 0111111(1 30 52 100 

Der av'entor 1 11 31 

ID...nlvcvnto(r 1 1 1 
//eIII1z1,Ih sIi. " 6 150 

I1d1 Pi( )tthIIIS 1 2 63 

B,,odphilws 1 2 5 

Argasidae .,tli,,,! 0 1 
I1rgas 4 7 50 

Orit,dor,,h 13 34 94 

Otbil., 0 2 2 

IItri(',Ia 1 4 4 

Total 1 (12) 68 170 750 
9', 231; 100 

lloogstraal. 1973. 

need updating in terms of possible increase or decrease in the species 
actual or known range, or corrections due to advances in our knowledge 

of their taxonomic status. 

A second requirement in cxtending our knowledge of the major 
tick pests is to define their distribution limits within our various 
countries and equate these with topographic and if possible climatic 
variation. We have heard from Dr. Jane Walker (1975) both of th(

effort but also high rewards of such studies. Once we hav'.a reasonable 
id2a of those regions that provide ideal and marginal conditions for 
the survival of such ticks we would be in a ?ood position to conduct 
rational, intensive ecological studies on each important specie with 
stations at atc locations with respect to iis ecological 
requirements. 

(b)Let us now look at potential pest speci s o! ticks. I think such 
a consideration is necessary because a rich tick fauna creates a more 

complex situation with respect to their control. We do not have the 
same, more simple situation as one of the other Boophilus - plagued 
continents, Australia, that appears to have relatively few tick species 
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other than Bcophilus microplus. Thus, although may learnwe 
from their experience, there 

much 
may be important modifications toincorporate. The que.stion arises, which of these other numerous tick 

species should we worry about? 

The first problem concerning potential pests I would like toconsider is the comparative impact of closely related ticks as vectors.
ReCc( it taxonomic reappraisial of certain species has: given separate
species status to :everal ticks that. were once recorded as one. Examplesof those that may be pertinent to the cattle industry are AmblvommnacajCnnense whfich i.; now known (at least in Mexico) to have included 
a smaller form, ,mnfl'yonna imitator tKohls, 1958). Also, early reportsof Amiblo~mna mac ilatuni showed the lick to b: widespread
throughout the countries of Latin America. It is now known haveto
consisted also el A tigrinmn and A . triste (Kohls, 1956a) . The
geograph V, distribution (A these species (which are fairly simple todistinguish il axolm jically) now. needs reappraisal. As Dr. Jane Walker(1975) has inidicated, no two species are precisely alike in their
requirements; fof s uvival. 1I remains to be studied by the epidemiologist
and ecologist wtwlher tihey are significantly different warrantto 

special attention from 
 the 1ran for whom we are really concerned.. 
the stockowner. 

Lastly, could I raise the question of how much attention should
be paid at this stage to the problems associated with the increased
host-range of ticks in Latin Amirica clue to man's activities in thecattle industry. These new tick-host relationships may be summarized 
as an equation: 

INDIGENOUS IICES 

WILDLIFE DOMESTIC STOCK 

EXOTIC lICKS 

This is the sit uation when dlomestic stock and their ticks are
exposed to the indigenous faulla of a new country. exoticThe ticksthat survive continue to cause piob:es theto host specie on which
they were itroduced. They may also form reservoirs on the indigenous
vertebrates. In addition, the introduced domestic stock may suffer illeffects )y acting as exotic susceptible hosts to the indigenous tick 
species. 

I would like to offer you a resume of Latin American tick specieswhich judging from the literature (Evans, in prep.) appear to have 
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in a cattle horses wildlifebercome involved to a grcarer or lesser extent 
host spectrum. May I call on tlie dclegates to offer their experiences 
on the economic significance of these species? It should be noted that 
generalist, non speciI !, ,i,)t ticks usualy 1pose the most problems in 

.fornuiati mr conl!,",! IW!' Oeltiinly eradication) rei es. 

Sinnmar, of ticks %%iti (attic borse,; a wildlife host spectrumn 

Ixodes toliviensi, 

This tick is cons:-.'d a synonym of I. bicornis by Kohls (1956b) 
and is distributed thr,oighout Central America and the Northwest of 

South America. It iS reported as reaching high numb-rs, e.g. dogson 
in British Hlonduras (Varma, 1973); there are other scattered reports 
including its presence on cattle and horses. 

Amblyomnm Uajeniiense 

It is usually quoted as the second mos-t numerous of the widespread 
ticks in Latin America. aftcr B. mieroplus. it. is becoming a greater 
pest in localized regions. Now it may be necessary to study it separately 
from A. imitator as mentioned earlier. 

Ambivomma coelebs. oblonguttatum and ovale 

They are wiclspr:acl throughout Latin America. However, judging 
from the literature the tick is present on wildlife and horses but not 
on cattle. A. ollonguttatum was the second most numerous tick specie 

in the British Honduras Survey by Varma (1973) (the, first being A. 
cajennense). 

Amblyomma maculattmu, tigrinumn, ii-ste 

It is apparently widespread but, as mentioned before, there is a 

need for recent accurater information. There is also a great need for 

more host information of tigrinurn and triste to establish their origins; 

triste is at present so little known in tern;s of its hos't repertoire that 

it appears from the literature as an "indi.,enous tick of cattle". 

Ecological knowledge of the.e two "new ' species is non-existent. 

Amblyom:na tal)irellum 

It is reported as a generalist species in Central and northern-South 
America. 

32 



A. tuberculatum 

It has been reported on cattle but appears to be restricted to Mexico 
and Cuba. 

A. variegatum 

It is an introduced species on cattle from Africa; its present status 
in North-East South America and the Caribbean is unknown. 

Dermacentor albipictus, dissimilis, occidentalis and variabilis 

They are chiefly Mexican problem ticks as far as Latin America 
is concerned, unless inadvertantly introducCl to the southern 
temperatc regions of the continent where the seasonal climate may 
allow its unfortunaLe establishiient. 

Dermacentor (Anocentor) nitens 

It is the well established Tropical Horse Tick of most of Latin 
America: the real economic damage of its infcstations on horses (a
vital component of our cattle indust Iy)and on cattle is not established. 

llaeimaphY'salis juxtakochi 

There are scattered reports on cattle, horses and wildlife throughout
Latin America but very little data on its significance as a pest, even 
on a localized basis. 

Boophilus annulatus and microplus
 

They have clearly established 
 pest status but does B. inicroplus 
form reservoirs on the indigenous Latin American fama? It does not 
appear to have occurred when introduced to Australia. Is it still 
sufficiently unchanged physiologically to be ahle to transfer the concepts
of its vector potential and ecology learned elsewhere? 

Otobius nIegnini
 

It is a pest in localized dry regions all over Latin 
 America. Is 
it at the final limit of its spread? 

As a final word, may I apo'ogize for the lack of real factual 
info'mation in this brief communication but as Dr. Barnctt said in his 
intr'oduction of me. I have not been here in Latin America very long 
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vet. I would like, however, to thank you all very much for the 
opportunity to have raised some questions, opinions of which I hope 
we will now hear. 
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St"iiiitai Nof Iiscusiolis of Papers by: 

(ffh.1 Wal1ker 
(;onizal(o !t(qJu 

!)ui'id E'-lls 

Dr. Jose M. Payno from Bolivia, referred to a study which has been 
carricd out over the lost four years on the distribution of ticks in the 
Andes and Valley regio,.s of Bolivia. The species ident ii,:d at present 
are: 

lBoo)philus microllust 
 which is the most nurcrous species and the 
one causi l, the greatcst problems. It has ben found on bovines, 
equines, and ovines in Santa Cruz al 430 whtr: in the departments 
of Beni and Chuquisaca at 145 and 420 mol , and most recently 
in the Cochabamba area at an altitude of 2,7i)0 imectrs where 
previouslv only Ooiu, megnini was (itected. In Cochabamba 
there ana so problems wit. :aplasmoini antid babesiois. However, 
it is not knlown i1 this pro!)lrin originmit e; ireml catl in transit 
or if the tick vect is are bein ace ima ted ) Ihe area. 

iloophilus anuilatus ticks have b0en in eqnv-ly countCred. 
oThe females are tifficultdifferen iate fronn. Imicraplus but 

since the males, do no! tails. are tohave tihey easier distinguish 
between specics. 

Anib)lyonima cajentense has been found in sub-tropical zones 
on bovines, humans, deer. equine and ovine from 420 to 850 meters. 

Amblyomma maculatun is iess abundant; it has been found in 
the Santa Cruz area at 650 mcters and in the Llanos at 430 meters, 

Amblyomma americanum has been found on bovine, anddeer 
humans between 145 and 623 meters. 
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Otobius megnini was found on bovines in Cochabamba, between 
2,500 and 2,700 meters 

Dermacent~r nitens was found on equines. bovines, and deer 
in the area ef S:nta Cruz. 

llaemnlapl)hsali, sp. is belicv-d to bt, present in BO!ivia but has 
not been idea! ified vet 

Ithipicepihi lus S'il !,litvIN was fouid in the Lhanos in a sub 
tropical ,a ''0 mtluvs 

1~Olxt's s( I liii 'V. > uan U !n San ia Cri isen bovines between 
1.98() au~i 2.0' :p'.' < 

'i l'ittnior rl1at n . imind o 1)ihs anti humans. ini 
Sanlta Cruz :,! lt 

Dr. Mawc,,o ho ,u IVITA, lhe University (vfSan Marcos, Peru. 
states that P incide-nce -f ect anrasi tes is seasonal in the cattic 
zones of Puca ipa where the rainyv s asot, ,mns iroi Otoboe(r to March 
and the dry season froi!, Mkareh to S__ateinber. He inldicated that in 
parasitism studhes done xtic ,atthc are movevith which w suscptible 
to tick infestations) tl,, foillowinl tick -pciU.S wc! fowll d: Booplhilus 
micropls. B. annuilatus. B. dveclor:,tus. iid ()toius niegnini. Of all 
ticks collected only wa.; found to be 1B. decoloratu.xi> 

Dr. Jane Walker from South Africa sugocst ed that the presence 
of the one l3. decoloratus specimon probal)y repre:sented an aberrant 
spccics or was tahen fr an anima! r,.c-ntly imported. 

Dr. LUis G. 131Itran lion: ,IeC'ico omrtsented a summary of tick 
distribution in Mexico jn a 1 .itative form and by State. The study 
took six year:; to complete with the participation of :3.000 collectors 
throughout the countrv. Ticks were collected from wild animals and 
bovine,. At pres-nt 250,000 Ixodidae spccima-ns have been exLmined 
and 25 species classified. 

Dr. Walker added that inclusion of wi d animals in a tick survey 
was very important in ord( r 1to find the. genera Amblyoinina. 

Dr. Gonzalo Luque (Colombia) asked Dr. Walker if the collections 
in Tanzania were made qualitatively or quanitatively. She replied 
that all the ticks presented were collected with the exception of 
Boophilus. 

It was suggested by a number of participants that a tick reference 
center was needed for Latin America. Dr. Ronald Smith fromn the 
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University of Illinois, suggested that the Acarology Socicty of the 
United States could classify ticks and spread information throughout. 
Latin America. Dr. Stephen Barnett tEngland) indicated that perhaps 
Latins would prefer a Latin consultative group. 

Dr. Beltran stated that 9(0 million (Mex.) pesus xould be invested 
to establish the Tick Rr'search Inistitute in Mexico which could serve 
as the tick refemier cenitr for Latin America. While Dr. Gonzalez 
from Brazil added that there w.as a very good collection of ticks known 
as the "Cross Collection'" in Brazil. 

At Dr. Barnett',; sngegestiom a likI of lick taxoinomists in Latin 
America was compiled by con tries. 

ArgeCntina: Drs. J.C. lvancovicli atid ()scar Lonibardero. 
Bolivia: Drs. J.1M. Payiio and Raul Giock. 
Brazil: Drs. J.Gonzalhz, H1. Espilnola and Ilieshman. 
Colombia: Drs. G. LulqUe, G. Matus '1ind H. Du'ar. 
Mexico: Drs. L.G. Blltran. Alfonso de la Torre, Anita Hoffman, 

Irene Edith Carnale , Jorgc Aguirrc Esponda, Manuel Tara
ceua and Manuie Ciavarria Ch. 

Surinam: Dr. Deryck W. Heineman. 
Uruguay: Dr. Sumino. 
Thcre were no taxonomists for Chi,,, Costa Rica. Ecuador, Gua

temala, Paraguay or Peru 

Dr. Jodo Gcnztalez {Brazil) inqui rcd about t , possibility of crossing 
B ophilus microl)lus with 1. annilatus. To which Dr. 0.H. Graham 
from U.S.A. replied that he had participaied in exocriments with 
crosses of Boophilus microplus with B. aimulatus. The F, males were 
always sterile while the F, females were always fertile. He suggested 
that if, in Mexico, both species come into centact, dUe to the sterility 
factor one of the species will eventually become dominant. 
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Planning Rcscarclh Support for Tick 

Control PrOgr Ills 

0. H. Graham,* 

It is obvious hat no two tick control programs will be exactly
alike and it folkwws thal. if the supporting research is to be efficient,
it must bI, (l,..1i1 ,d spcificall.; for a particular control program
(itiling th( aIrly innin :-tagcs of that prograrn. But, it is certain
that a natinal tick contru, pri anm of any magnitude cannot succeed
Without Ihe SUlIlYN::l Of a well oruaniu,. OlJjcctivC-0liC, tC(i research 
grou1 . MaicVic it
:Ild b' ilnititled at iast tVo years bofore the
Start I o lailc, ale ceIltrOl rorjll an! fands ("for research
should I-e ilict'idd iii thc bllcl-,t for the (ontrol l-Ofrall ExpeliCnce
indicates that c:pendituroe.; for rlarc.h Mhouldt amount to 10 to 20 
pIWIC1nl Of 11iW Liit(11 J)(Ht oil tic.k control or cr.,dic-,fion. 

iAWtWIleil IIeV's a VA)11n ont h resarchers areobligat.d by cirlim tai.cS to devote their atelltioln and Cnergy to
short term :1 dieso tIlosc probelll that. are viial to the success of
th celnto prC011201 UnUallv, this vill re-an that they cannot under
take highly so)hlsticated resenirth of a basic niture and that they
will have to attack n.w problems as they arise before they have had
time to fully answer all qucstion. to which they previously addressed 
themselves 

At. this point it is interesting to considcr whether or not the
ultimate objective of the control program will be the eradication of 

* Rlescart-li on Ii>,itock In.-,t' ,. .kgricullural RIcem arcli Service. U.S.Departmet of Agrivulure. U.S. livesowk I -cls L,aoratorv. P.O. Box
232. Kcrrvillc. Texas 78028. U. S.A. 
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one or more species of ticks from a well defined land mass or merely 
to reduce the population sufficiently to eliminate all or most of the 
economic loss s produced by that tick. Certainly, eradication is a 

laudable £i,al i' it can be justified economically and i t (,an be 
maintained aftc it is achieved. but it should not be undertilkcn without 
giving' car! ful considt rati 'n to the myriad of tproblems that are a 
part of every uradication program. Usually, eradication will be 
infinite!, , r, to and vastly expensiv-if:icnlt achieve more Ihan 

"he 99 IV flt cow'irol that is lm'ql d forpcirccil! vatevcrr 
alleviationi of he ,coomic losqcs i sloild not even he at tipted 

uness 11!'e iL rasrcnable assuirancea of s.- awldian 'vl g reator 

certainty ti t irccc :! f11cm tlia' -' cani tbe, iai taiied if it is 
achi,-- . In 1, ctse, of ticks and 1'1 prl.-cnlt stat, o' the art and 
science of lick cclwntl,. a isQ difi ult to vi.sualize a :soiind national 

eradication :i oc ramr Or :in- well cstabislc d Ihrce-h st 'ick or even for 
a one 1host specks that parasitices a widt varicty ol hosts. 

Ticks are v>ct crs at S0 hu discases,te of I ast rioslinict iian some 

of then vrv important. But since man is onoIan incidental host 

for th(cse Iick., \vi'il the po(sibi cxci- ,in O( )rnithoioris pm-cinlU: 

domestieus in East Africa. there does not ,iirr to be much hope 
that these diseases can be (iniated by e.acti jatiln the vctor. This 
viev nmay ehange if hihi. lwa cti a l biogical tr i (-)ntiol 1ilcaslles 

should ever availtble. the meantie, if domest ic animalsvcbecom. In 

are the sole. or virt.uallv th e L . hosts of e oarl icular tick. we are 
then justificd in at hna.t studyiri th icasibility of eradic'aion and 
we can ju,tiff, tlhe re rndit IIre 01 )ibliC funds for res:ear:Ph on the 

control and e aci'at:oun of >uch a tick. Eradication could also be 
justified ifwcec are dioalingrpvith an economically imnortant tick that 
has reccnily appcared ini a new area of limited size or eists in an 
area which isnot .olo;pically very suitabl, for its survival. 

Research up ogranis nust be scaled to the size of the contemplated 
control program and mnay be very simple investigations carrird out 
by a single scientist cr may, at least in theory, be complex programs 
that utilize dozens of researchers from a variety of scientific disciplines. 
For the purpose of our discussion, I would like to consider all of the 
research approaches that are most likely to le usrd in a large, national 

eradication program that might continue for 10 to 20 years or longer. 
But please remember that not all of the rcsrearch findings would 
have to be generated within one bureaucratic entity-much of it could 
originate from outside groups, universities, for example or international 
organizations, and the information would be equally useful. It would 
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only be necessary to integrate the data into the overall picture much 
as we fit the pieces of a jig-saw puzzle together. 

In the process of planning and organizing our thcoretical research 
program, we utilize the andcan training talent of scientists workingin at least 12 disciplines. The categories arL artificial and the
nomenclature somctimc: varies, but let's look at the following 
approaches: 

(1) Taxonomy 
(2) Morphology 
(3) Physiology 
(4) Behavior 
(5) Ecology 
(6) Geneticsi 
(7) Arthropod Toxico'ogv 
(8) Host-Parasite Relationships 
(9) Disease Transmission 

(10) Epidemio~o-y 
(11) Maminalian Toxicology 
(12) Biomctrics 

The contribution that each of the above specialties might make
to the planning and conduct of a national tick control program can 
now be briefly examined. 

Taxonomy 

As Jane Walker has already explained very c&early, a sureknowledge of' lhe species with which we are dcaling, their
distribution and their recognition are fundamental. We must know 
our enemy if we are to eliminate it. Accurate descriptions of species,
keys to identification, reference colections and expert taxonomists 
are all needed for the correct identification of ticks just as they are
for any grou Ip of plants or animals, but tick surveys will not be any
more valid than ite collection records on which they are based. Itwould be difficult to overemplhasize the importance of obtaining
adequate numbers of samples and of maintaining detailed, accurate
records. This usually means that pofessional people who already
appreciate the importance of these fundamentals will have to makethe collections or that field collectors will have to be carefully trained. 
It is essential that collectors appreciate the importance of obtaining
samples of both sexes, all stages of deve'opment and all species that 
are present. Field records should accurately indicate seasonal incidence, 
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hosts, abundance, geographic distribution, and such essential facts as 
whether or not tho hosts were native to the collection place or in 
transit. 

A1Iuplil0 oy, 

Ini their stadies of arthropdztl morphologists must correlate forI 

and functitn and, therefore., they often link taxonomy and physiology 
together. Aln aciquat e undrstanding of growtlh, nutrition, reprodic 
lion. lonevity and othoht vital functions of the organisml, depends 
o11 infOrmnatiol a t lnt' 'Arut!ue and activilv of both ill, internal 

a'ndIeXternatl orans and st-i1"es. 

Th. elc'tron mi'c scope has mado it passilo ifr morphologists t) 
cxtc nd our kno',Iede' ot the fine strucIt nre of ceils and tissues. The 
scanlin ni",e ccosco:x has proven o be especially useful for 
stuody, ting ald tltier ivihroo:ds. I,.I ,arcat ran go of magnification 
and rcmar .Ia (icptlnh i focus have given us an improved under. 
s~andin, of a 1,,. rIli. ne. .nd fu nction of a Structure (,r organ. 

If a orua. I.vel o,de o: the physiology of the tick is not 
already availabl from the scientific iterature. it will be desirable to 
undertake a limted an'ount of research on the normal physiology 
of the target species ns an adjunct of the control program. These 
studies will provide necessary background data for studies in arthropod 
toxicology (which aiv usually studios in abnormal phvsiolo,v). 
nutrition, growth, and reproduction. 

It will almost al.vays be necc-ary to coonize the tick in the 
research laboratory as a necessary first step to studies of chemical 
control, genetics, disease transmission, and biological control. 
Physiological studies provide the fundamental information upon which 
even small scale colonizations are usually based. The in vitro rearing 
of ticks has met with only limited success, but it is easy to visualize 
programs in vhich it. might become urgently necessary to devise. such 
tc ?hniques. Some progress has been made in membrane feedin,,, of 
ticks and other hematophagous arthropods but ]argw, scale in vitro 
rearing has n(t been attempted. If parasites, predators, or pathogens 
are to be used in a field, the normal growth patterns of the lick must 
be understood. The po;sibility of using pheiomones in control progtrams 
is exciting because of the promise of improved efficacy with a minimum 
of environmental hazards. Obviously, physiological studies which would 
provide information on pheromone production on tick responses are 
needed. 
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Behavior 

Tile life cycle of ticks is divided into two distinct parts, the 
parasitic and non-parasitic phases. Tick behavior, which has received
only limited attention by a very small number of researchers, must 
tlerefore be studied on and off the host. Since behavior in arthropods is 
believed to be an a utonii rsponse to stimuli, it should be worthwhile 
to know lnii 'Y a t .t,,ilie stimuli and the responses induced by 
them. 

The a.pect.s of parasitic I:ihavior nost ikely to have economic 
conrolations an, feeding and mating behavior and the selection of 
host redilection sit es. In tle non-parasitic ife cycle, the selection, 
if any, of oviposii,.n sits'; and qiucsting of unfed larvaetli,. behavior 
sI rongly. infl(.nce re roductit.e success and larval longevity. 
Inf rinnat ion ai :out I le inluence of (;nviionni onal factors oil behavior 
in most tick sjeci s V flly inajCt(7ite and research is usually 'leded 
that will lprowide the specifi dalt for n-, or more species in a definite 
geogra~hical reionl. Since tlie onfedo lr craf utilize food carried over 
froll the ,.,gtar, 'as Iheir so't, s).ource of energy, it is lhviolls that 
their hi' iatly lhortened it'they are hi',hlv active. The 
maintenance of water balance, also critical to larval survival, is also 
influenced 1)v behavior. If the influence of climate and weaticr on 
behavior v,v bct le uidrlestoo(, it might be possible to impriove the 
effi.iciicv of cont rl Imleasures, e:specially pasture nianag ement 
alpro:Icl,.s to control. Untortuna te.. we do not presently have enough
informIIlation(111 O 11 betiavio' to be able to recoinmmend managemlent 
p1ractie.; thait \Volild sl(rt ,iithe life of unfL-d larvae and re(luce the 
lime Il:i a iare 11111st he vacated illo'dt' to control FH1p1iIus 
.tptcies.
 

Mae s i i nd (tHer aspects of ieproductive behavior arc critical 
points in t lie life cycle of most ticks. If normal behavior could, in 
some way, be disrupted, an advantageous new approach to Control 
could be devclop!cd. The behavior of one-, two--, and three-host 
ticks is obviouslv very differen[ and it is generally acceptcd that 
lhree-host tick; experience more hazards to surviva than one-host 
ticks. In any case. if some drastic altration in behavior could be 
induced by man. cycle woul,,!oc (Wis tick controlitclk ife r'pted arind 
would result. For instance, if engorged larvae of a one-host tick could 
lie induced to drop fhor the host prior to, or at the time of, molting
tl'uy would, very likely, never find another host or if any of the unfed 
stagec of a three-host tick would lose interest in host seeking, these 
individuals would be eliminated. 
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Ecology 

If, at sonme future date, non-chemical contiol measures for ticks 
are to be imulemented, their successful use will almost certainly 
be based on at least a partial knowledge of the ecology of the species. 
Biological apl)roaches to the control or elimination of any arthropod 
must take into consideration the role of the t aruet species in a plant 
and animal commnity. 

In national nrograms cIf control or eradication, the availability of 
mans 1hat indicate the various ecological zones in an eradication area 
are essential to sound technic,al manag: Inert of tIe t)regram just as 
poliLical maPs are Cs.,ltial to administrative managenent. With 
adequate cco~og-ea1 data, it would be -ossible to prepare naps that 
indicate the zones in which: 0) the tick would probably reproduce 
rapidly in the absence of control measures: (2) the zones in which 
pOpUlation fluctuates drastically according to \vc her conditions and 
other controlling factors; (3) the sub-optimum ,zonesin which survival 
is apt to be tenuous: and, (4) the zones in which survival is not normally 
possible. In most countries, the number of ccolo-gists studying ticks 
in the field is gross'y inadequate and. although such st udie ; tend to 
be long term, many large scale control prograns should be supported 
by some basic stuclics in ecology. The sllccesful use of pasture spelling 
for tick control is an iliustration of applied ecology and in most regions 
a more thorough study of tick ecolog in a particular region will 

permit the preparation of improved recommendations for pasture 
spelling as well as other livestock and pasture management 
procedures. 

Genetics 

Insects such as Drosophila melanogaster have been used by 
geneticists for many years as tools for laboratory studies, but the use 
of genetic approaches to insect control is a recent development. The 
prospects for using genetic mcclifications as tools in contiol programs 
appear to be e.xcellent, but most of the techniques are stiil unproven. 
The most successful use has been the induction of sterility in male 
screwworm flies and the release of large numbers of these males to 
mate with native females. In this instance, the males are not truly 
sterile, but irradiation is used to induce a large number of dominant 
lethal mutations in the sperm. As a result, the eggs do not hatch 
even though they have been fertilized. Other genetic approaches have 
been proposed for other insects, especially mosquitoes, but have not 
yet been proven by large scale usage. 
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R.H. Wharton has expressed the thatopinion genetic
manipulation does not appear very promising for tick control andcertainly a great deal more research would be required to implement 
any approach prcsently conceivable. However, the F hybrid, males
produced by cross mating Boophilus annulatus and microplusB. are
sterile and in small scale tests these males successfully competed withnormal males of either species for mates. Bfore such males could bereleased in the field in large numbers, large scale rearing procedures
would have to be developed and techniques for separating males from
females would l)robably be mandatory. Continued research is justified,
however, because of the potential usefulness of such an approach in 
areas where ticks arc; resistant to chemicals and also because the 
technique might be used to eliminate low populations of Boophilus 
near the end of an eradication program. 

Genetic studies have contributed to a better understanding of theresistance pheromones in both insects and ticks and are a high priority
research item in regions where control agencies are faced with a
resistance problem. While the studies undertaken, such as those in
Australia, have given us good explanations of the genetic bases ofresistance, they have not so far provided a means for avoiding it nor 
an adequate explanation for the failure of resistance to appear in 
regions where conditions seemingly favor its appearance. 
Arthropod toxicology 

For at least the next 10-20 years, and probably longer, any
national tick control or eradication program will have to be based onthe use of conventional chemicals -the acaricides that are presently
available or very similar ones. In such programs wc usually are most
concerned with the selection of the efficient acaricide and the properdosage, -safety, cost, stability, availability, etc.- are secondary consi
derations that are evaluated only after we know that the chemical is an
efficient tick killer. As a result, arthropod toxicology is usually studiedin three phases. With Boophilus species, for example. candidate
acaricides are first tested in vitro against a non-parasitic stage of
the tick, either the engorged female or the unfed larva. In the second
phase, the most promising candidates are applied to a small number
of infested cattle to determine their toxicity to mcetanymphs, young
adults, and engorged or partially engorged fcmales. The third phase
of testing is conducted in the field in a variety of practical situations
that, among other things, provide information on the protection ofcattle from reinfestation by the residual action of the chemical.
 

In regions in which insecticide resistance a
is major consideration, 
studies in arthropod toxicology should be intensified so as to minimize 
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the impact of resistance on the control program. In every program, 
the means of monitoring resistance should be provided for inti1t early 
stages as p- mipt recognition might, make it possible to altr program 
strategy and avoid failh.:,',. Whil- expei'icii('e in Australia and Brazil 
indicites that resistance to o'iher ciemica;s :tsua ly rapidly follows 
the iiirst appearance ot rcsistanc'. there is a j)0s ihility (f devloping 

t of re'sistan(ilce 01treatmint re,in:s that will delay ilhe ap ) lllel 

soften its impact on [ho progran. The greaeCst n ed scems to be for1 
the diseovev dcvelopment clnir iy n 'w cilcurnal: iiainr oI nrelated 
to these presenllv in use, which kill ticks Lv an entirely new mode of 

action: Wharton f11974) has ci-ct.-,d this in considerabeA det ail 

llost-patrasitl, relationshilps 

It. is generally accepted that some breeds of cattle, for example 
the criollo cattle, of Latin America and the Zebu, are more resistanl 
to tick infestation than the European breeds and it al.io appears that 
in individual animals of any breed, inherited immunity can be 
stimulated or intensified by exposure to tick infe.station. This sugests 
that it. might be t.ossiblc, to pr'epare an inoculation for cattle that 
would increase the ievel of ilmmity to ticks. Also. considerable 
thought has been g, especiahv in Australia. to the selection of 
blood lines that would be highly resistant. 

Unfortunately, not enough is known about the immunity factors 
themselves and the exact manner in which they prevent tick 
attachment or feeding. Cattle breeding is a very complex procedure0 

and Itis not usually practical to secet -for only one trait such as tick 

resistance and ignore dozens of' other trails wvhich nay I)e of even 
greater econmic importance. Also. an animal geneticist cannot 
usually expect to work with ,ore than 10 oi' 15 .,enerations of cattle 
in the course of his career while IHoophilus will probably l)roduce as 

many as 100 generatio'ns in the same period of time. Just as ticks 
develop resistance to acaricidal chemiials by selection, they could also, 
at least in theory, acquire r(sistance to the biochemical or physical 

traits of cattle which produce immunity to ticks. While host, rusistance 
is obviously a useful adjunct to tick control and might, under some 
conditions, be the most important part of an "integ ated" control 
program, it appears that, at least until more is known about resistance 
mechanisms. the tick problem will not be eliminated by this approach 
to control. 

Disease transmission 

The speciEs of ticks which are most likely to be objects of national 
control or eradication programs are those which are also vectors of 
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serious animal diseases. In the course of a tick fever eradication 
program, cattle in tick-free zones losc- their immunity to babesiosis 
and are highly susceptible to infection if carrier ticks are accidentally
introduced into a "clean" area. In most countries, Buophilus spp. are 
also important vectors of anap'as;mo.sis but are not the sole vectors. 
If Boophilus spp. are not. present to infect young cattle during the 
first few months ot their life, the, animals may suffer more severe 
effects if they contract anaplasmosis as adult cattle by exposure to 
other ticks, biting fllrs, or infected instruments. Some knowledge of 
the tick-transmitted diseases in a contry, region by region, is therefore 
needed for the proper planning of tick control or eradication. Research 
on prCmunition an d drug prophylaxis and Ilherapy are important 
adjuncts to the overall piogran. 

Vector eapabilitlv studies should be coordinated studieswith of' 
tick ecology and genetics as there are indications that s-me strains 
of B. microplus are more efficient transmitters of labesia than others. 
Vecor efficiency may a0:nc )e, affected by environmental conditions 
and tie fate of t1 wcbovine species of' Iabesia in non-bovine tick hosts 
,1uch as horsts, d((T an1d slh p) is very poorly understood. The vector 
capability of the male Boophilus is not. known, but could be important 
Silce m1altl'tire'mals canl1 tralsfer froml olie another.host to These and 
other aspects of disease transmission coud influenc, the ofcourse 

an eradi-at iw 
 pro-ram and deserve research attention. 

El idemiology 

In a sense, the epidcmiology of ticks and tick-borne diseases is 
merely one aspect of applied ecology. However, it is a science that 
consoliuates all of the information pertinent to vector and discase 
incidence and dissemination. If sufficient epidemiological information
 
is available, spread of the tick from its endemic 
zones can be minimized 
and technically sound quarantines can be established. The study of 
epidemiology is undertaken to understand the fluctuations in abundance 
and spread that have been observed and to anticipate those that will 
occur in both the near and distant futil.c 

Epidemiological studies and predictions have to be based on data 
and their usefulness is directly proportional to the quantity and 
validity of the available data. Climatological data, tick surveys,
livestock census reports, and ecological studies provide timely facts 
that can be combined with background information on the life cycle 
and behavior of the tick. 
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Mammalian toxicology 

These studies, as a phae of a tick control program, would probably 
include pathology and the determination of pesticide residues in 

animal proclucts intended for homan conslimption, but would 
'oncentrate ol the undesirable effects o1 lick control maltkrials wi 
livestock, other beneficial species, and IIt( enviroillntill All pst icidc." 

are to some degree poisonous to higher animals so t hc mai mlian 
toxicologist must (stimate the margin of safety for c.ch product; that 
Is. the ratio between the lowest toxic (lose to each class (, livestock 
and the minimum effective dose that will control l arltl ,d. The 

margin of safety can vary greatly according to sp.cies a ll age of 

the animal, nutritional level and the impact of other stress factors. 
In a national rc-ram. it is almost inevitable that some poisoning 
will occur, but if the cause of each is determined, the numb,-r of such 
cases can be minimized and the use hazards for each pesticide can 
be estimated. 

1Residues ot m aic pYimal ae importanttidhs il I ocLies t pub'ic 
health consicierat.cns whenever any product is us-d extensively. The 

magnitude and impact of residues are carefully studied befor a nCw 
pesticide is approved for large scale use. but. those studies should be 

continued during the course of an eradication campaign because use 
conditions affect the storage and degradation of these products ill 

the animal's body. The techniques for determining residues are highly 

meticulous procedures in analytical chemistry and considerable 
advance planning and preparation will be needed if thes-: determinations 
are to be carried out correctly. 

Environmental contamination is usually a minor hazard in animal 
parasite control programs, but program personnel should be alert to 

possiL-'e dangers and avoid the contamination of water sources, soil, 

stored food, or human habitetic,ns with ;-sticics. Inspectors and other 
persons whose duties might cause them to bc frqctuc utlv exposed to 
p esticides should be carefully trained in personal safety pioCed ure; and 
provided with safety clotiiing and equipmenAt. It th Sf: persons are 
exposed to cholincsterase-inhibitin" chemicals, arrangements Aiould 
be made for periodic determination of their chohinesterasc levels and 
removal from exposure if significant dccreases in cholinesterase are 
observed. 

Biometrics 

The exact function of a statistical group in a program will depend 
on the size and scope of the program and its ultimate goals. The 
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accumulation and interpretation of statistical data might be a minor 
function in a control program that could be accomplished in the
epidemiology or some other section or it might be a distinct activity
in a large, national eradication program. As a general rule, the 
biometricians will not be ablNe to co'lect data but will interpret data 
()t)ained ' fieldfrom reports and oilt r sun rc(. In this; regard, it is 
import ant that fieldc persoinnel not be aw 1 reportS.verb with rend 

statistical Or olherwise, as report preparation 
 s:hould not inte(rfetre with 
primary dotic.s. Good judgLmenl -Ahould b, ccercised and proposed
reports sLotll c be reviewed from sev 'ral dificr11t vitv 1 oin ts;to insure 
that the ciata all( 11h comlusions dr-awn from the data ar.. essential 
to tihe IIplolpli u]lagellmelt of the' progra n a ci ',;willcontribute toi 
pi'0(irllu suclcess. 

(Conclusions 

The Iuchnical aspects of aii organizod tick control prograin t:at 
is nationa] illscope can be andproperly p lanned controlled only if 
ii curl, nI, reliable tcichnical inform at ion is readilv available. As a 
gner'll r1ue1, nseaecih carried Out ilno h r 'nllltri es. ';,, th ough sol 
of it may be pelt Hilnt, will nt b, adccjuat O fully appiicable to the 
cOnlltV wii tile iild soni_ r. il viii 1)"ricdld that is localwi {lrormuili 
anld i{d(ieiglwl to s(le ial pro)leis. T'1*1( limalliude Of iis research 
will depend o i aid )r1,bably diira!ion of the program but even 
a' limited r,'search effort can substantially improve the efficiency of a 
tick coi itol program and conlribute to the ultimate success of an 
etradication program. 
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(iirrcii ReHsearc h o1 Tick Coutrol ini Latin America 

,Joao (. (; Iz d,' * 

Dr. Gonzalez underlined the study of tick lpopulations as a mainfactor in lick control programs stating that if 1huir populations were 
con trolld. their resistance and other fact ors would also be contolled. 
He inorcl that tis Wnique isccl currently bein. ised in Brazil. 

)r, G,)llzat z 111 n ('xp~alled in letail each (1n(' of the most important
hitor, fi r I hit'ecl('asc -r1" inc " 


S'a ph] a' dcistribt Piu,. climate 

trasetick populations. Among them. 

and vgolatiol. ar- v, ry importa ntbult Siminilar actors for' all of Latin America. Vct'etation is mainly a
direct prod tt of soil and climate quality. High grass, bushes and weeds
s(rve a a iprotection against extreme tenperatues and also as a
sprea~dii nidiun. as ticks are easily transferred from them to 
all imals. 

Tick predatois are another problem. Ill Brazil, an ostrich-like bird(nandu and some arachnids are tick predators. In bovines, some 
breeds ar, more susceptible and iithcrs more resistant to ticks.
Mana emewnrn of cattle on the farna, managent n of dipping vats, the
intIerval of trealmen] and the use of acaricides, all, influence theincreaso or decrease of tick populations. Referring to acaricides, Dr.
Gonzalez said that tick resistonce is n direet product of lick survival. 

S11tlflllfll r of ledlil't. l Inoformal paper %ilb-.lmillttelI. 

* * tIivl'!idldl F d rll R. G. ,It( Sil. 
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Principles Governing National Tick 
Control Programs 

Ralph A. Brain * 

The consequences of heavy tick infestations on cattle are well 
known to livestock producers thi'oughout the wcrld. Not only is there 
a loss of 1-3 millimeters of blood for every cattle tick completing its 
life cycl , n ail animal. but tick infeTstations cause irritation, 
damaged hides. tld prettispnse ani imals to bac turial and fungal
infections, as well as screwworm attacks, in the wounds left by tick 
bites. Of 'atei iml)ortance i tihe fact tht tick5; are the vCeto's of 
two a calihe illLatin Atmerica: m andijor diseaiscs bviw Lxabuciosis 

bovine an uplasmosis. Eithter or both of 
these discas s may be limiting
factors to efficicit -:ltlo prodluction in many areas where they are 
epizootic I?,ccn! 5sati:,s by BarnetH (1974 a and 1)) discus., in dt:tail 
the ccononi' aspIe,;tof lick and tick-br-litol disease control. 

The Food an(d rieulItlar Organizattionu is (..COUra.ing improved
control of licks and tick borne diseases throu:,lIcut the world (Brain,
1975), since hetter contro! will iniprove the efficiency of meat and 
milk production, and will sub.stantially reduce tangible losses due to 
tick borne disease eprzcotics. Although c,'h Countrv must tailer its 
tick-borne disease control prograni to fit its own unique cilcunistanccs 
and national objectives, there are a number of basic principles which 
are generally applicable to any well defined. coordinated effort. 

Naturally. the emphasis of a program will vary from country to 
comuntry and even between areas within a single country, but 

'lick CLA""rol )fficer-. I) iit uf l,'alih and A inal Protection. l ited
Nations Ftjl. and Agriculture )rganization (FA(). via delle Ternia di 
(:aracalla. hom ,.Ital. 001 00. 
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consideration must. be given to each of the factors whict influence 
the control of ticks and tick-borne diseases before renewing or 
initiating intensive activities. 

Preiiiniiary preparations 

Obviously i st!) a tickrt'st inrlpainig natiulnal c,)itrol 
progran is to dcl couine the incidence and distrihition of irk :peci,-;
of veteri) arv importance following an entomological sodrve.. In many 
countries, qualitative studies defining the species that ar ' prcn'ul have 
aheady been undertaken. However, a qualitative ant quanlitataive 
survey of the incidence- and dist ribu tion of the si pni icanl lickt slpt:cies
in rClation to the ivestck popultiton Vi 1 undo it dly reveal 
deficiencies in the knowledge of tick biology and t pat iPon dvnamil ics 
in different ecological zones. In acdition, the lick survc v should answer 
basic questions concerning the roie of wildlife in inainlltin i! .-different 
tick populations: Ohe status of acaricide susceptibility of h different 
species in different areas and where obvious deficiencies in inturrua lion 
exist. research proje,..ts shouTcl be dcsinnedto provic]d, ansv.,. nerrssaryW 
for an operational control program. 

While conduct!n g the tick .eirvey. an as:essmrnl of thr tick ron ro! 
practices and fS.ciliies which exist throughout the country should 
also be made. A record of tile numbtr of dip tanks, spray iaces and 
hand-operated sprayers in use, and their stats of repair and location 
should be recorded. This information is a prerequisite to increasing 
tick control capabilities within a country or area. 

Equal in importance to the tick survey is an epizootilogical survey.
which must not only delimit the distribution of babosiosis and 
anal):asmosis within a country but must also clearly define the areas 
where the two diseases ars epizootic, endemic, and non-existent. Such 
data as those compiled by Mahoney and Boss (1972) wil have a 
major inFuence on the nature of the lick contriol programs in different 
areas. As with INhi tick survey, the epizootiological survey will highlight 
informational deficiencies and stimulate applied research necessary 
for the program. 

Utilizing thr, dala obtained itom 1hi, tirk survey and the 
epizootiological survey, a comprehensive plan for a coordinated, 
country-wide tick and tickborne disease control scheme can be 
formulated. This does not necessarily impy a rigid, uniform, country
wide plan. On the contrary, there should be a flexible plan including 
variations for each of the ecological zones found within the country. 
Based on epizootiology, one ecotype may require intensive tick 
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control; another, possibly tick eradication; and a third no control atall. In formulating a comprehensive tick and tick-borne disease controlscheme, decisions will be tempered by the availability of financial andmanpower resotjrces and technical expertise, as well as by the economicbenefits mex:.eeted fOn- the control program. It is. therefore, necessarythat an en(n)iiOin anQlt'sis be conduhc ted )v trained economist.; inconsultation vith knowledqeab!: specialihts in the con i ml of ticks 
and tick- borne (Iiseases. 

Pl-OgN.t'1 1 1 VN((TltiOll 

As a genera! principle, cont rol should be organizedrest)onsibili:, as aof government animal health authorities; decisionsaffecting control i litiativ-cs would thus bh madc within the porspectiveof a COt iYv's Ittal animal health cnimienticrt. Usually, theadministrat ive sltitlet1rc, fi,-Id organization, and field staff alreadyexist, within thu aipropriate govorn ment animal health agency andit. is, therefor, more efficient and economical to utilize thisestablishenci t as thc foundation for a control program, which shouldinclude- ext)inon, research surveillance, quarauntine and acttual 
control tcchniqltes. 

For any animal (iscast control program to maintain its momentumnoeffectively it is nctessaly to have the total support and conperationof the agricultital i lConlinllitv. Education and extension. therefore. 
play a primar, a id continuing role in a national tick controllrogr-an. Bringing information to the large rancher or theof a single cow Is a formidable task, but could 

owner 
it easily determinethe long-tern orsuccess failure of a well planned and supported 

program Inc,rmation on the objctives and procedurms of theprogram msIt be prepar(d in a convincing, understandabloand widely dit;triutcd to the various agrici ltural 
format 

sectors. Practicaldlemonstralion manch, S. cnphasizin, the economic benefits to berealized from effective tick and tick-borne disease control,invaIl labe inl stimulating: local cooperation. 
are 

H-andbooks outlining theenlire program arie neces, ary to establish consistency amo g the
professionals respionsible for pree lamn exectilion (see Gonzalez. 1957)and it may be dvsir leeWto empylov llt news media to bring information
t) the producer Icvl. 

Applied resear-ch (.l signed to provide solutions to basic control
problms, is a conlinuini componcnt of anybeen estimated tlla least percent 

control activity. It hasat ten of the tick control budgetshould be devoted to research (Graham, 1975). The research teamshould consist of entomologists and veterinarians and should have 
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the flexibility to investigate problems in any of the various ecological 

areas. 

We have seen that surveillance. both for ticks and for tick-borne 

disease, is indispensable to the preliminary preparations for a control 

program. and whcl it is ilr operation 11Wcneed for tick and tick

bornl. disea-e surveillance do-l's nt diiniiiA: indcd it is ln iport ant ill 

order to provide data on the sucC-:s of the pi-ogi'rain a iid to indicalt 

when adjustments in operational plans arc required. 

In some programs. particularlV those which include are'as Of tick 
it inav be-, necessary to enacteradication in the overall schcme. 

quarantine re-tulaticns which restrict animal movements into tick 

and disease fret Areis. Althougih never a popular com pldit of' any 

realiza tIon be enLfor-eduroar-m,., the must faced thalt trictly 

quarantines art' essential to prevent reintroduction o1 Iicks and diseas>. 

At the outs 't. most control programs are based on the ust, of 

acaricidcs to kill ticks. The selection of acaricides to bechemical 

used in the pro.a.-. will d,pcnd on several factors including: (a)
 

availability of compounds: (b) price considerations: Ic) sIsceptibility 

of the various tick nopulati-ns to the different chemicals; and id) 

methods of applicati In. TI .;e methods of acaricide application will 

depend on livestock iana rant practices and availability of 

equipment. Cattle dips Ue by far the most efficient. effective and 

fool-proof means of applyin. acaricides. This technique is folloved 

in importance by spray rac.s', hand-operated sprayers, and finally 

hand dressing. It may be nec.-;arv for a program to encompass all 

of the available techniques C acaricid2 application. A national 

program, however, cannot afford to depend exclusively on the 

indefinite use of acaricides. From the very start, an effort should 

be made to develop alternative methods of tick control which can be 

incorporated into an integrated program including strategic dipping, 

pasture spelling and resistant cattle. These techniques have been 

emphasized by Warton (1974) who has stressed that we mu-t either 

eradicate the tick where this is economical and feasible or reduce our 

dependence on acaricides. 

Tick control versus tick eradication 

Usually, programs which aim to achieve eradication eventually 

falter, with the result that large populations of -usceptible livestock 

are left unprotected and subsequently succumb to one or more of 
the tickborne diseases. Therefore, nation-wide ticx eradication is not 

to be encouraged as a program objective in developing countries. The 
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final conclusion to such a program could be an epizootic of major
proportions. From a practical viewpoint nation-wide tick eradication 
demands an enormous commitment of financial and manpower 
resources, far excecding that required for an effective control program.
A national tick or tick-borne disease eradication effort should only be 
attempted when a long-term commitment of adequate finances, man
power, facilities and dedication are assured. 

There arc, howevc, special cas:s where a; national policy of tick 
eradication is indicated. WOhn an cxotic to 1: species of veterinary 
importance is in It dtieu in t a coLIntry. (vr (,ffort should be made 
to achieve its eradicalion before it becom(-s lull V est a! l :-hed or extends 
its range bey lid Ill(- point of initial introduction. Eiadication under 
these circllil"t an es call reasonably be accomplished by massive control 
activities ill al imitrd area suppo)rted by the regulatory aulhority to 
prevent its spread. 

Eradica tion it)uld also be considered v.'hen a particular tick 
species is Immtn! in a marginal eolocical zone In such cases, both the 
hlostile '11vi 10ieit al[(1 rolentless control efforts mnake successful 
eraclicalion 1'olah)ll,. Thu s. within the framework of a nationwid:- tick 
coutrotl rO~ '.ranil t.herle may be valid opportunities to include areas 
where tick eradication is a reasonable objective. The question, then,
is not tick control versus tick eradication, but rather tick control and 
eradication. 

Summary
 

Due to the econonic consequences of heavy tick infections, the 
Food and Agriculture 0l'ganivation is encouraging countries throughout 
the world to intensify their efforts to improve the control of ticks 
and tick borne diseases. Preliminary preparations for a national tick 
control program include: an entomnological survey: an epizootiological 

assessment control practices,survey; an of existing tick facilities and 
an analysis of1 the economic benefits to be expected from improved
tick coltrl, and the formulation of a comprehensive, coardinatcd 
tick and tick. borne disease control scheme. 

As a general principle. tick and tick-borne disease control should 
be organized as a responsibility of government animal health 
authorities. Although tick control programs must be tailored to the 
specific objectives, resources adI requirements of an individual country,
every operational program should at least consider including: extension, 
research, surveillance, quarantine and actual control technques as 
basic program components. 
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Usually, programs which aim to achieve eradication eventually 
falter, with the result that large populations of suscel)tible livestock 
are left unprotectcd and subsequently succumb to one or more Of 
the tick-bo:n, diseases so !hat nat ion wide tic: eradication is not, to 
be' iinua~ J. i piogiaili ohjcctivc in ln isco.t:-,. Special 
cases vhcr Ii n..tti ona! policy of tick er1dicai,'o is indicat(d include 
situations wI .'ucian ,xoti LckI cie- IftVicruilArv im]o'talleC is 
introduced into ( olltlirv an'd i :I aI 1, ticuul:i is presglltu tick 'ici,'-
in a aina! ccL .1.T k i ,It,1'ir1'woik of a natiollical :7( viitwii 
wide tick conf: ol proram in lIc la. c li ou)('ui it-osd , id include 
areas where tick ciadication i< :! rc:as'vncil i ctiv. 
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National Campaign Against Ticks 

Luis Beltrdn * 

Diagnosis 

In Mexico. cattl? occuyl), without a doubt, a prominent place in
the animal production sector of our country, not only for their total 
production value and their product; for internal externalthe and
market but a so, Inwt lhe large areas of land in which they are 
deceloped and lii johs they provide for people. 

In the last decade 196(0-1970, the national bovine population
showed an annual growth rate of 3.9 p1rcentI a coefficint sli2lly high
er than the national human population gro\vth rate (35', ). Such a 
plr'ent age expresses a low proportion of cattle per inhabitant due to a slow increase in cattle, i.e. 0.506 bovine head per inhabitant in1960: 50 in 1971. It should also be noted that we included the
cattle prodlcer of imet, a !k and the dual purpos bieeds. 

If the bovine production does not increase at the same rate as the
human polation as was show in the last dicade, the future shortage
of bovine products (milk, meat, hides, etc.) will be aggravated. 

The unusual demographic growth of our country demands a proper
livestock development to solve the requirements of cattle by-products.
But our stock industry suffers great economic losses from ticks: they
interfere with cattle improvement prograis ald impcde the development
of an important productive agricultural sectoir 

Ticks cause up to a 48 )ereent loss in hairy production and it is easyto understand what this implies. Mexico stopped producing 202,500,000
liters of milk, which cost approximately S 303,750,000 (Mex.) pesos. 

Di)i,'tho'. Nalional T'ik (ampaign. Nle\i ,. 
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It is also calculated that in infested areas 150,000 head of cattle 
die annually from discases transmitted by the Boophilus tick with a loss 
of S 225,000,i(0 pesos. 

In the countrv, there are areas with grruat grazing capacity which 

have stopped development because of the ecto(a aisite Iresence which 

does not allow hi,,hly specialized breds to be cxploited in such areas. 
In an infested zon,, a calf loses between 40 to 50 kilograms or more 
of ,veight due to ticks during its productive lif,,time. This figur, could 
be particularly dra:,atic if we consider that wittllut the parasite thi'; 
animal could dcvelop into a bovine of a highly specialized breed in 
meat production. Live:tock losses in Mexico represent 550,086,500 
kilograms of meat per year. If we Calculate a price of S6 pesos per 

kilogram. the losses amount to S 3.000.519.00 per year. 

Hides of cattle suffer serious depreciation, scars. somet imes very 

deep from tick bites, and enlargec many times by screwworm attack 
which maim their industrialization and reduce their value up to 40 
percent. The losses may reach $ 58,500,000 pesos. 

The Food and Agriculture Organization (FAO) indicates that in 

those countries which have an adequate veterinary service and a high 

degree ot rural culture. the losses caused by diseases reach 10 and 

20 percent of the maximum total value of the annual cattle production. 

(France. Ireland, Italy. United Kingdom and the United States are 

in this group.) Where these two factors are deticient the percentage 

of losses oscillates between 30 and 40 nercent. (Mexico is among this 

last group of countries and suffers a loss of npproximately 37.3 percent 

of the total value of its commercial livestock production (FAO. 1962). 

In many parts o the world the incidence of tick borne diseases in 
domestic animals is inter-related with the national and regional 
economy. This is the case of Mexico. 

Ticks, therefore, cause national livestock losses of $3,587 million 
pesos per year or more than 8 million pesos daily, which are distributed 
as follows: 

Milk $ 303,750,000 

Deaths $ 225,000.000 

Hides $ 50,500,000 

Meat $ 3,000,519,000 
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In summary, the losses in kilos of meat and liters of milk, and the 
low quality products from the million head of cattle living in the tick
infested areas of Mexico plus the deaths caused by bovine piroplasmosis
lessen considerably the animral protein resources left for human 
consumption. Such losses add to the high percentage of malnutrition 
of the population in general. 

Prognosis 

This could be avoided by the use o1 better systems of bovine 
exploitation, eradication ticks and ofof elimination the major bovine 
ailments such as parasitism and diseases affccting cattle, many
carried by the tick (which is considered to be the primary constraint 
against the developnment of Mexican cattle). 

Disease and parasitosis combined with poor nutri in constitute 
one of the major problems aff'ctin, Mexican cattle. Their effects are 
the cause of low animal production and the poor quality of cattle 
products, Iigh infertility, temporary sterility, low birth rate and high 
mortality rate. 

Therefore, lher', is a need for cattle development, fighting the 
causes of their stagnation in order to face the increasing demand for 
nutritional food and industrial raw materials required by a growing 
population. 

Background 

We have known ticks since long before the colonial period: the 
Mayas usec, the term "pech'' to describe this parasite. 

Piroplasmosis or "Ranilla" was the scourge of Mexican cattle. At

the beginning of this century two 
 pioneers of veterinary medicine, Dr. 
Eutimio Lopez Vallejo and Emilio Fernandez made soie studies oil 
ticks and their role in the transmission of diseases long before Smith 
and Kilborne discovered in 1889 the etiological agent and the role
of ticks as vectors. When tlhe Smith and Kilborne works appeared, Dr. 
Emilio Fernandez translated them into Spanish to confirm his suspicion 
that Texas Fever and Ranilla were the same disease. 

The lawyer, Garrido Cabal, initiated the campaign against ticks 
in Mexico. In lie in the state of1926, began Tabasco and imposed by

building dipping ticks.law, the of vats to fight Later, Dr. Manuel 
Chavarria Ch., professor of Parasitology of the National School of 
Veterinary Medicine did some work related to tick classification, it 
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identification and distribution. But it was not until 1960 that the state 
of Sonora under the direction of MVZ Roberto Castiilo Lavie, pioneered 
the tick campaign in a tectirical and intensive manner, incorporating 
2,750,000 hectares into th2 free zone. 

However, a national campaign against ticks was needed and 
legislation was initiated on the Federal and state level. 

At the Federal level, there is the Plant and Animal Health Law 
of the United Mexican States, which has a special chapter concerning 
the obligations and responsibilities of cattle owners with the campaign 
against ticks for all of the country. 

In each state of the campaign, a State Committee is established 
composed of all sectors involved in livestock production. Its functions 
are mainly to promote the campaign against the Boophilus tick, the 
transmitter of bovine piroplasmosis: to fix the quota for farmers; to 
designate the budgrt for administrative expenses; to establish 
quarantine statirnu: 11o survey and prevent movements of infested 
cattle; and also, to avoid the slaughter of such cattle in public or 
private places; to negotiate through the State Executive and the local 
parliament the promulgation of a law recognizing the Tick Campaign 
as s, public necessity and giving it permanent status. 

The legislation on which the campaign is based is variable; there 
are states with very comple:: legislations concerning animal health 
in which regulations about the overall campaign are specific and 
others in which the laws specify a tick eradication campaign. In some, 
legislation pertaining to tick eradication is formulated in a special 
chapter or in some articles of the State Livestock Law. 

General Objectives of the Campaign 

The primary objective of the National Tick Campaign is to eradicate 
the Boophilus genera which transmits bovine piroplasmosis and to 
control other tick generas. Subsequently, there will be a substantial 
production improvement with cattle mainly in the humid tropics where 
the introduction of highly specialized breeds can become possible in 
tick-free areas. 

Therefore, the Tick Campaign will be one of the basic pillars of 
animal health such as the screwworm, brucellosis, dengue, equine 
encephalitis and exotic disease campaigns and others which may be 
introduced in the future. Based on these premises one can say that 
the campaign against ticks will help to lay the foundation of the 
livestock infrastructure in Mexico. 
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Program Aims 

(a) Short-tern: establishment of the technical-administrative 
part of the fideicomnissium base on which the campaign work 
will rely. ''e progrannd hud.Pht I(r thr, first phase 1976-1980 
will bc 1 sed for Ihi.s purpose. 

(b) Mid term11: field V,'ork j)ertaUini 1 tote li o0p)hlus tiek 
eradication and the (,f he The aim tocontiol (ithl' tpneraS. 1 is 
eradicate to, tick withd iil1(. firs t i(our vtar ; from ]:1,0.958,727 
lc .ares in th si ll. (d: :\.0,as dPli . B aji: California Norte. 

Baja CA:W Suk. Calmila, Chihuahua, Durango,lori Coli- a1 
Guanajuato, Jaiii , Navalil. N o I e(on, Qacretaro , San Luis 
Potosi (A), 5:1lj Ilii> I'otosi (11). S lim, Sonora. Tamulipa-r, Vc
racly'/, Ytlcatlll ald Z/a atc :i.- Iii thi:; phase dilpping tanks will 
be clin:;tcteni iv Ii' tinanial aid to the poor cattleman. This 
will c(.st US S 10 million. 

((-,) Long-tern tbtwe , five, al eight, years): the eradication 
of ticks in IN total extension of the national territory. Starting 
the fiftal yeaO' with intensive work in the federal entities in which 
the promtiion campain Wil! have been made during the first 
four veal's to snlsiNi1:/ th dfrfer't sectors. 

Technical bais of thlie campaign 
'rhe objict iv, is i , break thtw hiot gical cycle of the ticks by dipping. 

Cattle will b, colnct~'lated in a pl't cted area or ranch and a 14-16 day
bathing i'll rval will he im1)o.ted for all cattle in the contre1 or eradica
ion areas to kil Ilw 1el'inr fernales on tit host and also to stop 

maturity on (hay- 19 or :21 thereby prevent ing tN adults from dropping
to the ,round and depositing eggs. (This -round up" op'ration would 
also force catl o wers to buid l1ie pastu,.'e0 il to divide those 
already ,-xisti. thl:s, effecting bet t ur herd mana gcm :nt which should 
produce a higicr hirthrale and an improvement in the use of the 
fotragO 'crcsureeS. 

The t;,,sonnel assigned to this prog,1ram supervise: (1) dipping o1 
all cattle in the area: (2) the collect use of acarleides and the proper
handling of the acaricide immerion bath to prevent the occurrence 
of a probable rsistanec to ixodicide lpoducts. 

Tie aca'icide, us"(I in the tick (aniytiign are also effective against 
other cctoparasites such as mites, lice, horn flies, etc., while other 
or'zootic diseases affecting tle national livestockl can also be controlled 
th ough periodic concentralion of cat Ie which is also useful for 
vaccinations, horseshoeing, castration, phenotype selection, etc. 

63 



The basis for determinino a correct bathin- inlerval, which is the 

foundation of the campai-n, is the identification of g,neras and slecies 
ol ticks para.-sitizing cattle in the are:a. Therefore, periodicil collections 
'Ire made and the speeimt~ns art scnt to lhe Nat ial .l aritIorv for 

tick cla.sification ill Mexi,.', City wher,'-,oIV b90 specinn have alr.ady 
K.:en idoentifd. Ot these. 5-. neren are lopilus an'd 2{" pe-rcenlt
Aniblyoinna, an a 1,8 nee ni ree,:s s mdcl 0, Ithilich'ldtis, I)crma. 

centor, Otobis ,!ld Ixodes. 

Tile eel l! tion '-\m( be;,e: icidced to vlld an inalIs ill wiich olilv 
cnr a and speei.... ;ccific to the host have bcoll foild, al 

which only accidentally parasitize domcsti.e animals. 

Strat egies 

The fo,:Jwing is thu demarcation ol 'he working areas: 

Promot ion 

The first stop to begin the campaign in a state is the elaboration 
of a working plan which is the Lasic structural information ol which 
the campaign relies. Its foundation will be preliminary information 
iven by field personnel consisting of: geographical data. caittle census. 

cattle routes, incidence and distribution of ticks. te. 

An intense iniormation programi will also be carried ouL based on 
coiferences, films, s'ide pro lections, pamphlets distributionl, practical 
demonstrations: all wit ' the purpose of motivating the cattle owner 
showing him the necessity of fighting the tick for the benefit of his 
family patrimony. Then. he is given professional advice on the location 
and construction of the dipping tanks; the corrcct use of acaricides; 
the proper handling of cattle and periodicity of treatment. 

Control 

Dipping vats are installed in an area, and strict, control of the 
dipping interval of cattle movements (even from field to field) is 
implemented, official documentation is required to enter or leave the 
area. Periodical survev are also made to verify the decrease of the 
tick incidence. 

Field experience has shown that it is also inportant to restrict 
cattle movement toward the zones in the campaign; quarantine 
stations will be providcd and also mobile units for surveillance to 
block the catt!e paths. The quarantine pens will be made of steel and 
portable so that they can bc used several times. 
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Eradication 

Certain geographical zones are submitted to special measures to
eliminate the tick. This area will be incorporated into a free zone after 
two years of seasonal insjpect:ons. 

Free ZOII 

In tis g((rap)hical,o area Ihe lick does not exist in its natural
form or wllic, al; becen eradicated throug l a tick elimination 
campaign. r one to b declared officially free, the Agricultural 
and Livestock Secret -- i'e(, eives documniativn with data o hectare 
surfaces, caLte cenSLu 11 A1 andby i ises, number propertic's p!aCes
under survillance, (ol or; and qUarantin sltations. Mom our expe
rience, we .i res:- that thcre are four basic factors which must be 
l)rc:ent f()! tlie success ,) no t only a tick campaign but any health 
camipaign onI ulndldertakes: 

(1) Propei legislation 
(2) Sufficient financing 

(3) Correct technical planning 
(4) Complete cooperation from the livestock sector. 

Success is ceri'ttin it all of these are present and in harmony. If any
of them is aW.ent, there is the risk of failure. 

To obtain greater admdiiistrative f exibility which the National 
campaign required. the FiW(icomissium National Tick Campaign was
established to handle funding. It is odinistrated by a Technical Board 
which dcsignat s the line of action and a special fiduciary represen
lative who is th, txecutor of the prwrain: th, purpose being to avoid 
the problem1ns (1 (,fficialr l .. 

Two nilaagiaen Is. li i iii iilratiye technical, dependand upon
 
'iie fiduciary ,eipr'sentativi's,
 

The administrative management contributes the elements and 
sources technically necessary for the campaign through state adniin
istrators. 

The technical inanaement is carried out through a state chief who
is in charge of all aspects of the technical planning in all the ftates. 

Within the technical management, there are three departments:
Department of Technical Coordination: the Planning and Evaluation 
Department: the Information Department. 
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The Department of Technical Coordination will be in charge of inter
relating the state campaigns, 1o correct nv technical mistakes, to 
supervise the teclnical planning of iot camooaign, ti make Sure such 
plans are accomplished and to cai ali the infoenna tion at a national 
level. This d.part ment will have Ax professional instruetom's (harged 

, 	 and oltcol'. ' andwith gio-~ .periodical p !lm el to ii 'pce or. 
super;lisrs in each state. This dc 1partment -. ill he il close r-ebit onship 
with the Planningz and Evaluati n c)partnient which will smlpervise 
ald fol w the dv veop0,01.t of the prograin, and do cost benl'it 
analyses. 

The consderable increasm of activitir cxp:cted from Ih, lick 
campaign emiphasihd Whe for 0clceron dhta joee.<in, i handle 
the information for the centre! and deciions of 1h, campagin. The 
information should conme from 1he different activities of the canipaln 
perSOInl c as an oien tation requ-ilse Af CfficiOl wt:rk or "I,; )roductl 
of direct resarch usfii in 1'anning a,, i evlhal in. 

The areas which will need clectionic assistance arc mainly those 
in which manual processing is not adequate for the gr:,at amount 
of daily information and becau.-sr there is a need for continual current 
reports. 

Preliminarily, it is thought that the electronic aids can bc used in 
the following areas: 

(A) 	 Handling of personnel and payrolls will comprise nearly 3.500 
records of peonle wenrking with the program; each record will 
have between 20 and 30 pee'scnmel and ocation data. 

(B) 	 Contro.! r will arorani itnl control pavn n ts al a state level 
for each sector. 

(C) 	 Evaluation and ,coi orc ,lannin.) will provide a system for 
collecting data Cf the programs' activities at a muniilpal level, 
which implies that more than 2,500 questionaires of about 50 
to 60 questions each will need to b. completed. Also, periodical 
pocessing of such data will be the statistical base on which 
a comparison of the program's activities and control can be 
evaluated. 

(D) 	 The Nationa! Center ()f Animal Parasito!oy 1o( be established 
will need data collection from the prograim to complement or 
modify the technical ,strategics or data of useful material for 
making laboratory models which will later be used in the 
field or as evidence of experimental results. 
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Another use for this electronic data processing and probably the 
most important o01e from a midica-sclientifir point of view and, also,
from the point of view o( lpla nning and )rogratin contro', i. the control 
and siniuation of cx1 )erim( en in the difflrent areas for the National 
Center (1 Animnl I 'ar tol Ttly iiIiL iei ancl control of 
(xperilm 1:; r (un'il, i illacV t) Ihc cal ai 20 trat of the 
)iOiarin aii(1 proinl h) difi(rint alt er!i:tivc, ini the tochi.ical and

(coiiolii ;lralstinrt r:;. ! lli; v.-it l the lil its;(: ;fi not only solvin4 
tile l) fiia' i ]I('tpi 

(oCcur nllthui; "ii fi .c aind rffieicncv.
 

lS Ilijt lii' l yIy ) Ji 'ill tlieiom hef'oje they 

T) accomiplis the propos;ed aim ., lno Information Departminen will 
have 32 enblhtvye-professiovials specialized in Social Information. There 
will be 16 trucks: equipped. wit! living quartere, and cariyin; slide 
projector's, films, pamphlets, etc. These communication specialists will
be the pioners in the n:.w zones to motivate the cattle owners and 
farnm. 

TWe lick infested areas of the country have been dividc-d into 165 
zoiws.; wl-ich will be .-ervcd by ihe zone headquarters of the area. 
staffed by a chief velerinarian and a sufficient numb:r of supevisors 

and inspectors required to Cover the Zone (Table I). 

Table I. Preyent sCOpe cit tN current tick campaign in hectares 

I Total surface a'rca Of M 'xico ....... ............ 197,254,700
 

If Total surface area of tick ree zone ............ .. 72,201,701
 

III Total surface area Wuftick campain ............... 32.73 168
 

a) Tick eradication zon .......................... 7321.828
 

b) Tick control zone . ............................ 
 7.912,297 

c) Promotion zon: .............................. 
 17,517,343 

IV Total surface area of tick infested zone ............ 92,301,527
 

Tile campaign will have a radio-communication service for the 
entire country with 201 r:idio stations and 538 radio-mobile units. 

At present, there are 12,504 dipping tanks in tie canaign area, 
of which 311 are official and 11,693 are private. In the control areas. 
cattle, horses, and goats are subject ',, dipping. In 197-. 12,(618,488 
animals were dil)ped in tile campaign :ones and 2.449,839 hectares 
were incorporated into the totick free zone. This area corresponded 
the states of Baja California, Coahuila and Zacatecas. 
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The frce zones are protected by a quarantine line where quarantine 
stations are strategically located. These stations block the cattle paths 
and prevent reinfestation. The actual quarantine line is approximately 
7,000 kilometers long. anc has 75 quarantine stations, ranging from 
slmall to large according to the milovenltll of,at t? pasting through 

heln. InI thes-ce .stations. th, cat llc going to tlle tree Zone will be 

inspected dipnicl and o1 som, oc'casions qua rant ind 

.\Manual otfKlBic Information. Inspectors 'lual. Supelrvisor's 

MInnaI. Manual for Veterinarians. Manual for Applving Ixodici(h's and 
one edited il -Iln::i :::Ite aoc for' Ihe (att lonllalI Olit l. , l tlh to ticks, 

r,'s called 
ta ie of Ticks in Animal lealth which cntains s(me highly t chnical 

chapters. 

have 	 been T I)! 1ihd Also. there is a.book in I The I mpOr. 

The National Headquarters is aware that better training of its 

technical persoml will rebound in a better and more efficient use 
of its resources. Therefore, 16 courses have been given to inspectors in 

Jalisco. Zacatecas, Durango. Sonora, Aguascalientes. Chiapas, Nuevo 
Leon. Sinaloa. Coahuila. Yucatan and Veracruz. 

A course for veterinarians gives them current information about 
the advances obtained in the tick campaign; at pres-ent, courses have 
been given in Monterrey. Culiacan, San Luis dCe Potosi, Saltillo. Gua 
najuato. and Nayarit. When )roblems affecting several states arise. 
interstate meetings are programmed to search for solutions. 

National Center of Animal Parasitology 

It is necessar'y to have a proper technical-scientific support for the 
work to be done by the National Tick Campaign to eradicate thf, 
Boophilus genera and to control the other genera. This will be possible 
with the establishment ;f a National Center for Entomological 
Research and Pesticide Control. The objectives of the center' will be: 

(1) 	 To prevent the use of acaricides in the campaign which do not 
meet the basic requirements of no toxicity, ample residual 
power, easy handling, cte., thus preventing a future obstacle 
in the implantation or modification of the campaign in any 
part of the country. 

(2) 	 To prevent useless waste of' monetary Investment on poor 
acaricides by cattlemen and farmers, since they are the ones 
who give the greatest contribution, (it is necessary to gain 
their confidence). 

(3) 	 To be certain that the acaricides in the campaign won't affect 
people's health. 
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The National Center for Entomological Research and Pesticide 

Control will have the following sections: 

Taxonomy Section 
The classification of ticks is indispensablo to determine the 

geograt)hical (list ribut ion of these parasites throughout the entire 
climatological spectrum. It is possible to conden.x, the experience from 
prior classifications to continue the work of identification of ticks in 
order to determine parasitic species andlie their incidence in the zone, 
which will be re: ated to the ecoloicdal zone. 

An understanding Of tlf th.p. of tick is basic for Ihe elaboration of 
research programs and cradicatiotl. The functions of the dissemination 
of the entomological sampling results and th.n application of the 
taxonomic research result will be the basis for epidemiology, and 
toxicology research. 

iczatioin Section 
This section will supply the biological material for all tests in the 

center. 

All the genera and species which are found in the country will be 
incubated, especially Booplhilus which accounts for 57 percent of the 
ticks classified at present: if resistant lines are this sectionfound will 
work with them in coordination with the genetics section. 

Calves ad rodents will be used for tle rel)rodlction of the parasitic 
phases, the eggs and the non-parasitic larval phase will be raised in 
temperature and controlledhumidity incubators. 

This section will have a laboratory, an incubation androom. 
completely isolated living quarters so that personnel will not come 
into contact wilh ixodide substances or with the animas used in the 
reproduction, tHius avoiding probable contaminatio,.. 

Biological tests 
This section will be essential to the center's activities. Here, the 

effectiveness of tHie acaricides will be tested in vitro or in vivo. Toxicity
to the different tick stages will be quantified and also activity of the 
various genera and their phases in relation to the acaricides will be 
tested.
 

All chemicals on the market or to be introduced will undergo all
the required tests and their action on the different tick stages will be 
observed. The number of deaths at different dilutions, will be counted 
mainly in those recommended by producers establishing the margins 
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of lc"{hal action. Once these tests have been done, the chemicals will 
be tried on tick infested aniimas exposing all tick stages. This operation 
will be carried out in the 1-at h part of tlho biological experimentation 
of each m'oduct. The ,.0roupsof animals wiAI be trcahd first by aspersion
quanlifvgi ch:.dcal activity, then hw d "plngThe animal will remain 
undor o ,<rv.at ion for a reaSole, Period Of time,,. The pecet a o of le.ad 
lick; "it by obl.2iacd and if I ir, \vel sun, live, lick roinlaingii; they
v'2ilrk to i!' a);Itota I to if lIe anyvthe' 1 s veril is 

"1' < i.achi,,"<. oivi',siil's. (i B . 'i then it will 
Im,nccssa iirifv ,. rtil, or n.o " to if he 

",Iwn "Ill; lc ,s hav, I2L0' I > in !!) c'nlttl, call p!ohluct
ill be takin the fild to b: use in ihe di)pi ng tanks controlled 

o" tho techn'-,a! p,,q I,of 1, .'ion. Such dini tanks would he 
!ocated !n al o' I!.,- nt c'*u-s nu.'Itrv. :f ({er diffrIi ('iiiati (o dition-;. 
sil., cattle brceds (dihv meat. Ahor hair or Ionz,ehair) for the 
obnarvatien of the fld chemical activity. Basd on the results obtained, 
t..he c m ,lal r,01r vi n would b-? ap;oved or denied. The dip tanks 
w,"ill Lx vuin. p" citl small meteorological stations to control the 
environmenal factors and type ,fwater to determine their influence 
on the effectiveness of every product. 

Toxicology 

The cxtensi',e use of pe.ticides, esp.ecially insecticides, has 
introduced now a:'ard. for men. cattle and thbe ecology. Some of them,
like the phosjpi:.. are dangerous if used in a careless manner. 
Aithou ah. the cases c-f intoxication have ccneraily been caused by 
human mistakes. 

The baittle again.t SlO, demands tiii use of such pesticidcs whichcontain varied fonnuhas depending 11on thU time, count,'y, etc. Some 

of the chemical families are mare inmportant tlhan others. All chemicals, 
due to thir molecular configuration, can be toxic in every sta,-,e of 
life---reason enough to -tudy their modus operandi, their qualitative 
and quantitative imrportance on the ecological cycle to Irevent a 
disastrous imbalance in nature. 

This section will :Audv the toxic levels ot the.e products, netabolism 
and elimination levels in animals. Tie emphasis is on animal 
by-products .vhich could be contaminated with insecticides thus 
becoming hazardous for men. 

A laboratory will be established where work would be done on 
pesticide rcsidual studic:, the effects of various conditions on the 
acaricide such as: pI-; type of water; salinity; type of soil; climatic 
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conditions; effects of the microfauna and microflora of the dipping 
tank; dynamics ani process of chemical biodegradation. 

lPhysica!-chenical 
The acaricile, as a (lheroical, rust be studied nlaliWxM with its structure,physical Jrojcrt ie:; and chemical interaction. with disslving agentsof the (di1)1 , tnkI. . It is iolpo't ant to defilne: (1) lhkLol avior ofthe ix(ilc 8(51r ii typps accridn, it their physictalchcmcal

l)rop,'Hpis inllII difrr- nt waters of the country; (2) to stUdvbiodgratioll dynalnic:( thoand W)!ier factors from a qugtaliwea d quanlitative poiii, (d know c ricideto how the "'-if ac'ivity can bemodified by pol Ut 'n'' o''.s ill th, (:;i to tvaituile lh, interactio)ns of dipp n inat(eii;: (4) efft cis of clinmale on stored ixodiidesin order to(deliriiin)e the (ducitv, behiavioral niodifcation. and to croscheck standardni[i;i -;: (.51 to (xamibyiO the .caricid(: per se, its nature,
struct ore. tt wil(tl dff'rent handling regime:s.Ou-

Tick geii'ticsThis speciality will lhe devwlo1)po larlgilv bcause of thc problem of 
resistant tick li whichus vil need a ma or dMss and longer exposure
time to the insecticide to cause mortalit-. 

The glenetic material of resistant icks becomes modifiod withcoded rotb ins for the diverse mechanisms which inhibit the acaricideaction (these being eonelically irreversible) and tranwmitted toare 

the progeny.
 

It is believed that resistance is produced by seletion. pressire. Thegenes exist indcpendently of the ixodicide or are mutant genes. Resistance may )e said to be due to genetic synergism. There is the possibilitv that
such genes occur in ticks in Mexico. Therefore, we are thinking of tick
 survey 
 1)lt ('rloY mlat cinp' thoso ecological a rtas similar In those of
he countrs a!ready facing tick riistnee.
 

Parallel 
 to the survey is au emerlncy lan to control the possibledevelopment of a resistant line. The plan would utilize such data as:infiastructure, ecology, populatien dynamics, cattle structure, and a
lPo,-ram of eiadleation specific to the type of rcsistance and ixodicide 
in question. 

To be able to mark the activiyI' armas of the tick. its behavior cycles,etc., it is necessary to study the relationslip of ticks with otheranimals (parasitism), tiks with ticks (lpOp)U'ation dynamics) and the
influence of the environment on the tick. 
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The counitrv has been divided into ecological zones and integrated 
studies on flora ard fauna. considering the limitations of the areas, 
w ll be undertaken. Studies about the substrate and climate together 
with those already m untiolicd will est ahlish Ihe bases for st udving tick 

population dyliamllics 

Some work vill aso be dcveloped on oai.ilatt (i0stiihulls, t ifs of 
appcarance. idliltification of limitim factors. determination of 
sI ruetiures by s'i, diversitv ratios by species. "eneral diversity 
ratios, etc. 

At present only the tiheoretical pro'ral.l methodology, an(1 thc design 
of the survey model have been developed. 

A study of ccolooty of parasitism is planned containing such 
subjects as: effects of ticks cn their hosts: general tick ec(olo:_, 
behavi , studies: oog-o-raphic distribution; host-parasite specificity. 
and evolution and regressive tendencies of the parasite in the country. 

From Suh Stldi. a program will be designed according to the 
ec!'oogical situationi.s to oblain better results since it will be possible to 
use natural forces which limit the spread and incidence of ticks in 
cattle product ion. 

Experimental l)athology 

Ticks iplay an impcrtant role as biological and mechanical vectors 
of some diseases. Our knowledge about pathogenesis will be broadened 
with the development of tests and simple and more accurate diagnoses. 
TherEfore, current programs of control will be based on disease 
patterns. This will tend to solve actual problems in the field while 
adjusting the parameters in the experimental design as indicated by 
the disease effects on cattle production. This vision of pathology 
associated with ecology to solve the problem.4 based on research calls 

for the following specific subsections: 

(a) 	 General pathology 
(b) 	 Immunoflorescenre 
(c) 	 Histopatholcigy is required sinc of all the diseases transmitted 

by ticks the most important is piroplasmosis which aff.acts 
the red cells and causes anemia from loss of blood. Therefore, 
special projects are needed to supervise, the therapeutic and 
prophylaclic systrems in use. 

Epidemiology 

To apply the epidemiological principles of tick control for the 
diseases they transmit, demands a careful examination of the parasite 
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incidence, its geographical distribution and its particular epidemiological
characteristics. A systematic field analysis must include: parasite ratio
and avilahility, efficiency and utilization of insecticide control 
measures. A st urd of tick morbidity and moitality effects of vaccines and
therapeulti drigs must also he conducted. Observations of the lick
situation and the rcguItr distribution of Ibe dalta from the field to
the epidemiohogy departments would serve to dictate or modify thL, 
pattern of action of the tick campaign. 

Statistics 

A main cause for the actual ignorance of various problems of 
epizootiologica, soCilogical and administrative order in the researchfield and parasitic control programs is the deficicncy of basic information 
which is deoayed, incomplete and inaccurate. Therefore, researcha 
center must includt a statistics section containing activities such as:
design forn:ulttiton, lata collection and instructions for elaboration
of analysis and presentation of such information. The ideal would
be a biornetrics depa rtloent to coordinate the results of the research
done r the di f('nu (I departmrints and to e'aborate experimental
designs of the tes to be d,,lie. TiMese specialized personnel would also
tain new eoIple fur collecting original information that is valid from 
a statistical point of view. 

Presently, the distribution, p rcentages, medias, etc., and studies
of inferential statistics on the tick have been indeveloped Mexico,
and integrated into epidenliological disease statistics like pirop'asmosis
and anaplasmosis to establish relations concerning disease progress,
Hie developmi(, of programs for the solution of tick problems entirely,
and their corarect evaluation and presentation. 

The centt ' will include a otoduh, where the director, subdirector

and adminis trative scction wilI be hcatecd: it will also have a library

antd mu1scum section.
 

The pedagogical v,'ork will lake place in an auditorium specifically
built for ihe purpose which will be equipped with filn and slide 
projectors. and sinultaneous translation. 

The national campaign against ticks will have approximately 240
veterinarian animal scientists, who will take care of the field work
but all the personnel should continual withreceive training courses 
on the different topics and studies to be offered at the center. The 
courses to be offered are: 
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(a) 	 Taxonomy: according to the eradication plans, knowledge of the 
different kinds of ticks, their exact distribution and identification 
of each type of tick is essential. 

(b) 	Incubat ion and biolopiCa.l t,:6ts: evcry stage in t icjk illt stat ion of 
cattle will be veifIed thr )uCh (xamination of all Iceels ldone in 
the center, since al the predominanlt species will be raised. One 
could also detnhe rate te ,ffectiveness of diffe rent aearicides, 
their toxic activity on the various cencra aud stuld ie:; carried out 
on the diffcrent tick sAa-:s, both in dipping vat and soraying. 

Ic) 	 Toxicology the courses will dceal with pcsticide ffeicts on animals, 
lA*hal dosage t, . and t:ossible intoxications and animal reaction 
to ixodicides. 

(d) 	 Physical-chemical: courses will be presented to dAermine 
insecticide concentration and factors influencing the eamduct of 
the ixodicides in the vats (ev-n if these drugs have been used 
before) and the measures needed to solve these problems. 

(e) 	 Ecology: the courses will deal with the following subjects-parasite 
and general ecology, tick ecology, and courses on population 
dynamics. 

(f) 	 Experimental pathology: practical and 'aboratory courses will be 
given about aspects of diagnosis, treatment, prol)hylaxis, control 
and eradication of the diseasc.s being studied at the center. 

(g) 	 Statistics and Epidenioloy: a large amount of data will be 
presented on the statistics and epidemiological requirements 
needed to coriectly evaluat, field problems in the campaign and 
for accurate interpretation. 

These training: :ourses eeill be occomplished with thet coordination 
of all the fi-ld V'.:onnel ,ince their work and explri snec in the field 
would lead the p ni of research work in the laboratorv. 

It has been an honor to address this distinguished body and to 
express to you aspects of our numll-I-ber one problem for livestock in 
Mexico-the tick. The objective of this tak has been to let you know 
how the National Tick Campaign has been planned, its technical 
development and achieve.ments, 

We know about our deficiencies, the product of a young campaign 
recently established. 

We are aware of the problems and of the urgent need to solve 
them for the benefit of the national livestock and Mexico. 
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We are engaged in solving our deficiencies to reach better goals
based on self-improvement, dedication and determination. 

The battle against ticks in Mexico has been characterized by its 
creation from zero, without the nucessary ec.iomic and materialistic 
elements which vere supp ied becauste we U:lieved it was the challeng-e 
to take. I have exp(xC,)ceI(l the:;c concepts here b-cause i believe they 
are basic pillars when inlroducing any sanitary campaign, not only
against ticks, but any n all Latin Am eican countries. 





Summary of Discuissions of Papers by:
 

0. 1 Grahwr 
,Joao (C.. Gollz~le.' 

Ralp~h .4. Bran 

Luis Befltrti 
Dr. Stephen Barnett (England) suggested that the discussioln be

limited to BonlhiI'l; microplus and that importance be giver, 1o the
ecobiological aspect without dlving into tick resistance to acarcides
 
which would I),trealed later on.
 

Dr. Alfonso Escoba (COOPER, Colombia) inquired when cattle 
dippingos hunhd be givc n and at what intervals. Dr. J. Gonzalez (Brazil)

replied that ticks ar,, more s isceptible when initiating the nymphal
 
melamorphosis. the p,rod w hvn 
the sexual fnrms staut to appear

Fle recomlnended an in t evaI 
 of 14 days.
 

It was suggested by Dr. Escobar that baths 
 at i- day intervals 
perhaps wouldn't attack nymphs -owever. Dr. J.Gonzalez replied that 
metanymphs are siuscoeplible. 

I)z. 1,icard (tcl oa (Cdlombia) indicated that in order to maintain 
innuinity against 1he lmoparatles some ticks must bc left on the 
animal. 1Ih as;ked, if bathing intervals of 14 days are recommended and 
how Conlld this 1cdone. Dr. 3.Gonzalez recommended 1.4 day intervals 
as the alsl ptniotd bLt added that the frequency of the bath depend::
on the tick population: if thi:; is diminished, ttc bath should not be
given Three al hs at 14 day intervals are ri commended. Then the 
cattle are examined and the tick population is estimated. If it is
iltimermUs, two to three more batiks are indicated. Once some balance 
has been accomuplished, lhe baths are suspended. Surveillance is a 
very important factor. 

Dr. Guillermo Mateus (Colombia) asked, if the days of residual 
effect of the product used are included in the 14 day interval, would 
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it not be better to bathe every 18 or 20 lays. Dr. J. Gonzalez maintained 
that despite the indications of residual power, what must really be 
considered is the residual left in the animal's hair. Phosphorate 
residual has been found 30 (lays after tle animial va.- lipped, but it 
is not known if this would prevent tick rein festation. He added thai 
it woud( be risky to rly eon a factor. whw,,' efficiency is dtbi u. 

Dr. Hernan Zaraza (Ctdomlbia) stated that. the relationshi p of the 
Sist.-parasite should not be interrupt:d. Frcquecy o the baths depends 
on tick populatiens. Surveillance USt b(, done by trained i)per 0nnel. 
Dr. Barnett replicd ttal,, he thoug4ht thie 14 day interval fAr baths 
was the li r adeqwcla nevertheless strict regulations cialll[ot W 
iol)"i(i. lW ,tand int nwcU teri~netati:an is f..ce(l in Latin 

Dr. Knneh Ti ,mv;><a, (USAT. Colohbia) asked Dr. J. Gonzalez to 
elaboratc on the life cycle ri the I. micr phn-; hn razil. Dr. J. Gon-
Zalz offered I ,-. 1 )",ilo d ata 

taig!'vit n!tala'va 
Nymphal si ic (:nvraah and ,citanymph): 5 to 16 days. 
Adult stage (mnaicvs) 12 to 39 days. 
Adult stage A nial i:.. !st. neogina: A 3. 

ast ilcogin: day 35. 
Most frqcluent iti., 
Larvae: day 4. 
Nymph: day 8 
Mctanyrnph: days 9-14-15. 
Hatching: 2- 3 das in December, January and February. 
Oviposition: Minimal periocds: 6-7 days in warm months; in Decem

ber and January.
 
Eclosion (to dif ir(n1iui t fir oum oiiosition).
 

Larval StOL.C. and 1I to 7 days. 

The life ol the larva: Oa larvae can live 240 days in wvarm and 
humid sea::onls . HA vi]l kill the ;arvae: cold will preserve them. 
Tile larvae dvwpaiteCi nfcold season-, (,Junel-July) die lore easilY 

Dr. Thompsun iorjaircd brw lang it takes f(r the developimeint and 
sub:sequcnt hatch ing of Ilh_ eogg taking into acco nit the cycle o 
P. microplus on the ground. Dr. J. Gonzalez stated that tern 
perature greatly influences the period of pre-gg laying when the 
adult tick diops from the aninal and starts to lay ,,ggs.With fvoiable 
temperatures (warm months) minimal eclosion period is 17 days. 

Dr. Barnett asked Dr. Gonzalez if the information obtained from 
his experiments in Brazil have been published. To which Dr. J. 



Gonzalez replied that everything concerning the biological cycles has 
been published. 

Dr. Gavin Brait hwaite (ODM, Argentina) inquired if the figures
concernin, the biological cycle of the Bophilus microplus tick were
obtained while working v,,h temp-ratures at the field or laboratory
level. Dr. onzahez replied that the, work was done at tile environmental 

Dr. Manl) Roj-s (Pcru) inquired about methods for studiing
larva,- in the field. Dr. Braithwaite slated that larvae have been
stludied measuring them in three different environments. The engorged
feials were placed in the thre:: areas and dates were recorded. They
were ob)s(erved three limes a week in summer and two times in winter
tintil the larvae emerged. The most important stage was the. pre
hatching period (dropping of the engorged female) through
observation of tile first larvae) and larvae survival. 

Under natural conditions the pre-hatch period lasted 80 days in
winter and 27 in summer. Tu(' maximum duration of the parasitic
stawe wa-s 1-10 in and indays winter 63 summer. The meteorological
cotndlitions were measured. This was done in nine different environments 
anld hlere was alwav.s one control in the laboratorv. 

Dr. Rachel Galnn (Israel) askcd if the Zebu Brahman breed isb.lng crossed in Brazil in order to increase resistance to ticks. She 
asked if this tesistance had been investigated against B. microplus. 

Dr. J. Gonzalez stated that in Brazil. Zebu has been crossed with 
Aberdeen Angus and it has been observed that as Zebu blood increases,
tick susceptibility decreases. It appears that thickness of the skin is 
not important since, there in fo!malion Zebuis that skin is even mor 2
delicate than that of European breeds. Some people believe it is due 
fo the presence of sudoriferous gands. Hovever. lhe believes that
 
resistance in Zebu cattle is humoral in 
 nature. 

Dr. Rojas stated that there is information that resistance response 
occurs throuh serOus histamine, depending on genetic factors. Zebu
have 83 percent serous histamine, while European cattle have less. He,
therefore,, believes resistancethat m.oist have a genetic basis. 

Dr. Antonio Gonzalez (Mexico) commented that the hypersensitivity
phe'neme'.non (lb'served in Zebu cattle is what grives them their
rCsistancC. TIiere certainareT anatomical-ph ysiological characteristics 
Which give tlhem1 this cap~abilityv. The inoculation of certain shark
liver oils leads to conditions in which the ticks dron from the animal.
This oil v,snmixed with extracts of fat Llands from Zebu skin. When 
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ticks feed there is an exudation of material around their hypostome. 

Ticks then adhere and (ie. 

Dr. Barnett inquired there Brazil nv progtamif werc ini aii iatioii 

to promote the crossing of Zebu cathtl withI lids taui11s to colntront 

problem. J. Ih11the tick Dr Gonza'ez iiidicated that imO wer, j)n(grams 

mainly in the traditiomla -t.as of exjloitatioll of W1,oneal breed's, 

Dr. Galun asked if theic lImd bccn any res:carctc ot cattle breeds 

resistant to ticks. Dr. J. Gonzalez stated that he did nrot krow of any 
such programs. 

Dr. Barnett notedc that no one has worl.:ed n t lic economical 

aspects of babesia and anaplasmosis. In Art,,n tin a, there is no data 
about the cost of the eradication campai-n. 

Dr. Antonio Ibafiez (Paraguay) suggested that since cost-benefit 
analysis in planning a tick campaign is requisite for politicians the 
economics of control programs versus eradication should be discussed. 

Dr. R.J. Bawden FAO, Uruguav) stated that the program must 
clarify its objectives and define its methodology. In Uruguay, therc 
is a plan to study the importance of tick-borne diseases. Such a plan 
could be used to study other disases as well. There are three stages: 

(1) 	Identification of losses.
 
2) Diagnosis of the parasites present.
 

(3 	 Advice from the control program (using data from other 
sources. 

The 	phases: 
(a) 	 Diag-nosis - Measurement - Assistance for the losses. 

Prevalence in Uruguay: throughout the country. 
Identification of the losses: direct and indirect. Closing of the 
external market, etc. 
Quantification of the losses. 
Function of the number of hosts with the number of parasites 
or with an Cquation from the Economic Bureau of Australia; it 
can be isolated and measured as a percentage of the depression 
in production (Johnson, Australian economist). (Includes 'he 
probability of anima's which get sick). 

(b) 	 Classification of the losses. 

Handling study. 

(c)Controlled field experiments. 

Analysis of cost benefits of control; there are three phases 
which are important to measure and evaluate. 
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Dispersion.
 
Reproduction.
 
In festation.
 
Description of the eradication parameters, analysis of the
rejS)onses to measures.the control Development of the control 
program must be studied at the individual producer lvel and 
Ihen generLu ized. 

Macroeconomic analysis-The market repercussions are measured 
by macroeconomic analysis. The government must analyse the
control situation according to the national investments, etc,
and with 1he data obtained by the scientists. 

Dr Matcus as':ed Dr. BrI3tran to clarify some aspects of the tick
campaign in Mexico. He asked wiat vre the studies n factibility:
the basic data before initiatin!, the campagn and the most difficult 
)roblems the campaign must face. Dr. Beltran rplied that they mustbe one step ahead of the tick and the strategy was to convince thefarmers of this. The decision to use dipping vats was due toidiosyncrasies of the workers since aspersion baths were 

the 
unsatisfactory.

Dipping was more economical in Mexico. Th,, most important problems
faced were socio economical in that there was little knowledge about
tick damages and control tec-hniques. The farmers regarded the tick 
ai; a natiral thing to be tolerated. 

Dr. Ban iett inquired if Dr. Beltran has been able to sell hiseradication program and if there were results to support it. Dr.
Villaseflor replied that they' were opport unists-they had a leader, a
salesman in the person of Dr. Gustavo Rota, who knew how to sell
the tick pro,,,-ram. Also, thc economic moment was favorable.
Government changes made it difficult to obtain money so that public
c)inion 1be andhad to mobilized t hcn thL !,gvernment convinced. Dr.
Villasefior added that there is a need fr"dalea on losses caused by the 
)arasite and its diseases and to persuade the gov'ernment to controlthem. The idea has to be sold. Eradication :.hould not b: proposedtrom the begilning, first the lick must he controlled. 

Dr. Graham stated that eradication in the United States tuok from 
1906) to 19-13 to be successf"ll. 

Dr. IP.J. Bawcl'n (FAO, UruaMV) stated that Australia
droippLU iis eraication Campaigyn which cost them more than US 

has 
$ 2

millon per year. They now believe that ticks are out of control and 
that eradication is not a practical measure. 
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Dr. Ibafnez (Paraguavy asked what would be an acceptable lick 
level. Dr. Bawden replied that tick infectivity with hemoparasites is 
low in Uruguav, therefore, it is necessary to define the areas in 
which ticks are infested. Furthermore, there is a need to define tick 
distribution in the country and its impact on weight losses. 
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P'ogressi SccN N 'orml'radication in 

the Ullied Stute,. 

Ionald i//hams 
ScrewworI'ns are the larvae, or maggotm of the .screwworm fqy. Theyare a serious pest of warm blooded animals--livestock, pets, wildlife,and even humnans. They closely rsemble clnllOn blowfly maggotsbut unlike blowfly maggrols whih fted on ua rrion oi'dead or diseased

tissue screwworns consume the healthy le-sh Q the warmblooded 
animals they infest. 

Scewwoi. aric: foundc in opet1ntia 4 d sT female flylays a mass of tggs on lit edge 4 a w o I.Lava. hat-hl 'fro" Ihesseggs and burlaw MltOw flesh, wheur they feed Mature larvae drop to
the ground and pass h'ough theirtl p upai sia- in the soii. Later.usuallyiil about 1tdays, bitt .olrlet imrt n-:anch is (O dayVS. (epending
on the weather, they emerge from the .otl as fiies. Within days theflies mate, and bcgin infesting livestock wvi h :anew -,lneration of 

SC rewWorins. 

Screwwo.is seriously in it' maim, or kill ilif'sted animals 
)al'i l]arl Vs i ate'oar tit! e:l ted alld )C O ' rini10: t cc.larvae feed corllinuonusly. 'They grow 

SCCVworlll
frOln lar' LijCtlly Otit! siZO toabo)uAt, one-half inch in lengt, and in the pioess ,_'reatly clilargye the

wound. This destl'ctive parnasit was a ma jor ( , ! 1h,'ouhout thesOtlherll and sOnIthw.stein state,; and. loday, is stii! lond inlMexico,
Central and Soulih America and th, Greater Anti IL's Islands.
 

The destruct ion caused 
 by screwworms has been greatly reducd 
in the United States and in parts of Mexico compared with what it 

S1htff
(Ahihi, \VIterim*Hlari . S,'lt'\ l krl it'i i lr .'na~m ,VS 0)505 lBrhvt+,S1 lRoal, l1,,,m 73. I SI).A-\Pll IS.lHiuiding,rl",,'~ llalts\ilh...Mar',land

2)112. 1 MA. 

(US 

http:Screwwo.is


was before the cooperative eradication program was initiated using
the sterile male eradication technique. 

Scientists of the U.S. Department of Agriculture (USDA) artificially
raise millions of screwworm flies, ,:,nd make them sexually sterile by 
exposure to atomic radiation. The sterile flies are then released over 
infested rangelands, where they mate with the native fertile screwworm 
flies. Eggs from such matings will not hatch. Since the female 
screwworn fly usually mates only once in her lifetime, screwworm 
reproduction is stopped entirely when there are enough sterile males 
to mate with all fertile females. 

The sterile male eradication technique was first used successfully
in a pilot project on the Caribbean island of Curaqao. It then was 
successfully applied in the southeastern and southwestern United 
States, Puerto Rico and the Virgin Islands. The continuous release of
sterile flies throughout the United States-Mexico border area creates 
a barrier zone against migrating screwworm flies that might reinfest 
the United States. 

Screwwormn eradication programs, past and present, have succeeded 
only when the sterile flies greatly outnumber the native fertile flies. 
But this favorable sterile-fertile ratio can be achieved only when
livestock owners support the eradication program with their own 
efforts. They must hell prevent infestations by not wounding animals 
during screwworm season, spraying with preventative materials. 
treating all wounds and infestations, and submitting samples of larvae
from infested wounds for identification by trained program specialists.
Every step taken to prevent, eliminate, or report a screwworm case 
reinforces the overall to eradicateprogram screwworms. 

The history of the screwworm in the U.S A. 
The screwworm fly is known scientifically by the name Cochliomyia

hominovorax (Coquerel), Until wasbut not 1933 any clear distinction 
made between this parasitic insect and the common blowfly species
Cochlionyia macellaria (Fabricius), which had been known since the
late 18th century. For over a hundred years, it had been assumed that 
maggot infestations in living animals were those of blowfiies, feeding 
on the decaying tissues around wounds and sores just as blowflies 
feed on the carcasses of dead animals. These larvae, or maggots, were
called screwworms because of the circular rows of spines around their 
bodies, which made them resemble the common wood screw. 

Screwworm infestations in living animals were reported in the
Western States as early as 1825. Destruction caused by the pest 
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increased over the yca s to the point where livestock production becameunprofitable in arcas.-,ome Htomc remedies for treating infestations 
were ineffective. By the turn of the century, ranchers were appealing 
to the governmcnt for help. 

The U.S. D: part tment of Agriculture started research on screwworms
in 1913, but thest early studies failed show theto distinction betweenlhlt 1)8 IaSitic an( non parasiti infestations. Realizing needtheincirsd (Mlrts, hi U.8.D .. 

for 
Bureau of Entomology and PlantQuarantine in 1929 established a research stat-ion at Menard, Tex.,

under the direction of tntomologist Emory C. Cushing. This station 
wa. subsecquently nov,c to Kerrville, '1 x., and expanded. 

At the new e-eartli statioin, iis(i.c toxicoogi;,ls and entomologists
concentrated on measures to 1)O11 ci: t v.01 ids against .meii'\vVV,'ions-an
effort that advanced rapidly when tHe leamn developed a wayartificially rearing large numbers of 

of 
screwworms. thereby obtaining

anl adequate test lpopulatinn. Anng the various toxic chemicals tested,No. 62 (diphc.nylamine) proved th- most effective as a wound dressing.
When dissolved in benrol and thickend tilh a turkev-redoil wettingagent, this became an effective larvacide. The preparation was furtherstabilized vilh the additii of lamabln,,l: .nd 1 became the welknown-Smear 62"--for years the standby p,-c par.ition for treating screwworm
intfestaLio1s. Oranlophospli r1 s comnpounds; have replaced Smear 62 inrcmont years, but this l)YCparation marked the first significant relief 
from sSCi \vo'llis. 

Even with an effective wound dressing,. however, screwworminfestations continued. Constant vigilance was needed to protecet
livestock. Trapping immense numbers of blowflies over several yearsbrought no appreciable redhintion in the nuinmbr of infestations. At this 
point, Director Cushing concludt d that1 1 '.e in HIho researchsoin vital in format ion about this livcstock i),.sl nad ben overlooked
and that a compicte review of its eco'ogy was n cessary. 

Cushilldg iiidertook a ofcourse gr'dluato situdies in medicalentomology in England at the University of Liverpool School of TropicalMedicine. Under the direction of professor W.S. Patton, he collectedaiid studied saLmpl C-s of the various species of American blowflies.
Alhiilih extcernally the flies al)peared identima!, lie obsorved distinctdifferelrnces betv.'el tie sextual organ;; tHeof blowfly C. nacella,' andthose of flics reared from inagots 1und in infestcd wounds. Thus, in1933, the culi)r! was at last identified and given tihe nam ('Tc tionvia
anlricalL., subsequently changed by other specialists to C. hlOninllvolax. 
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Identification of this parasitic blowfly species came none too soon. 
By that time, livestock shipments during the drought years had spread 
screwworms to Florida and other southeastern states, where they 
caused heavy losses among livestock, pets, and wildlife. As in the 
Southwest, even humans occasionally became infested. Livestock 
production in the southwestern states had come almost to a standstill 
because of the immense screwworm population. 

Research on an effective method of screwworm control or eradication 
was suspended during World War II, but resumed immediately 
thereafter under a team of entomologists that included Dr. S.F. 
Knipling; Dr. R.C. Bushland; Dr. A.W. Linquist; A.H. Baumhover;
A.J. Graham; D.E. Hopkins: Frank Dudley and Weston New. 

It was observed that the female screwworm fly usually mates only 
once in her lifetime. This mating fertilizes all eggs that she will 
subsequently produce. Dr. Knipling proposed that if large numbers 
of male screwworm flies could be sexually sterilized and distributed 
throughout infested areas, natural reproduction would be stopped 
by the mating of sterile males with fertile female flies, which would 
lay sterile eggs. 

An intensive search was launched to find an effective and economical 
means of sterilizing large numbers of male screwworin flies. Dr. 
Bushland and Mr. Hopkins discoverec that screwworm pupae, just 
before they develop into flies, could be sterilized by exposure to 
X-rays. Further research, with assistance from the Atomic Energy 
Commission, showed that sterility could be produced througi, exposure 
to gamma rays, using Cobalt-60 as a radioactive source. 

Eradication 

Research provided the foundation for control or eradication of 
screwworms. Now the time had come to see if the theories would 
work in practice. USDA scientists sought out an infest-ed place that 
was isolated by natural barriers from other infested areas, so that 
the prob.em of reinfestation by migrating flies could be eliminated 
from the experiment. In 1954, the Dutch West Indies Island of 
Curacao, 50 miles from Venezuela, was selected for a screwworm 
eradication experiment. Tile release of sterile screwworm flies over 
the island had the predicted effect. Screwworm egg masses, collected 
from wounded animals, showed a rising percentage of sterile masses 
compared with those that were fertile. The number of infestations 
dropped steadily, and after four months no more egg masses could 
be found and no infestations were reported. Curagao became the first 
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place to be liberated from the screwworm menace and it is still free 
today. 

Success of the uadication experiment in Curacao excited
interest of .south'ast(.Tn livestock producer's. If screwworms 

the 
could be(liln inated witli in a small i-,'olated area, could they not be eradicated 

over a large i :(atd area such as the souheastern United States'? 
Until 1933, thw soiltheaslern Staleus been ofhad free screwworms.
The novem(ent, oi in fest :Id cattle into southern Georgia gavescrewwornis the ride neededfrec Ihey to spread into Florida, where
they became estrAblisihed and survived the year-round. From then on, they were a major pest of lhe region, )ften raning Northward
during the warm seasons into all thr Southeastern States.
 

In 1957, preliminary tP.sIs in Florid a showed 
 )rOmnisin, L:-sults.TIh, Florida legislatire appro}priated $ 3 million to dofray part of thecosts of state widea 'revwOrim eradication program to be conducted 
in cooperation wili U.S. Dej;,. tincut (1 Agriculture ovc r a two-year
period. This effort was furlther supported by Georgia, South Carolina,
Alabama, and Mississippi in a region-vide cc-op2rative program
ailthorized by C~mgrcss. which began in 1953 under joint directionof USDA's Agricultural Rm:arch Scrvice theand Florida Livestock 
Board. 

The massive number oi . 'Orile flies neCded thefor Southeastern
.screwworm1 eradication proLrra, : was provided by a sterile fly
)rodluctioni plant, conitructecd at ) '"'ing, Fla. For the first time,parasitic flesh-eatinig ins(ct, a was nimt.s produced and stcrili:'cd in anindustrial Iype of operation. Twnly aircraft wer, used to disperse
IHe sterile flies frol si all cardboalrd boxes. Livestock inspection
slations were (establi.hed along the Missisijpi River to keen the 
areafrom bein , ri'cstcrd bY t n( vicmen I of infested livestock from
the West. Produccrs bycoopeated iuspecting their animals, treatingwounds, spraying theiriehrds, and :;ending in samples of ma ,golts foridentification so Ihat program oW cia :5 (uld l)in}o int the location 
mnd severity of sC('Vwwwr infestations.
 

By the end (if 1959, the W'on lltl: I wi Q
i', of rcwwormls. Total
costs o1 two • Callthe .V'eal tiaigoll t ild o abotlt ,q11 million asComl)areditwith annual 82(1) nilll in Iiscs Caus. ci by sercwworms
in t he southeast', -. states. totl .1A (i 3A iMlion stMile flies werereleavd; (1.288.000 pounds of WhleIll(':'.' vas fed to larvae: 169,450gallons of fresh bod was used: 12 015 platics f:ew 39,244 hours
and 5 minutes over More than 3 million miles. 

Success of the Scrcv'worni Eradication Program thein Southeastled western ranchers to rcquesl sinilar efforts in their region. 
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Elimination of this destructive pest would relieve the region of an 
estimated loss in excess of $ 100 million annually, For the first time 
in more than a century, there was hope that the United States could 
be free of this destructive pest. 

But the hope of screwworm eradication was clouded by several 
problems not present in the isolated southeastern region. Screwworm 
overwintering areas in the Southwest were larger, and they extended 
continuously southward into Mexico. Screwworm migrations across 
the 2,000 mile U. S.-Mexico border presented a tremendous potential 
for reinfestation. Climatic conditions in the arid Southwest and the 
large numbers of livestock were entirely different from the situation 
faced in the Southeast. 

Nevertheless state and federal officials decided to go ahead with 
the Southwest Screwworm Eradication Program with authorization 
of Congress and the wholehearted support of the livestock industry. 
In addition to federal and state appropriations, southwestern 
livestock producers voluntarily raised S4.5 million to eradicate 
screwworms, donated through the Southwest Animal Research 
Foundation (SWAHRF). 

The southwestern eradication program began in February 1962 
with two principal objectives: (1) to eradicate the scrcwworm fly from 
overwintering areas of the Southwest; and, (2) establish and maintain 
a screwworm barrier zone along the U. S.-Mexico border through the 
year-round release of sterile flies to stop northward migration of the
pest. 

A sterile fly production plant was constructed at the former 
Moore Air Base at Mission, Tex., largely from funds donated by 
SWAHRF. Federal expenditures were matched by those of the five 
States comprising the original eradication area-Texas, New Mexico, 
Arkansas, Louisiana, and Oklahoma. The new plant was outfitted 
for the rearing of more than 150 million sterile flies per week, 
drawing heavily on the experience gained in the southeastern 
eradication effort. 

As in the southeastern eradication program, success was tied 
closely to the support provided by ranchc-rs in the management of 
their livestock. In order to reduce the number of fertile native 
screwworm flies to the lowest possible level giving the sterile flies a 
better chance to compete, livestock producers were asked to check 
their animals regularly, to treat every wound and infestation and to 
send in samples of the maggots they found in wounds. 
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The eradication program proved to be an outstanding success. By
September 1903', screwworm infestations within the original five state 
arca had been redueed by 99 percent, and an artificial barrier zone 
had been e.elathiislhd along the Rio Grande through the cooperation
of the MexiCan govern nent. This zone was extended along the entire 
2,00) mil border wvhen Arizona and California joined the program 
in 1965 

By 196,1, screwworms had been eradicated from the original five 
state eradication area, and by the end of 1966 the last self-sustaining 
screwworm populations had been eliminated in thi.. Arizona and 
California overwinlering areas. 

The harrier zone 

Srewwormi eradication in the Southwest did not guarantee the
region agains anntual reinfestations when screwworm lies migrated
Northvard hromn M\exico. The serewvorm barrier zone was est aIlished 
to Jevent. or minin ize such rein festation. which would occur1 unless 
sterile flies were relcased constantly wherever .eerewwvorms were 
reported 1o their nl igrations eonld be reasonably anticipated. 

The barrier zone operated on the Mim-..d si rategy of: (1) maintainin,
surv:iliance and s(rev,'nv)m prevention hlrc, ghout the region; (2)
confirming all suspected cases with worn samples or egg masses;
and, (3) the aeiial rei ase of rI ::rile liic- over all infested areas and 
eve,'y sit. of a eon fi in d,( sce(Vwo!men as('. 

Cooperation by ranchers. veterinarians, county agents, livestock 
ilspetors and others was an es.-enflial element of a successful barrier 
pr)giram. If wounds beamie infested and remained untreated,,screwwormns could build up to numbers to, large for Ihe continued 
cffetivene.,;s of sterile fly releases. If ranchers failed to send in
 
:mni)ls of larvae 
 or .eggnmassces (which (.in he identified only by

(Xi)ert' I )rograiul officials 
 (o(ld not trace lie spread and buildup
()f SCI'",Ww\VoII I11m(ae,,sles plan effective, siceile Liv relea.e patterns. 

ne.-;ily Ih))r barrierThe lltc a iO iIs obvious, considring that 
a screwt)rn Iravel at least 180 nI ! infest 

lost aniinial. A single infestation can pltuce more than three hundred
 
fiis witlin 21 day.. And any warm-blooded animal with an untreated 
wound even as small as a tick bite is 

li can iles to find an a suitable 

a potential host for this deadly 
parasite. 

The barrier zone worked exceptionally well. Screwworm cases,
which once numbered in the millions, dropped to only a few hundred 
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cases every year. Even after the threat of massive infestations had 
passed, many ranchers remained alert to the possible danger, 
especially when cases were reported within nearby counties. Worm 
samples continued to come into the plant at Mission so that screwworm 
eradication treatments could be made wherever necessary. 

Problems did arise in 1968, however, when unusually moist and 
mild weather created conditions ideal for screwworni survival and 
spread. Nearly 10,000 cases occurred within the southwestein states. 
Although this was only a fraction of screwworm flies before the 
program, it served to remind everyone of the continuing danger 
whenever screwworms built up to large numbers in northern Mexico. 

The hardest blow to the barrier zone program occurred in 1972, 
when some of the wettest weather on record in northern Mexico 
caused screwworms to build up to a record level in early spring. The 
predictable migrations occurred to such an extent that the sterile flies 
could not overwhelm the fertile population to the degree necessary 
to halt their reproduction. The difficulties were compounded by a 
lack of cowboys and laborers necessary to treat all the infestations; 
thus many animal wounds remained untreated and added to the 
already epidemic numbers of screwworms. 

Special regulations were issued requiring the inspection and 
certification of all livestock moving interstate from the infested areas. 
Spraying or dipping was required for shipments to the southeastern 
states. The dispersal of sterile flies had to be limited to the areas 
where they were most needed on th', eastern edge of the outbreak 
area end in the southern border areas where potential overwintering 
populations had to be rc-duced before the advent of winter. 

The toll from screwworms in 1972 exceeded 9,000 confirmed cases 
in 11 states. Even the regulations against shipping screwworm
infested animals did not prevent few cases from appearin;'g in several 
southeastern states. These infestations were eradicated by emergency 
release of sterile flies and by extensive inspection and spraying 
operations in each outbreak area. There were 14,976 cases reported 
in 1973 and 7,267 in 1974. 

The disastrous 1972 season clearly demonstrated the need for a 
more effective barrier zone. This could best be established across the 
narrow Isthmus of Tehuantepec in southern Mexico, following an 
eradication program throughout the northern two-thirds of that 
country. This proposal, which had been discussed for years, is now 
mving toward reality with the establishment of a joint program by 
the United States and Mexico for the eradication of screwworms. 
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v plant atIh ('-rewwo If AMission, Texa, 

Soll ivW. I. Sce- wworm Eradication Pi'oram and the expunded 
ra icat itil ,'ifv 1 Northernl Mexico are directed by U.DA's 

Anil:twil and,11>1 Ii:alii Io.p cton Servic, (APItIS) from the ,)'erile
fly production phan , Mi!,i, Tt'x. Sinc 1962, this facilily at the 
o)rnifI- 'Moon,' Air Fol(ce tas ila; s'cvod as tile focal point for retei\ iog 

cri'ww iii 

i.: SoutI e st .et'lvw!\v 

itl:Olt 1 ,ll]; Ili- oflthnvos'tei-l state,;. Tile lmiai]ing addrk ss 

r,. Erdication Pro"rail, API-IS. U . 
ID pa)tm!n i of Agriculture,13.r969, l\ision. Texas 72572. 

1itThe v'1i1 alri>ll! and (i;i ribuion of 200 lvilion sterikl 
creW\Vornl Ilio; eacl week is a highly complex operation that taxed 
th ahilitis 0f entomohOni.;ts, c-invers, pilols, vol einarians, and 
adnminislrator. 
yet tihe rstitll oi thoir (ffort.s is -a highly efficient 
indsilri:l operaiion that ha:; opera led around tlhe clock, seven clays
itwe,.k since til st rlt of th p)'grain. Some emi-ployees,-111-W working
Ithlect, shifts, col,eci and propagllo fcrtil, cr(,.vw(1rm es.....Red the 
rI'var the. store tillIl' p1181(, e I t Jt)1'pCe lime, an(] 

S . lilt, (rli flilst ; nl a~, fr l lo !I(- Ilrogram's fleet of 
ircra it. 

'1.5ilu
'11w, likint, vl ici h .-i ,r 1 .<quilr,, ' of 110oo, space, is 
lststaledl Ij,,htly ,iage any p )::,i)1h, c cape or f,rt ile flies or 

contaminaLted nanhTWim to the om01itt. All cmpl-yecs and visitors must 
chalge into llniiirnllv I) 

ordthr Io ent r tlti 'plalitaniid -_ 


an(d f> roluelb h pecial seen lit; scction in 
i mstl snwoir beferc, ,7 -ving. All 

materials Olust Ime incineratc or 1- (terilized' before leaving the plant. 
Ileavy hardware must pass th'rough a spec(ial "hot room" befo're it may
 
be lllovcd.
 

The operation of the plant involves many refinements thait have 
been developed o'er the year.s since the first wasplant constructed at 
Sebrin,,, IFla. 'File e,,c,.sfrom which the larvae are hatched are obtained 
fronli he fItile fly colon.. Eggs hatch and larvae Rod in warT,
shallow \a Is on a m'dium wliich simu:ltcs i the flesh of warm-blooded 
aninals. Tie t. ire larvae crawl froll the, .ats, fall into cliannels 
of fiowi\vll wlr o Ihat carry t11m t0 :t separator. They aro, then, 
placed il UV,'Jtl SI-filled h)oxe,-s for pupation. PllIle at, then seplai'ated
ftrlm illte savd.,: and hlod ill a temoerat r'l,and llumidi!y-contrclled 
room for about six days. At the proper age they are p leed in locked 
mnel l calnisters for raditat ian. The utipao receive alpproximatcly 7,000 
roi nl!,t'lls of 2alliI/la raditail cli'ill ilityeI froc rio i Cobalt- N 
or Cesium-137. Canisters of irradiacd pupae alre convoyed
automatically to tlle xeckpng section where the pupae are measured 
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into cardboard rlca' c boxes. The boxes, ejected from a ircraft, release 
the ,dii,,s that have emerged from their pupal cases. 

ield S111 v and idcntiification. mCthod.s (iev(lop Ml t.Ilant anId 
ai: 1aft Inance reel ions all importantnn' and adninistrative 
p ., tolal uiro-ram, in addition oo 1wtri ly rIlearinge 
opt 1: t( ::
 

3tedia used for serewworm larval culture - 912 1(;'! 

Since 1972. .crewvVI larVa h' e been rai d (mi hoisc meat, 
nulltia meat, bevine aInd svin, 1,,n. ;,nd liquid media. IHorse meat 

zOgi1115 :llia \v'aL: U.('ci .'vvral\vv Li"cd 1913 ...N t . - in 19;2 and 
million lom is o this mcia are utilize eah yer Swim ad(i 
b)vie lc \lvurl aso) used o"'"and on ll .2.h 1961 1 1970 A liquid 

,
IneiillCi., a e ()1 clricd . nill: flaee1 m coniqstinii d id 1" or 
calves, d'ic ,h i ,5, (l'-ec intl it1c, ehW.t,. eo !. ;i., aIil!ilill 
was i usc 1962. AL the, plec;(!11 time. tli:'.iissi a. ' ts. lanli 4 in 

is h cdin, k!" larvale on this medium
 

, ' _ 'vhi:h to the , di is lhe bst. cw(i)id.Tlatioll 

Lu fly prdc ! d s."colld 
t'7, ! n(i. 3>;I, , .d I ei, atn- )1. Il; ci ne(,di:t produ.' 

,"l41 riaItl .Th e > 1 n,,Li ba:sjt. In'dia 105(1lsii liquid
 
np : lout thei 5:1r,:, Nul riti aL ) .,.asol blsis;i all
W1 

i:i 1)OtiiiCds ,tl>a . ntria:;v.: iil :. ' \.: '.,! ':ktl"(bi~isdS:lffii. lit 

1 ot t'(6 L17l! - )11;11) at io:r'11'V i'ntie to : , la]t M i.Alkon
 
. 1i 1j moait m ' v i'.WV 1i1"
i;ilm ful ll ( 'n tle sipply uili'ria 
is C.xIillstec. the prluction in swite'd to liquid meclia. Any thei 
meat media, such as horse meat or beet, is so costly that i.,use 
would be prohibitive. Tl e inuredients used in liquid mtedia arc not 
onlv easily obtained but are (,as;er to stoie, requiriing no refi eralon. 
Of all media use d in th: Sou thIwe'stern Screwwvorm Eradication 
Prog ram, ]Ol...lun i.4the lea.st dosirab'e. 

Sterile fly release operatioll; 

rrond ,r 2thFlies are e aircraft 1hroagh spzcially censtructod 
chutes that ej('_.t and open the boxes at predetermined ratcs. Normally, 
the p~anes fly on ! ]o,l ioutes, or swatlhs approximatly 5 to 10 miles 
apart. Other aimci,,ift :v "IlOt- oot" and trategic" :terile flv release 
nisions. These. op,-artoen.s are stpport(,id by liv'estoek inspector.s who 

visit raichcos i.nthe infested areas, mnarking the ,;it( for aircraft where 
necessaiv and enoulagi ng ranche .ito in:liect 1lhic'i livestock, spray 
their hurd-, and submit larvae sanil:le:; for idnt ificat icn. The 
importance of the owners' cooperation and screwworm-prevention 
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husbandry practices cannot be overemphasized. Sterile flies alone will 

not eradicate screwworms. 

General responsibilities 

The fly d .stribution section schedules, conducts and records thedistribution of sterile screwworm pupae or flies which are receivedfrom the packaging department. Pupae are delivered in air-conditioned 
bulk containers to the Douglas distribution center by airplane or
truck to locations determined by the epidemiologist in charge. 

Scheduling distribution of pupae and flies 
The amount of pupae delivered to the Douglas center is determined

by a Program Director at Mission based on total plant production andthe current screwworm situation in the United States and northern 
Mexico. 

Routine scheduling of fly distribution from Mission is conductedby the epidemiologist in charge based on screwworm sample submission
by ranchers, field fromreports livestock inspectors, personal fieldobservations, weather reports and predictions as well as the weeklyplant production and the past history of screwworm infestations
Texas and northern Mexico. Weekly 

in 
fly distribution schedules aresubject to the advice and review of the veterinarian in charge of Field

Operations, the Program Director and the screwworm staff at 
Hyattsville, Maryland. 

Distribution of pupae and flies 
Pupae are delivered to the Douglas, Arizona, Distribution Center

by C-47 aircraft twice each week to minimize the time that the pupaemust be kept chilled. Pupae for each delivery are collected by the
packaging 6epartment over a period of 18 hours and placed in trays(one canister of pupae or 5.6 liters per tray) which are put in racks.
As each rack is filled it is moved to a cold room (temperature 50' F.)
until the load is completed which is usually about four hours 
beforedeparture time. The pilot scheduled to fly the load checks weatherconditions, makes a pre-flight check of the aircraft and when "allsystems are go" notifies the packaging department to start theloading process. The pupae are poured from the trays into bulk
shipment boxes which hold five million pupae each. The boxes arecoristructed to allow for chilled air to be pumped through the pupae
mass while in flight. Pupae temperatures in flight range from 55' to70' F. At the Douglas distribution center the pupae are again placed
in trays and then packaged over a period of two days. 

93 



Flies for distribution from Mission are packaged at the rate of 
2,000 pupae per box, held at tzmperatures ranging between 75' to 
80" F. until they are about 90 percent emerged and then placed in 
a cold room at 60' F. for 8-12 hours prior to loading for dispersal. 

Two types of aircraft are used for fly dispersal: the Be-chcraft 
C-45 which holds 1,000 boxes of flies and requires one pilot and one 
disperser; and the Douglas C-47 which holds up to 4,000 boxes and 
requires a pilot, co-pilot and two dispersers. Boxes for the C-47 are 
packed in carriers of two sizes (24 or 84 boxes) to expedite loading. 

Usually, the C-47 aircraft are loaded and depart early in the morning 
to take advantage of the relatively cool temperature. The C-47 flights 
average about five and a half hours per day. 

The C-45's make two or more flights from Mission each day from 

one to four hours and can be shaded and air conditioned while loading 
to minimize heat build-up. The C-45's are also used at auxiliary 
distribution centers where they are loaded directly from refrigerated 
trailers. Auxiliary distribulion centers are used reduce "deadhead" 
flying. 

Three aerial dispersal methods are used. These are termed grid 

patterns, hotspotting and strategic releases. 

Grid pattern This is used to disperse f.ies over a large area. The 

grid consists of flight lanes of varying lengths five miles apart, and 

is covered twice each week by flying alternate lanes 10 miles apart 

so that, by the end of the week the area has been covered on lanes 

five miles apart. The numbenr of sterile flies dispersed on the grid 

varies and is determined by the epidemiologis in charge. 

llotspotting Each ranch which submits a positive screwworm 
sample is treated for three to five weeks from the collection date with 

sterile flies. Hotspots within the grid pattern receive about 50 boxes 
and those outside the grid about 100 boxes. When the number of 
active hotspots in an area exceeds 30 per 600 square miles, individual 
hotspotting often becomes impractical so a hotspot grid is used. The 

approximate number of flies which would have been released on 
individual ranches are then released on a grid pattern, in addition to 

the regular grid. All active hotspots are treated each week. 

Strategic releases. These are releases 0f sterile flies along rivers, 
streams and canyons in the drier regions of the United States and 
Mexico where animal populations tend to concentrate close to water 
courses where forage is most available. Reported screwworm cases 
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from th e area.s follow samethe pattcrn. All scheduled strategicreleases aric (o'0111)] ed cach week.
Groi d vId ctating in 1974i rehase each new iported cas is 

treated by a d rha~o t'rof t:1eile fli ,s. The flies are delivcred toa litlliblr' of r'llll locatioll: asJtdll(I the taIte eiteher by refrigre rated
II'tck or by alir-itil;. halir tAnd coinl, a-wllt pick ilp 

'it; alId federal livestock inspctors,and d( liver PIe flies directly to t1elocalioil i rlI t1i , i'f-;tinl was lould. Ground relcases are alsoroad'e' at rilerases'lis y ro, I (ctllhre 
or lome week.s from 

t.h last o;i'ldn(i r-.1t,, ; . 

Rec,)rdii 1b1.diexi'iltion ii fly dist ribution section kecps arecord Of cach I tal i11(1F1n Ihe inodividtual flight rceords a dailyrelease reporI, is andmaie sont to fhec datasurvey section whichcompile.s a wcekly inumiya of fy di.spersals from both the Missionand Dougla.s; rtil.ionDiSt Ct'mlers. 

Fly r hlv a car0l at, ii! 'vlav mlethol. In tie southeastern1l)r'D ra IIIl .itI i, 's 
cmitoiis 

wr, rel.ed rom sm.all perforated cardboard(a2proxinate,".' x -1- x 6" in size) containing 400 sterileIiCs. Ca ttlUwle Vt el'kcteVad from aiicraft fPown oin lanes two milesapart. lmes were cUsed in to one llile (n 't ernats wceks providing1lY release1 eVTry inile each two wed. period. 
Inl the sol tlihwe.-' n )pro:,ral, Ily releases w'ere made from
sm;all cartons on lanies four miles apart lanes 

the
 
with two miles aparton alternate weeks. Introduction of a largei carton (approximately4" x 6" x 8'' ini size) coit aininig 2,0)0 sterile flies was made the thirdycar of ile prngram (19(35) and the lane widths were increased from


4 - 10 miles.
 

A screwworin outhrealk in 1ni lu precipitated questions that the flydistribution was inadc; nate: however, in the years 1969 through1971 the la C'ge, eartons and wider flight lanes proved entirelysatisfactory. Since 1972, howeve', there have morebeen extensiveoutbreaks of SCi'wvoris ill lih' Unitedt S!atcs. For this reason, flightI lnes Iave been reduced from till to five mile' apart a 1d in the hotSlllmller ollontlihs f lie, nu tf flibef'' s elonp was reduced frolm? 
2,000 to 1,500. 

The rate of terile flies per Square mile varies wit the severityof screwworm outbreaks. Generally speaking', 1.000 sterile flies peisquare mile are released on flight overlanes areas with limited 
infestat ions. 
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Operation of th .metIods develo pment setitl
 
Quality ctit rol
 

Quaitv control operations are dividLcl into two areas of fly 
prodtuctitin. The.<e can be roughly separated into tests and checks in 
the plant during rearing sequences and those similar activities 
conductcd on tl'-, finished product, i.e. sterile flies. 

Quality c'on trWo Uperations in the plant are being instituted to 
establish cho'ck points in the rearing cycle to determine when deviations 
from optimun -caring conditions or other impinping factors occur. This 
permits localizing and pinpointin g Ironble blfore it grossly affects 
production. Th so ,ont inc cheeks will include determining scx ratios 
of flies in colomv cages. iatching, -,;aci and obtainingtratio quantity, 
larval weights at various points during thh larval stage. Age of th(, 
pupae at he ir of radia tion wilI be rou ticly monitored. 
Temperature,s 1,.,(i to be tiakcn from selected rearing vats both in 
starting rooms and the main teari.. floor during each shift, hi 
addition to that described alov,, it ii necessary to explore various 
avenues to initiale. refin:, and upgracle the described checks and tests. 
There is 1.o do.) ht more critieai rcntitine (\xtination'; ran be 
mLad". 

Fo t in ev u:-,C',cut -:ide the plant coml lc , kUpon th1 t''eceipt
o" s-.cr1ilizc plpae A toptosnt ative sample O:ifpupae (aLbout 20) is 

remi,o:cd rum .ach canister after irradiation. Sam llc arero combined 
froi each irradiation source per shift. These pupae are held until 
adult emergoeco and an emergenec percentage determined. These 
adult irradiated flies are held at FF. (26.5 C.) and 635 percent 
RH for an additional seven clavs. At this time they are force egged by 
placing about 15 insects into a glass tube with a small quantity of 
horse meat. The tube is stoppered with cotton and held for three hours 
at 92' F (33.3 Ct in an incubator. After this interval the tube is 
examined briefly for lh: oresence of eggs. If an egg nass is noted 
(which occurs two or three times in 10 years) all of the flies an' 
transferred alive to a holding cage to ), tested and (dissected. 
Otherwise the flie - are destroyed and the irvat is examined under 
t.he microscope for sin,le eogs, If any eggs are apparent, the tub" 
is held an additional 24 hours at 80 F, (26.5 C) to determine if 
hatch will occur. Appropriate tecord keeping is essential in this 
operation. 

Mortality tests are conducted twice weekly on randomly selected 
sterile pupae. In this operation two 100-pupae samples are set up in 
test cages containing adult food and water. The adults are permitted 
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to emerge at 80 F (26.5 C). After full adult cmeigence, the pupalcontainer is remolved and the numberi' of non.emerged is determined.
The adults are held for sew', at 80n 
 F (2 .5' C.). The dead andalive arc. determined. Sex 1,hoseatio:; a e 'stahlishel for remaining 
alive. 

A heat l(st onclla day. As sr(,s is Ol(. randomly seected sampleof eight dlispear al boxe-s are obtained at a stage f ,4060 percentemergeice. All emerged flies arc rceascd. The remaining pupae are
held one hoir thc';e emerged are anest hetized, sexed, and the malesdivided inco four grou of:is 100 insects per group. Eiwh group in heldin smnall wire cacew for hours 981I6 at F. (36.7 C). At the end of
this tins,, mortality percentages are established. 

A diily six ratio is determined by obtaiing randomlya selectedbox of flies ready for a dispersal flight. This is returned to thelaborator' and the flies ki,:'ci by fr(ezing. The s:x r tio is determined
from this sample. Froi samethe box an additional detcermination is
wade. i.ce.the nulber of m llants 1ucha yellovw or .vhie eyes and:;icklf wi i, bhoxe.smor are tai.,in ' achfr(In aircraft af1er dispersing
flie:; and flies capalble of flohi are released. DIad flies renaiiling in thebox arc counted and t'smniovec. Each Oijcpsala]h: cosc'dis alld heldat. 80 F. ntil ithe folloiwing clay. At this peon t,,b':x; are placed
in the frezer to kill all viable forms The nullibeI of adults emerging
overnight and the e(llrt (I-n1-ne .erged'tituan, determi ned. 

A series of experinmental non-loutline aret ests also conducted inthe Quality Controliadliat ion sonl!'ces Unit. These max vary from detailedtP collii"t m studies onmto l 
ra, msines M fly maggots. Conductingcertain porthin of field tests a

form part themay also a of activities.This stui sleion prepares life cyee kits and other informational
 
matt rial. A numler of miscellap-,ous dutics 
are performed, such as
ca'e makin-. lstrument maintenanco, janitorial work, 
 etc. Recordkeepiing and reporing is a Rey funti(,,n in all operatior.s. 

Ctrreol'lv. at the Missioi plant, several ]iv,' type,- of qualityconitrol tests are being exploied. Somo of these are biochemical innature and hemust simplified in sich a way that applicableinformation can be obtaill-d Iy ninimaily trained personnel. Thesetests vollld include 1tross( determinations of lipids, fattv acids. andglycogenllcontent (it' either laru'vae or adlits. It is assumned that these are essential compounds related to fligh! capability and long,,evity
adult, flies. There arc a nunl ber of other possible tcst s be 

in 
to explored 

at the Missio i plant. 
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Plant and field testing 

The methods development section basicaily contributes to three, 
goals: (a) increased operation efficiency; (b) decreased costs; and (c) 
delivery of a better product on the ground. The section serves as a 
focal point in the transmission of research findings, new ideas, new 
engineering approaches, etc. to the operational mode. It conducts 
the necessary tests and evaluations at the plant, laboratory, and field 
leve's. It actively participates in technical crises solving, and acts in 
an advisory role as requ:.sted on entomological matters. The following 
descriptions are representative, but not all inclusivw, of the types and 
diversity of section activities. 

Experimental studies on larval diet components and methods of 
feeding diet material are an essential and continuing effort. Much 
of this work is accomplished through the cooperative efforts of plant 
production personnel. A great dea! of investigation remains to be 
done on diet substitutions for cheap-Ir operation or for a:ternatives 
to biologics which may become scarce. Waste products produced by.> 
feeding larvae appear to be a major impedinent in the rearing of 
larger adult flies. Th.: removal or inactivation of the material should 
substantially increase the quality of flies and is presently being 
investigated. The Methods Development Section is also called upon 
to check or establish standards for biologic material. When 
inadequate laboratory facilities and. or competence is lacking, it is 
tho section's responsibility to have such material tested by outside 
laboratories for comparison with the standards. Considerable testing 
needs to be accomplished in order to establish the quantity and quality 
of fertile flies used to maintain colonies in the plant. Concurrent 
with this, studies are prc'sently being conducted on food maintenance 
materials in the colonies to insure greater fly longevity and egg 
production. 

During the past year studies of several fly colony strains have 
been conducted. The.se studies have included field tests to determine 
dispersal rates and distances. Other tests have included laboratory 
and field longevity as well as mating patterns. Other field tests have 
included trapback studies to determine dispersal rates, dispersal 
patterns, fly longevity for chilled flier, and chilled pupae as well as 
testing elevation and swath width distances. Other tests are planned 
to test topographical features with references to both sterile and wild 
fly populations. All flies collected from such tests rquire hand sorting 
to establish results and subsequent interpretations. Beginning this 
past spring, an effort was made to establish the effectiveness of our 
sterile fly releases 'by monitoring sterility through the use of sheep 
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pens; however, Ilhi:; had to be discontinued due to thz, lack of velicles.However, efforts are presently being made to re-estab:ish a monitoring.ysi em so that a reaonahbl efforl can be made at monitOringr program 
success. 

Ther ;re a number of concepts in the idea, research, or 
development stages which will require further experimental work. Anexample of an item at the developmental level is the chilled flyrelease cop . ,iold I(at'; hav,, establ]ished that flies collcte1d ,lortlyafter ad,, ri,'ne, ,tiled, hfINmd, and hi-rl !ow Ic!lenat 'raturo(31 - "0 F) 1111ti. dliv:.y. :,,zrvive b'itol j I winlad than our current 
sys tem of te l,. tin der the' ihill ::vsteri th-' currcitp packajin,:system ,.voild j1:"t about b)e, andelimina ,id bettir dispersal achieved.
Pres.;llt irhlii toi lapid preegros; in this area Ire bie-engineering
prob!ems ;,eiatewrl fcasihiaSys! ill,. 

mostlyI: :l.:; ih a aii'c,tfl adapled delivery 

F'radicaitm 1 ms l uertuIl1S('o l'r 
 Ri(.o ad I!! Virgin Islands 
It %v.: s i( l I uivito IL"" a le U.S. Virl 1in
Were IIi.' on]1" a I ' Ulit,,d S it
of ilhe 'it 'V, !( ":Crewworils 

(polllil't-di ;Itt,he'9 
 i l , n ncT:tci1,1,,1 tl sOinak 

lroducer an e.-di m atd 2' . iln ya Th los estha rsult oft wre
I nd. h riw. ,'.ao.oage at slaughter

Of serwv,'orm in frosci midmls. esOl if in ito- .I rtllaellts,

death losses. dam,age to hidens a id ros: f husbandry abor. Caszs
in luni'nuls weit, o-,casional ly rportcd. Pa:erto ican animal health

officials 
 and various livestock p1rociucer ergan izations requested that
the Animal 
 Health Divi.ion of Agicultural R.s-arech Service (ARS)enter into a cooperative prog,'am with Iihen:l couldo lead to theeradication of rcrcwworms from Puerto Rico. Experience to be gainederadication serewworn-gin the of feori a tropical environmelt such 
as Puerto Rico witlh a hj,.h densi! ' of livo,:to k wonud also providevalh abe experit.nce which c,.uld appliled in t!e topical regions ofMexico, where .scre\vworm eradication will be-oon undertakcni.
 

Because ser,worli flies could 
 eadily travel distances to the VirginIslands and betwcell them, and as they could he iltroduced oil infested
livestock carried onl boats Co011inz frofm otlcr infCted islands in theCaribbean, the U.S.nearby Virgin Islands and BritishThe VirginIslands vere inc:uded in ilie eradication progran.iThi would insureIhat Puerlt Rican livestock would not be easily exposed to
reinfestalion by fertile flies from Ihe nearby Virgin Islands. 
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It was not possible to determine when the scrcwworm first invaded 
Puerto Rico. No doubt tho parasite had been present for long time. 
It was considered that the isolated poinlations of scrwworin flies 
could have evolved to tho extent that the Puerto lI.icami tr:iili o Ilies 
might not mate with sterile insects developcd Ironi main'.iamd slrains. 
To check this possibility, ARS ,cienlists made thr"e collections of 
Pu erto Rican scrcwworms whilh were tested in t le 1,bodatories at 
Mission, Texas These tess, conducted in sma l l cae s in Ilw laboratorv. 
proved. that 	the sterile males being produced at Mission did lefectivelv 
mate with 	 pative Puerto Rican female screvwworm flies. The, 
program was 	based on tie assumption that sterile nmics released from 
airplaies over Puerto Rico would mate in the field with native Puerto 
Rican female flies as they had done in the :abe'ratorv. These gravid 
females vculd lay their eggs on animal wounds, and the resulting 
eggs would not hatch. For the program to work effectively, sterile, 
males mu.st o,,i12nib.r native inal e aid imist also be able to compete 
-uccessfhilv with native malVs for the opportunit:: of maltii with tile 
native female ,Vis., The centuiitid release of sterile flies was designed 
! bniu about t 'e c..e in and ult imately th: eradicationl of native 
> (Qle wori tlit's ill t10 a'ea 

Livestock in Pu rlo Rico is made u of the following species listed 
in Table 1. 

TABLE I 	 The scrrww'rmi host Impulation of Puerto Rio
 
(1906 census).
 

Cattle 550,000 
Swine 200,000 
Horses 14,000 
Goats 10,000 
Sheep 	 500
 

Total 	 774,500 

Puerto Rico has an area of about 3.5f(Ct square miles. This 
represents about 225 domestic livestock per squarc mile, not including 
the domestic and feral cdog populations. When considering the land 
used for c-ops and the cities and tow nS, the number of animals per 
square mnii is even hi her. The climatic conditions in Ihis tropical 
area are -,nducive to screv.,worm survival. This, along with the large 
number of potential hosts (wounds) made the eradication job much 
more difficult. 
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Role of tile U.S. Air Force 
The U.S. Air Force provided support for acrial release of sterileflies for the program onl Puerto Rico and the Virgin Islands, Personnelof the U.S. Air Force Special Air Warfare Center (TAC) at Eglin AirForce Base, Florida, loLether with U.S. Air Force HTadquarters personnelbased at the Pentagon, Washington, D.C., cooperated with the U.S.Departmen t of Agriculture, he Commonwealth Government of Puertoffico, am1d the Govrnmeni.,; of the U.S. and Brit ish Virgin Islandsin the design and the planuim, of tie screwworm eradication prog'riamin Puferto Rico. The Air wasIFoCe, imterst ed il the sc rewwoI'nllIeradication pro ral bcaus(, one of he- iions ef theW Special AirWarf .re Cen tei was ite apl d ication of modern teclniques and air 

power to assi:st other (ovcrnnnt,6 in solving. problems with the properapplication of aircraft. Thi; program was similar otherto successful 
programs that the Air Force has undertaken in different countrics 
throughout the world. In July 1973, the Air Force ;ii-ou. at Ezglin AirForce Base was repla ce I wd als. ferom II C U.S. Air, Fo( Resciv,, ,wlio became re.sl)onsible for the aerial opmiation of tihe program untilthe final fly release aclivily on May 3, 1975. All Air Force participationwas eharacteriz.cd by an cxlrem,,ly .gh level of professionalcompetency and safety. Without Air Force cooperation. this successful 
program would not have been a rcality. 

Strains of flies 

In June 1971, the program in Puerto Rico theand surroundingIslands was in;" ited, using a "Mexican strain" of fly being producedat the Miss! it, '1 :ms oh.n' semi-solidrn a diet which includednutria. In SeplniNe,. 1972, rc ,sed flies were chan ged to a mixtureof a "Te.xas ,;train" ;'.ij a -' "rto Rican strain' During 1973, these
two strains varied in quantity, but the Puerto Rican strain 
 was onlyreleased on the island of Vieques in January 197-1. At that time, thePuerto Rican vasst rain discontinuel and the "Tex-lMex strain" wasused only until relaced with the "FF-8 strain" in February 1974.The "Tex Mex strain" was develope~d with flics collected from Mexicoand the Unitecd States. The "FF-i strain" was developed from later fieldcollections. It should be noted that sTrewworms were eradicated fromthe Britih and American Virgin Islands and the island of Culebra whilethe Mexican strain was used. Flies on the island of Vieques andperhaps Mona were eradicated while the Puerto Rican strain wasbeing used. The western portion of Puerto Rico was freed of screwwormswith a mixture of the Tex-Mex and Puerto Rican strains. 
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Sterile fly release operathos 

Sterile screwworill flies wore produced at the sterile screwworin fly 
production p1ant located at Mission, Texas, and operated by the 
Veterinary Services of the Animal and Plant Health Inspection Service. 

Beg inning in June 1971. the irradiated pupnee w\'LIe )ak,,d in trays 
and racks contained in large caLy'ormen lle] ham!ibC'r chilled at 45a lll 
to 55 F and shippcd via C-123 abinra t operated by the U.S. Air 
Force. The flights fWm Mission to Prenu'; AiN FMren Bnaso. at the 
northwest corncr of Puerto r7i0., tak 14 to 1(6 1our:;, excluding; slops 
for fuel anid ere, changes. Pupa, .:',, packaged At Ramin' Air Foree 
Base and hold until adult flies cinerz.l! and wer'e disuers!d by 
small, gintle engine U-i0 aircraft. The pa.yload was relatively small 
about 150 boxes per s:r'li. For most of his p:' iod, 2.5 mil:ion puae 
were shipped on a weekly i ris.: quatitv was inc.l'ased to 5 
million in Septmbe 197"2 and to b further increas'ed io about 15 
million in Febriu ry 197i. Durin ': the mc v.'h ;n mi1lion pilaepv' 2.5 
were beinga i. v, ,t . , ficm the Uniteid 

States andl V i , 1he . .on. Pu!to Rican 
Con nontealt. i :i f Cu '., 'V . 26 mile.. ,):'f the eastern 
coast of the .'- -' n . A*\ i ' lit i : h iW', d. Vi . nine 
mils off he .. r''' . m, r9- JC.v 43. During 
some periods. up , ' ,' W- ca"' rM.q9'Wv. rt di.tributed 

over Vit-ques. , .aK -not 45 nib Or 1.0, f 11I w qe.-V coast. 
was al-o r ! 0 i''.:f :a''' n. , hr, e o be 

eradicated from ... - ' T Rit,.O I Iiulh' first- Cul' i,f ,- . 

28 months of the prociram. 

Starting in July 1973, the transport. aircraft C-123 was replaced by 
the faster and longer rang_,d C 130 aircraft and sterile, already boxed 
pupae were shilpped to Puerto Rico. Pupae were selected so that only 
a few flies emerged on the 6' hour direct flight to Roosevelt Roads 
Naval Base in eastern Puerto Rico. This fliht wan usually made on 
Friday of each week. The aircraft was pYe.%SnizeC to 5,000 feet and 
the flies held in temperature ccntrold condition,; to preserve fly 
quality during transport.tion. 

Upon arrival at the distribution rentcr, the disoersal boxes were 
laced in a modu_-r air-condition ed chaini maintained initial;V at 

78-80 F. When 90 perent emergence had occurred, the temperature 
was lowered to G5.68 F. Distribution of 1hese flies commenced e.arly 
the following morning. Two C-7A craft, each loaded wilh about 3.5 
million flies per sortie, distributed flies on the predetermined flight 
lanes and on special areas as directed. Any flies remaining were held 
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at 60-65" F, until released. They were released later in tl,2 day or on 
subsequent days. 

Careful examination of the conditiou of the flies wavs conducted 
at each stage of this operation. Since July 1973, fly qual] y improved
with a hig,,-r 1ercentat,.e of eclos~on and an apparent increase in
longeviy. Qua ity conliro! test:; were made routinely to monitor fly
quality. During nonft of 1971, 14.5 million sterile flies pel week were
rrI'lea:-,d over Puerlo Rico and Vieques. Abou t 10.5 mili flies were 
drlqm d on th- Isai,,, re-ulting in a rleae rac of slight:'' more than
3010 striil flies pyr sq(iire mile. Th? island wa." Iranseeted 
lonsi Wcdinally by 16 lane, two miles apart. These lanes .,,ere bisected 
every other week. Special drops over outbreak areas :'equired an 
addilional 3.5 to 4 millon flivs per week. Ground releas ,5were also
made in canyons anl at the bases of mountains in order to insure
that sterie flies rtached these areas. Air Force personnel developed 
sperial fly rclease equipment to insure that the require( numbers ofsterile flic s were released infeSA.e area...over Thi:s ecuipment included 
an ect ronic counter which counted each box of sterile flies released 
ni cI reuisl'ered Illess n il l)fcrs crk! t of soillthe th. C-7 thIat t]i
 
1ilot knew exactly how winny boxe'; had ee. r.,ao;ed a! any time.
 

During tle proy rain, slerihe fli:, were relased over Purto R ico,

Vieques, and the Virgin Islands a ; inclicated in Table 2. 

TABLE 2 , I erile fly release dates and quantities. 

I)ae 
 Flies released 
.June December. 1971 77,600,000
 
January - Dev'mber, 1972 180,860,000
 
January - December. 1973 
 701,440,700
 
January - December, 1974 722,400,000
 
January- Aril, 1975 
 169,003,000 

Screwworlt'detection effort 

There %vasno efficient lure to attract screwworm flies into fly traps.
To date, tlIe best such aftractant available was decomposed liver,
and it attracted only the fema'e screwworm fly. This lure was not 
speei ric for scrc,,wwrn flies in that it attracted scveral hundredordinary blo\vllie., for every serewworin fly cauiht. This made
identifying trapped flies a laborious task. Likewise, ther- was no 
efficient way to measure the wild populations of screwworms nor the
behavior and efficiency of the released fles in the field. The best 
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tp'actical method to measure pongrarn Officiency VaS tihe 111t1bcT of 
laboratorl confirmed scrxvwvorn cases. 1 ports (icass untaccompanied 
by larvai sainpio ii 'otn t ho wOunds were not given full crdence. Oily 
111se caS- re)o1:s of mvw s accompan""'d I"y 'pCei1tl n ere 

wh (oiisidecO . ;t; r1T OF1I I. 11L'ui(1011CC. CtIWWOill 
incidenc,, i:"s:hown in Table 3. Al luast 75 pyrent of the svrewwornl 
samples in 197. v.re collected by PiTrtLo ican or United States 
lvestock rcguliatry perso)nncl. The remainder were obtaincd by 
OW!i'IS U,' IhCir 'pi0',2 

TABLE 3 ( oanfirme :,trewwo'm s'Cmplhs includin- ferlile 

1971 1.33 W 13 
1972 2 ,0 2 16 
1973 1 A 03 () 0 
1974 16 S 0 0 
1975 0 0 0 

The last ca-e of scnvwworms in Puerto Pico wa; .eprrted on Novem
ber 5, 1974. A the Ior'amn ....... the rep rting of non 
Screww1'm saw.l.- wvas .used to evaluate Ilhe ifficicrncy of the 
scr,.vwom case dutrc-tion system in Puerto Rico. In the jirst six 
mionths of 1975 there ;ere no screwwo'm cases rep~rted at there 
were 15 l.L'borator%-confirred non .screwworm cases. Continued 
vi"ianc , has failo.u to reveal evidence of any additional screwworm 
rmns in Puerto ,co. 

There were thre.? major problWems facing the jxrogan during the 
first two years of fly release. These problems involved fly qtluity, 
ground support activitie., and public information. 

The first problem involved delivering good quality sterile flies 
for release over Pucrto Rico. Appaently, the logistic diffi.uelties 
involved in hauling the flies from Misdo, Tems t Puerto Ric hi 
a non-pressurized and non-air conditioned, slow-flying aircraft of 
limited range was damaging to the pupae. Accumulation of heat 
generated by their own met abolism probably caused the most serious 
damage. This was further compounded by the fact that the flies had 
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to be packaged in Puerto Rico and stored up to 10 days priorrelease. A small, single enine 
to 

U-10 aircraft (iIelio-Courier) furtlher
delayed release, Laboratoioy sAtnonedtests decreases in ongevity of
adill l;ie: cor . ,ondti ,,b) inP!ia(1 holding.iii,
5c ini lim( ill th I1 upalstage. Dclay, Ilri,)' to rhub i, b .io . 110,, weakened the flies
 
and lii iicl Ilh' ,!f ,.1 vi
 

'T'lii. p'olhellhm was : hiOt .5 in July 1973 when tie U.S. Air Forcereplaced th(. C-123 ai craft with tip, larger pressu ited C-130 as a pupae
hauling ai-craft. All released
flies aftnr thaM time were 
packaged atMissior. and Shi pped to)Pu(-rto R io b., C 130 aircraft The C .7 (CO.vi!)Ou)
nirceraft repaw,l th U i for fHy distribui,,d. Tih (1-7 was not-air

conditlioed, but- Ile 
fl :ee, i(.lh(l b'v ai, ,'irculalion, since, the 
rear of the aircraj, was r eneC in-f!ight to allow adequate ventilation.
 
I.outely. were
li-R relzasd at an altittide of 1,500 feet above the'-rram. Tle: e mea-sIreIs nabled the program to rl'- w lg-liwed
anuid unni- viy ,r tc r overirile flies 'lj"w'toRico. 

The second problem whic-li had beto soived after the first, two years ou fly release, vas to i!:j,'ov, lk  -!oound support activities ofle liog'all.This was wecomp)islied by establishing a system of
Iivest eOcV inspect iol!.s a rotundcI s(Trcwo ii-ine eu herds. Heruds
containilig infested an imals and nearby hi -s were t'prayed with a0,25 'cintt c(lu imaplh , (Co-Ru l) spray. A oial of 73374 animals 
were SPinved uring 1973 and 49255 in 197t as cornpaied to only2,987 animnals sprayed dining 1971-72 as shown in Table 4. This 
spraying Nas of inestimable value in reducing scrcvworim populationsin outbreak ar,'.s am. proved to be a valuable adjuvant to the sterile
 
miale tcchniqlcu.
 

Livestock inspectors eqtipped with Cap-Chur guns immoblized those

animals whit-h weCe sUsIketcd of having screwvorn infestations. Any
wonzds found vere trcacd withI insectici]. smears. Navels of new.
 

TAB1L1E -4 Livestoh, s prayed with (Oillillaplios illtheI str'ewworl-1 
eradication jrigr. i, 'lelrtO lic), 

War Nto. of cattle :pr'a~ed 

1971 o
 
1972 
 2987
 
1973 
 73374 
1974 49,255 
1975 11.300 (thru June) 
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born calves were alo treated in this maner. On Vicqucs, 194 animals 
i.11973 were immnohilized with Cap-Chur guns and treated for 

Epideiiiolwv 

Epideioxieo. ilinvest igat ion !,ixvcd an inipoit cint role in lie eradica
ion of sr. ,worms fomn Put ro ,ico and the Virin Islands. After the 

first year of stCrilh foy Memo1 the iimid w re still infested with screw-

WO'IIS. Enioin-nlo m' ,iJ ihe 1grogm beganli"ns mot 
o ;uspeet tha . . b;o!h .1 "e. mw, f~ltl: f icin an 

"bt.)cll am'c O f I Omil \ Ig , 2 ,-id :Jn(,: no, have tocT( I v ilui> 2 didl 
move far to iY!,nA. "O r . . lnc.t ; of h , I"-X'ilh in!all aleas 

1' 1o\.:!3 0 n fnarof PurI_ i,Rico Cv .aIi 1 l' p] , food the 

ad ' !::.TLi Ili*n.- t1a 1h ' m, Thnt 225 head of 

live c.¢ , tIA' 'nile. o v,:hicli h J , 'V 'tracti' to s eOev

worm _"', fc-"'ificd Wle Mv tha, illk. did not miat' an lar inPuierto 

Rico as t hey did in hmutl T ,n .TO, 1thMOY !hM h mcv-proven. 
made io ,,ra U de ' it)fi. anid',. 'ic 1 1iem I Vc .- Itomake 
sure that steri e flies wer relea.d . 1 aH -;i th island, 
ineludin, Iite most iniac essible canyons and momoutains on the island. 

Epidemiolog'ica! field ,cludies often reveal.r, that pacl:s of xtray dogs 
were causinghl' whose waunds huin ,d perpucuate screwworm 

polu)uation: .Do gtere a1-0,und galb, dUrmps it searh ol food. 
They were ellinnteI by a human d: p)ullation :)ro,neram before 
screwv'orrs we, P altv cI'adieat Ud ( sin hlcanse, in a horse, wAch 
went undA cod and unt reat ed for several weeks, helped to prolong 
the infrstations iii n. parte ."the island). 

The onlv ODapdA01 icgulargy tc.rhnique hat was not used in the 
Puerto ico ptinra a was Hip rest ricfion of animal movement from 
quarantined o~alaise

'The third no1,i-t-;aitoImotivating the livestock owners to 
cooperate with the Iramm by insc ting their liXestock and sending 
in larval samples. Tills was soh;ed in great meaaure by the Extension 
Service in Puerto Rico. Midway in the program, oi ficlals requested 
that tM_ E_xteio n Strvic ake charge of the public information 
activities. Pulo informatii professiona!s of both that service and 
APHIS quickly increased use of the new, media with novel ideas, such 
as giving a US. S25 reward foe tie last sample :,ubmitted during 
the program. This accelerated information program was largely 
responsible for improved producer cooperation during the final two 
years of the program. 

106 



Another problem was the -raclication of serewworms from Vieques.
This ioarb island was 20 miles ]ong and two to three miles w\ide 
Wit a land area of 52 squate miles. It had a population of about
7,000 people. There wete more than 20,000 heat of livestock on the
island. A large portion w' i.w i;land consisted of a restricted area used 
by the U.S. Navy or ilitary taining. A ignificant m'mbr oflivestock would \YmIi (icr into the restricted area, where they were 
Wounidcd in uxplo;inis;tUL'u]Ci, of'of .iraplttrnrlie used in training.
These an imnmIs 'ccirc a im slant source of4 se rwv'orin infestation and,
ultinalely, had to be Founded u wllvh icap!ers for inspedAion and
treatimni. Itelio pm W're used '.uc:e of the nm.-rUs unexploded
shels in lhe sl1imj)JC1 arm which made it unsafe for personnel 
to erit.r. Afler the aninmaL; were reimoved from the impact area, the
fence surround ii,g Iin imp a't a ,.v...va rcpaired consta.,dy o prevent
livestock from rc ,.'lerinc.
 

Good cpidemiolc;ieal field motk i: a to-must" in any attempt
eradicate screwworns from a givej area. 
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Program Against the Cattle S(cewworm in Mexi(o, 

.llar((o .1ntol io I ilh/aschor 

Introduction 

In M xieo ther are mahy problems concerning animal health of
Which the more s(iuioLs are: rabies transmitte)d by chiropterous ticks,
general parasitoSiS. brulIlosis, antixtax, malignant edema, etc. A 
misleading parasitos;is is mviasis, knov'n -cresa" oras "queresa". "Worm 
ln st'st. "W-lo nd \Vol'lrl" o1 -SC reWWO 'll". 

We have all ,'it aNvOl,1V VwOU(ld in all arimal alld we also know 
that a go.ad c(whtv) a iay: carries a ])ttlc with some worm killer in 
his saddle. Iltis Ablo\\'s how acustomed we aic to this parasite.
Thi-cfore. we do no even reali.(, the ,xton t of daiange to ou' livestock 
a.Nd wildlife. 

The (etic ;CV:olt ,II.rc--livice during itsinsect parasite
adult stagec but in fcst:: animal v,,inds in the la vai phase. It belongs
to the ('o'.ulionmvai hominivorax (Coqi,.cIrel) genis and species. 

This dipteromu; f1v goes through itcomplete metamorphosis (from 
-g into larva, pupa to fly) and is an obligatory parasite during the 

second stage. Th, cvre lasts an average 21 ays under favorable 
climatir ,nditions, 

Animals aff"ted 

Only warm blooded animals are affected, i.e. bovines, equines,
"wines, caprines, porcines, some wild animals and man. 

iakhn fr't cmmlnts) ,m slidh . 

)irector ic.I A(d,the ) .\Mextcn !ri (tommision for 1t1vI'radication of tie 
alth' '. Calh ixilmitz N- 20. piso 12. (itdad t .txi1o. 
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The screwWorih lis in tropical aid subtropical areas l' Central 
-%illeli'iC O,, h . . :, CSi ' a!l; 1s'and-;, Mexico and the " u01111hen 

United States. 

'T~i ce~~ mL s~lwvc'n coliiiv ile~at Ill. is- to
 

1i l10'iI!;I' C:t11art, ild \vicdrinas mi
Ofml~cl a185 inlet1dl
 

v.auril it'uillli lik"I C-Il Cmill>L Inc. doath of a buill or 8c111't deer ill
 
sev.n davs. In C .e.i'; ICst , >I't i m inCIV'ln i,(o a
>t'1mm i. l':v (',"K 

t~ck lii . '-,ne cmin 1 c o in; n-vet. As
 
21WV \\O'w'f_] i1' i,lU.' "; !, ;. /- 8 [jl' .',I i t I" the I}V 1(1depio.it
 

Once anim8l is 51edt atIsther ., Ih- ill i be ipa ted inminedintyV 

1,) save it z lio, 'tltnoull'11 Scrle iri'( 0. I'V illeccti ln:1 also callls 
I[,11 ]! il! : -l 1]" 111l ' {' ,.I ) l ' ,, ,. (1:! !l,\Vlh )!ln d ,,"I" d ie'. !1 : 

HL, , pl l d ,' v o"< ilI '( ]i)I'v 1 l" ,v'I()n live tisSlue
 
whichi 1i.- 1,'r.., 1i ahq h a-.. i- i aul, l C',ues
whu<.!!..v. v.'idt-i
 
1111 (-I i,I rto I I -,iI a l o : ' tI i I I'A .m . 1niva- i e t I,
 

avilp ,'S('ii Vi If t. it PH1e,* et la L ci". !- flic. fol
 
,. *)Cp sitIi(-,I . In - :v :' : O 1 ].lV~ktt t',"In }1( (' c l . ld
1h'l,:l!. thlit1 

,
,VOlllld II:liV t- i - 8 L ab 1jl. : I I t' h vin. I1 It the,t r1w iiri.2 

i.sc( n _',!1 It',( I 'r - (all larvin m, ut, in a uliararteristi 
n i1)( oi!aii " . ,IC" e'ilSi:tl' (GIn xv'oi~lh the larvae fWed. 

i 

aniid Cxlr'mCs 1)i'' 5,',1jl;l 

Not O .yI J) hIlf - i : S(a . ;tnln-ia5s but al:,) dar-Ilag.e 
1 V >tt' I.'i~; air im ctim; difficult 

Io qualify in p Ii(.: H8'!nd I I -11, i.". L 1ifl-h-IOlrSto1111 locate 
cattlc, tie Ifien a -. : Iw, i.''hisa -oV killers-,:.,-at I,,, or rni 
hide dalmli-t,. t nw a y times )crmanCl I),!ininmil!nI kiil 

,secondarv diwu,,>: :J i m. t-I ;t:mimotic.. IhIIL dw(:c L ill milk 
and meat productioun, C,.li.t fl ,,'igil8PcC (n the farm and whien moving 
from other plat.<s-as'nmal '-strietions on branding, castration or 

dehorning, etc. 

PublicIhealth 

The sne'vrworm is also a renace, ior man; inhabitants of tropical 
areas are more exposed since this insect is more likely to live there. 

Probably )man .s infe-ted in early tiries; and duringv,'a.- seely 
violent, revolutionary ¢pcshs. but o tly i' few cases Iiav, bocai 
reported in the literature 

Coch liornyia horminivilrax, t!it slentifi. nall-le oi the scl(Wlwwurml, ill 

dicates that the speci(:s%was denominated homini-vorax (man devourer) 
because the tirst records we.re of human infestations;. Myiasis in cattle 
was known long befor. that f humans but the causal agent was 
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believed to .) a different ilct. In Mexico, SOc hunaii cases,(alt houghi 5atc,), art: regtiarly reported, Some have also beenreportel in the United Statf-; 

Prev(n!tion ,old 1Iatille'ill of ('.o' 
Traditii idl\ :--'W,
I ' ol 1S hha\c e lJC treated will siicombi( ,l c ticides, alid 

) e or
with S011-10 irritaling fluidsHowever, tlh.; 'roat, int, 

like creoline.
dces not eliminate pet and s:verelvi ftlaliae 1,ti 

the 
t;un i.1hus in tesItatiolls may rellltl . 

'l'lt 
 i;!,ilt c_ kc,.]llil
i ti i ,itpcd I Di. EL. .Un K riiolg in thecol S;L ,', ilhr ,,, ri a nii,'\Vvlyvotho i to cracicatethe pc.st.; v.'hich n(.mc
s Iho eu:t of iac,ctic, s ilolyh decreasingl)Cll~tiOin. !l(T !h( ' W )1% ,a
FloridLt andil 

,I .. 11i 2ibc,(C1rapao Island"..'l~s. lii' Uliii Stat Od ,.xiCo , ii a jointradicati, n.,am'il l tar d i !r h)1(1. 

Vo' t: t i/ I 9 _:,1

Ih', salm , V mii in 

a, l xi : a,l t the end ofInclud '1 ,':xieL . 1 a iorlai ilichlced the 
1'ri utlli(I'l,,i". l ' illi ,llsn rlh I, : , tilbs1);LtWl(xay-. 'W. i in1 M ission'.d 
 :.
, l. bv aii i',r a di]iI: nlecighborill,41'(0 o11il I !-!"bo d . , ,..'lx j ' \VtI'crep rtc t.To localize

suhcs.yr; H rors(CWchmAn 14; o t VIA:i~tranch~I and each~ I i n tO1,I ! rt J' 

Mwe if 1h, dil.(the ;'n *"h~1andall the so in 19635l ." t !" o. Ii'o United ili an i rtl t li. northernslates l uM \v.ire iil(a idedi ilt illspectictis -klad sterile flydist iluntils. In tIis coIt ry, It area tof eradication was;i)Droxi ):Itt.- 1.0 '. ,,kii '. \vhh aho ti sents, more or less, 50)ereent of hr Wit, Mli,, n teiitorv. To cistrioutc the flies,airl'aellcs ,cr,' 31ud and ,t6 inspeetors were eni!o _t for field)Onb tioln. lits v re luasMc fromwhih (qcl.n 
lh_ plales ii cardboard boxes.i d alt; 1 lin1e oi release. dispersing 1e sterile insects 

over all I1I,afti i t Larcha 

The 51ecr11 fi itoJlh S an : lhc.-.-,, flyScarehinV IIaI to the groun.
te . This uAiting )Imodu('., infertile eggs thusclimiinati,. tilt liol_);bilit of develo nl . '. the species. In an areawhere a HlIMelSalild wild tflics cxi.;t. 10000 200,000 or iore flies mustbe released to inclcu,, tilt, pr)bility of sterile matings. Within afew generaliis tie leirodhcli. potelet-ia1, of ite species is reducedto a miininum and if s,terile filydisrtiibution is co, tinued, final

eradication will b , pussibl, 
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Extension of the program againt the cattle screwwoIll throughout 
tile Republic of Mexico 

Because natural wi-rltionf ,ivl-y tions repeatecdly i f,st 

the 	free aic-as o1 northern Mexico and souliel United Stat es, the 
gOCeinien ts of )oth count vie; (dci(( to enlarLt'e the workJng" area 
to the whole Republic of Mexico est ablishing a new control barrier at 
Tehuantepco Isthmus to take advantage of the geographic barrier 
there. 

The 28th of Aug-ust 1972, an agreemci was ;i-,ned to eradicate 
the sCreWVorin l!roi Ih, who'e north and \vcst side of the Istihmus. 
With productio,n of only 200 million flies per week at the Mission 

plant, expansion was nccessav . A new plant was built in Tuxtla 
Gutierre7. Chiaias. willh a capacitv cf producing 300 million sterile 
flies 	 per veek. 

Elements of the prograni 

To eradicate oi compihtely exterminate this pest up to the Isthmus 
by 1976, the program will have the fo' loving elements: 

(a) 	 the plant to produce and sterilize flies: 
(b) 	 a variable number of planes to distribute the fly: 
(c, 	 220 inspectors and sulwrvisors in the field (these personnel 

are already contracted+: 
(d) 	 a total of 1,200 employees including administrators, 

investigators, epidemiologists, etc. After three or four years 
of production, a barrier of sterile flies will be established at the 
Tehualtepec Isthmus to stop migration of the insects to the 
So.th. 

The 	plant 

The plant for sterile fly production is built of concrete and steel 
and covers an area 200 by 90 meters which is the equivalent of four 
football fields. Most of the building will be compJ.etcly self-contained 
to prevent the escape of flies from Ihe interior an-t also to prevent the 
entry of other insece . It. will be air conditioned to keel) temperature 
and hunildity at screwworm requiremc nts. The plant will also have 
Cesium 137 irradiators for sexual sterilization of flies. 

The plant will be supplied with the necessary nutritional elements 
for the flies and other materials from a storehouse of 5,400 M 2 . 
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In the samc architectural complex there will be: an office and amachine shop, fire station, gas station, clectrical services, well water,etc., and two lakes for water purification by oxygenation of ,'aterwastes from the atomic plants. In total, the plant and its annexeswill occupy 33 hectares. Construction should bK' finished in 1976.The flies produced are being sent by airplanes to three distributioncenters from which tlie whole wolorkilg a ,a 5;cov(red.
 
To motivate lh:' frmer' ti(lt
Ito facjlitut1, tll(' rep)orlinlg, of cases,the program is dist ributic,ill, anl,,d collec.in. t abcs in which 

collections, of si'cl'wwoi'is (1inbe sec.
 
From these reports it, will bs:,po::sihl,, to establish 
 areas with abigger infes,;talion rate: the stationarv sequcnucs ind fly distribution zones will also be determined. In the collecting tubes. envelopes withinsccticid, 4072 will be( give to the f-rmer., with which thecv can 

prevent and clire the infested woull(t. 
Through this program it has been ijroxed that the two countries can and must refine their eff'ort:; to fight plagues which do not respect

political barriers, anid in this way, prevent the waste of animal protein
in a world starting its fi,-ht against starvation. 
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Summary of Discuissions of Papers Presented by: 

Donald JTilliams 
.lJr10o Anttonio I'illhselior 

Dr Richard Bawden (FAO, Uruguay) asked what technique was 
used !.) measure the screwworm fly overwintering line. Dr. Donald 
Williamas (USA) stated that in the United States the measurements 
were carried jut by a specialist who interviewed people conected with 
cattle production. In win tL,n on t hs the -'(cen taeges of cattle infested 
by screwWvorms wert, studied. 

Dr. JoaIn Gonzalez (3-razil) asked if there were infoirmalion about 
the presence of blow fCi(., i.e. Ilies, other than the screwworm fly.
Dr. Donald Williams (USA) stated that information was used from 
farmers about other types of flies. Dr. Marco Anionio Villasefior (Mex
ico) noted that their interest is only in the screwworm fly. Although
secondary flie., feed on dead tissue, they ar, not considred important
since they do not cause cleaths, except in birds. 

Dr. Macelo Rojas (Peru) asked Dr. Villasefior what will the 
screwworm eradication program in Mexic ) cost and hlo\v long it would
continue. Ie stated that the cost might correspond to 1 6 or 1 7 of 
the maintenance cosl of the barrier with the United States since 
the eradication prngrani for the srewworIn must be permanent.
 

Dr. Wiiliams stated that lh cost 
 of the screwworm eradication 
program (which cost US $ 20 million per year) in the southwest UnitedStates during a period of 17 months, has risen to US $11 million. A great
investment has been made since 1962. including some allowances for
Mexico. nvo funds have been operating (one for the United States 
and one for Mexico) and the cost-benefit ratio was good. 
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Dr. Williams also added that according to the information given 
by the farmers tlhcre is a loss of US $62 due to annual infestation 
(1 2 drugs, 1 3 others). The total cases (1 or 2 million, for example) 
would be multiplisd by the individual cost. 

Dr. Villasenor, not,d that initially, the studies on the losses caused 
by thU scrOwworm were very subjective. In 1962. the losses amounted 
to CMex.) 350 million pSos. The contribution of the United States 
Land Mexico to the racti ation program has been lroportional to the 

losses in each country. Ile t honueh! that tihe invcstment would be 
amortized in two years. 

Dr. Ronald Smith (Illinois University. Mexico) indicat,'d that 

there have been some problems in the mlaintenance of te Ily colony 

isterilization, male competitiveness in the field). He cwndered if malcs 

from the field should be introduced into laboratory colonies. Dr. 

Villasefior stated that he did not know of any problem inherent to 
the fly lines. One sole genetic line could. through many generations. 

create a fly with genetic defects. Such defects wold debilitate it in 
the environment, i.e. blindness, short flight, etc. One or ter, 

unfavorable factors could be introduced into the fly lines, at the plant 
in Texas or the one in Mexico, but there is adequate protection against 
such failures. 
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Ecology and Control of DERMATOBIA HOMINIS 

in Colombia 

Gtuillerno Mateus * 

The 	presence of the larval stage of Dermatobia hominis under the 
skin 	 of domestic animals and man constitutes one of the major 
problems caused by arthropods in tropical Latin America. The 
problems this parasite causes in cattle are summarized as iollows: 

(1) 	 Retardation in calf growth and predisposition to other 
diseases such a<: omphalitis, myiasis, wounds and death 
(although only in lirectly). 

(2) 	 Sow daily weight gain: ti parasitized males gain between 
9 and 1-t )ercent less than those not parasitized.

(3) 	 Low milk production: if the l)ermatobia infested cows are 
treated, milk l)roduction wil rise 18 to 25 per'cent or more. 

(4) 	 Partial or to ,al hide damage.
(5) 	 Acclimatization is difficult for selected breeds. 
(6) 	 Commercial value of the animal is lessened by its poor 

physical shape aiid a!)pearance. 

In humans this parasite can cause wounds, deformities, even 
blindness. 

Economic losses caused by Dermatolia in Colombia are calculated 
to be 960 million pesos or US $ 31 million per year. Annually in Latin 
America, these losses exceed US $ 260 million. 

• 	 National Director of the Parasitology and Entomology Programs ICA-LIMV, 
Apartado A:rco 297,13. logota. D.E. Colomlia. 

117 



On the American continent, Dermnatobia hominis is found from 
the Tehuantlpec 1stlhinus in southern Mexico through all of Central 
America, zoioe Caribbeain islands suoh as Trinidad and Tobago and 
all the Sout h Am ,rioan countries. 

I)ernmatobia affects m:1inl ,vines but it c.n ,'so affect dogs, pigs, 

chickens. hors ,,s, imncs, deor. ath er wild animals and man. The 

experiences dse,riled here rlciatte alinost cxc.usivelv to the bovine. 

The parasitic si ae of Derniatohia is known in every country with 
a different common reional name Here ,',some of th..em: 

Nucle in Colombia
 
Moyocuil in Mexico.
 
Colnmovote in Guatemala
 
Torsalo in Nicaragua.
 

Berne in Brazil. 

Mil'tinta in Peru
 
ltiia illArgcntina and Paraguay.
 
lBorro in Bolivia.
 
Gtisano de zancudo in Venezuela. 

The parasitc exists on'y il.tropical Latin America and the human 
cases rel'ortec! in North America have been acquired in tile Latin 
American tropics. 

To identify the parasite" and avoid mistakes, Dermatobia is 
classified as follows: 

Class Insect
 
Order Diptera 
Family Oestridae 
Sul-family Dermatobinae 
Genus Dernmatobia 
Specie hominis 

In Colombia, Dermatobia is found distributed between 160-2,000 
msl. The major incidence cecurs in ihi. gc,ographic area known as 
the "coffee zone" which is found between 600-1.000 nrisl. In this zone, 
some conditions such ,s tempe.-rature, humidity, rainfall and the 
sandy texture of the oi' favor he development of tile The;c parasite. 
average temperat tre for l)ermatobia is jetweu.n 18 and 2,) C. 

The life cycle of the Dermatobia may be summarized as follows: 
Egg 6-15 days Caboratory conditions include the hatching stage 
which lasts 4-6 days). 

118 



Larva (parasitic stage) 39 50 lays.
 
Pre-pupc 18-2" hours.
 
Pupa 32-43 day.s (in the field).
 
Adult 1 9 days (laboratory conditions). 

The most irnpoi'tant biological phenomenon in the Dermatobia 
life cycle is that, it do, , nol d:t)osit ils eggs directly on the host. 
It. uses arhropod a c chaioical vce tors which transport the eggs 
during the hat chiU I and theS; I,,O ,, teiy carry deposit larvae 
on animals. 

In the field, tie . lay 11._ir eggs on ae ie arthropod.. such as 
mosquitos and flies of sAc" diver'se genera and species as: 

Mansonia sp.
 
31ansoniia lynehi
 
Aedes serratms
 
Culex sp.
 
Psorophora Cingu lata
 
Anopheles holiviensis
 
Sarcopronitisca arcuata
 
Stolno ys vah'ilralls
 

Liperosia iritalis 
Criptohu, ,lia sp.
 
Orthelih prima.
 

In the field. the tieorv that DeIrInatobia deposits its eggs OI i iants, 
or directly on ani...al:; do,'s not appear to be true, but under laboratory 
conditions the situnation can be clifferenl 

The hatching srage last's fonr to six (dlys.Whit. e- s show they 
have been recently depiesitcd on a eetr: as they matur.,, they become 
a brownish color t-wrtened if the e..s. have been laid onThis priod i.,, 
a live xci tor tI: higlier the Itemporatune, lie shmter the hatching 
time. The tvpe of vector is also : tat ed to he hatching period; those 
vectors with long flight ranges offer a greater chance for a short hatching 
period than those with slow and shorter flight ranges. When the 
hatching period is short there oCe more possihi!ities for the larvae to 
reach their hosts. 

The number of eggs which will adhere to the vector's Ahdomen 
depends upon its size. Generally, mosquitos can carry 6-10 eggs; big 
flies between 40 and 60 eggs. 

The floating population of Dermatobia (on vectors) calculated both 
in the percentage of vcctors and the size of their loads car serve to 
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evaluatt not onv e, effCctivCness of a coIt rol Iro_',Ira!Il buIt also the 
potential danger for livestock in a particular This can also',t*.<,a.datla 
lead to inwsli ,at i to fi, v i! withinj a .\lyn , I a,I)erilu tdhiaarc:i 

life Cvc:ce taksel ac. en a1nimals thli iht.ii 'vincs. 

The site in \vii , iarva,,, : n n:iii>- h allaids li t o1itile 
carrier' habits tWan hc hro ti-ns Ivo:IC'1 'thchh, IWr :ICkillg) 
vecto:s slav on vomiad.; or ulCic.. 1 : ' Iv IhliVV have'.Iiir t'a-

the oDihtrt iitv ,: it 010 1iit ie Ii :. Ti'.. to 
 K ,ot, til land 
on ay- pat of tin an"! r ti, .arva'. 

Dal-k ol.itd Co7,'.!:. }:",'1I01 ai'',i].ii 1101 of " VaeC t lan 
those with - I co:oy, hnIIIh .t> well dt'fiud while and 
blac: spots IM Th 1 Atlsi l)rrzii:,tohia inlfcstatinis arw rater in 
the darhlCr pIe- of h". hide. if "he hair of :-omnldltcly white animal 
is dyed with snc,,ial tints nub lar1hvaO beeci1i fl'(I'I" in thethe Of .


dark p ,Ic,!.:: LII,. 2I trolld t,.sts. the pro ))rtaiol w,
, ti-
3 29. 

Il bovine hcrd- it is more cormon to find the larvae on nales 
than on ferralos (this is relatcl to the hand in. of anil:als on tho 
farm i. 

The aiount i lar-ac on the bovine ( )c:lds on t llPbrted. color and 
age of the ani-nal and %!>so on the ty!pc 1i CrincinanA vectors iu the 
area. The deg'ce of -sua:1011)litv of the different bviPe breeds can be 
classhicd as f : -b. vu.v r itan.: Wxiuco Or iinoar, (BON)
sliglit lv - e. i " ' C -I(.!-o c %iPlO,-ery L"e and,I -toist, ill, uscep 
and Brown Si- h su,. ceptibe. 

The numb.r of lermatol)ia also depends on the cloanlincss of 

pastures. wh-,nq the.-ose w' .fr'-- of bthosis fowr ]al"vac van be lind 
onl the cattle. Prohitriy to forests and Ashie aliso ii arrease; thr 
amount of laivae. Thr rainy seasnoq also inc!(it 05 Ilt' nibiilIet(l of 
lar-ae. Alihouh. th-- dry. , on rtens ightly th, i)lJal .. . • state , it 
isnot favorabie r adlt D,"riatobia. Durini, this . -ason, the ad alt fly 
seldom goes in ci: an n u'ii buti r,, ains in the ±orl:. 

Derniatbia larvaa in Ihe larval sta- l. d-r th, aninial's skil do 
not. eniratp . !,Jpri-(.ionce of two. thr(,, Hr m0., Ilayarvinside tihe 
same larval sack is dun to their proximilt. (Tiw initial larval sacks 
stdck to co:w,ii alsi t r w,i hi.,. hvaoL nYiij' larvae (i.ftige 
together throurh tPh ai- lC.-espiltlal-v hole.) 

During tle larval stage vhich last, 19-50 Cwys iil bovines, the 
parasite undergocs tha,e iffernt phases. In the first stages the 
larvae are very dynamic and active, growing fast, eating more and 
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causing great pain. By the third phase the parasite is quiet, cats lessand causes fewer p)rol)lerns for the animal. When the larva reachesits maximnu deveOment and prepar.s letaveto the animal, therespiratory Inl, iswidned il larvae]looks coverinf, ils hod, J1)2'1, 
tlie 

pr,,fcr 
crawls ouL helped by roundto ],I,., tll,,b!)%int. ('a l in 

tile illh lilg' , tellp.).; lcati.cs' tlio teinlai)d'I i.; lOv't] ur1 ihei arcfewer (ln li, s ii;tire pr- i.li)a 5t)ep ii.:,i t r w l li " 
ill 'i.The 
 h,<1tho larvaleaves Illie Im.a11 m aold I ,h 11,1f,. ' TVt 1,.it VJi1! tirCh foQr

an11 adequll e \pl ,i ;vil 'I.llop i ',,I
 

The prt-jc)iijs In iiv (
i crii(ia lor 1 'riiattidia in at thisstage t iail nilw uitl thI ' 1' , c lli i! Wti liA1 e ... on .hes,
enlemi(es an.: the , i I 11n (Sp!Irotrichunm "chenkii): a fly(Iltgazelim s2(lai.) . [ irit>1(-i i nd bi i(" o()Iprey.These , t, ; hle lot 1 s.It i ] in l(taii aO;p<w.sib!, 9."i~ti .Sfor bioloical ctntl l c) F)rm atobia. ft is tlaea1. beti that 
investigated
 

After the t rc pul i :A2 O 
 11c jqitit ,,titics:l the spupation stage,which lakr-s'~ hunt abl :ix likml:,.; under the soil surface V.heieit find:; lh( pri;T ti. rat ,t liri] humiditv (lo-e sandyor soils 
ale nio1'1 ft\orit], h t luf I.hnV clayi.,h ones). The pupal stagelasts 32-12 dy, i a sI il-Ihtlv hSiiti t empewra ture shortens this
period. Aln rxli'tno d(['i/l s Irddht j.: O ptpl 

The aoft ;t of !)rio'lthlitti.( I Vr ,iied u1tinder labor'atorv

Conditions hi t rc 111tillVyII l !itiV : -uu so i s of its life nd1lir fieldConditions. T. ltt !Iv i> n1t artier. it spoteri long periods resting
and it is very dliCut t( lteiT the state. Changes in light andIe piartlrc (k)al ti) a ifu V(, adultllf-it flies little and
 
mefs to in
l'noin hiver restrittl alas.

F em ale ..he.ill h i "I ] o r ll ,r ig, ann'lIland copu latem'r.,-' 


for several iniitt.s with ont ci' lmlc iniaLo.s. To lay e,,s, the femaleprefers live vecti.q. E lavi,ig is mitiated several days after 
copillatioln. 

The adtlts (1) n0 "0 illLo lie oo cn uields, prefeTriag to remainclose to the forests and bushes. Tlhv Iare soennever in pairs and onlythe fermales make (tlact with ilh b-,vins. In the fiold. 3 4 ofithe 
flies are females. 

Dermatolia colnt ol btuM i possible \vith Onirh ail' ,,oftho organic
phosphate compounds with systernic achtion and their useindispensable. With them, it is possible It)iainl ain the I)ermatobia

is 

poplulation low enough to try other ieelindques, such as biological 
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control through male sterilization or the use of some biological agent 
such as bacteria, fungi or flies. 

The effectiveness f a control program for DerMnatohi can be 
easily dluc'nsoti"atCd one ciacoses an area which is protected with 
natural barlAis1' us. hidgh mountain ranges, rivers, areas free from 
bovines f,' as''s) - vin wil h Der laohin ls'1rV' art, n1 allowed 
to enter. 

Te larval staye is th msl ,ilnerable of tli (Witre life cycle. 
Thce' acl h iia ,da ni the. nrl.'t vhich are hilvlhy ( ffective 
and n-)dee2'.tc h i: ' to1,*u e . vshich c.tn Pill s \Cal larvae in olle 
treatment. PYieA! l!'. cvs c.iditi,)n a popiulat.,on oi larvae of 
the e ago, am! mdA gro,, ,: .,lihiliuv.y- Then boWvine handling 
for trearm(,nt i.. r',Itivelh fois . 

TI -stc q ,5 ' 1 L Y an cxli 'tedsx-riup. iIntSStlll 
WVithi the I. 2Inanual Cxtlaction) )r with nichnliCal devices 
occupies time and is very painful f thel animal Furthurnaore, with 
this method, the lavae drop to the grouno. Those ready to pupate 

then burow intu. the ground if no measures are taken to destroy 

them. 

A control otograni of Iermatubia nust take into account the 
following sleps 

(1) A study of the larval period (minimum and naximumn time). 
(2) Mas.sive cmpaign of rural education. 
(3) identificatin-, of carriers. 
(4) Prothction o .nia and man against insccl vector-. 
(5) Use of a phtonshate pr-duct of well known effectiveness 

against the larvae. 
(6) One undrcd pec:ent tr(atmnt of bovines two or throe times 

successively% with an interval equal ta 90 p:oreent of the 

minimum larval period. Time of Lvine t rea (m at must not 
exceed 10 percent of thr minimum larval period. 

(7 Periodic examinations of bovine., with a frequency interval 
equal to 10 percent of the minimal larval period. This 
examination must be reptaed six times successively. 

(8) Individual treatrent of rach i)arasitic animal from periodic 

examinations. 
(9) Individual treatment of bovines entering the control zone. 

(10) Milk cows in production and animals going to slaughter 
must be cleaned of larvae by manual extraction and these 
larvae incinerated. 
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(11) Evaluation of the larval population using dark colored orblank sentinel bovines. This evaluation can also be
accomplished through vector colections.(12) Examination of other domestic and wild animal species
to eliminate thw pre'enc, of Ilhe parasite.(13) To demand at supermarkcets anrd fairs, animals that are free 
of larvae. 

(14) To impedle Hie lran.s-)ol a if f t)5I§tS1 i ij, animals. 
(15) To establish sanitary 1)poss whcre the parasitized animals canbe treated, as lon.g a tlhe'v are not destined for the slaughter

house.
(16) To encourage, calh, Owneris to maintain their animals free of 

I)ermatobia larvae. 
(17) To have pasture:; free of bushes(18) To select within each breed lines resistant to Derniatobia. 

123
 





Comparative Expcricinces with DERMATOBIA 

in Latin .'\merica. 

A..ntonio D' Alessandro** 

"I am convinced," said Dr. D' Alessandro, -that there are no validlimits between human and animal doctors; on the contrary, the
experiences of one are tjsefui and interesting for the other.'
 

Dr. D' Alessandro presented thel-. of
subject Derinatobia homiuis
from a mcdical point of view. He stated that there are tlbree basic 
types or mviases: 

(a) Accidental: produced by fly larvae which contamimate byingestion o1 penetration of the gastrointestinal or urinary tract.
(b) Semispecific: oviposition or larvaposition in tissues, stimulated 

by bad odors from infested wounds or pustules. (They are not 
obligate parasites.)

(c) Specific: provocated by larvae of obligate parasites, such as:
Cochlyonia lolifiivo-ax, Itypoderma bovis, Oestrus ovis and D. 
hoiniis. among others. 

Larvae penetrate the body through the healthy skin. their presencecausing a fI'Iunculoid lesion which has a respiratory orifice. Among
all the treatments used in humans, we have several drugs which kill 
or anesthetize larvae; tobacco, pig's oil chloroform and ammonia. 

Dr. D'Alessandro related the cases in which he was an active
participant. He had extracted eight Dermatobia larvae from an Ar

Suirn:a", of '1 lrsS prsnlzhd as iai formal papi'- was rtecki l. 

Associatv lirvclor. ICMl of "l'ulan- t'i o'sit' . in Colomlbia. 
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,,niitinian man whom no one' belie,,cl when he said he had worms 
under his; skin. The othler c, had Ih, do with the child of a local 
(OUi)1e. TID1' Child \Vllt to the United St Us: wiloe iltli probleill was 
identified, but vii hout a (ii f iiitt' WiT2illwiO 1 ' hild was at lr holU2lit' ) 

back to Cali whl re a to i ,w 1)ermatobia was extrvacied from his leg. 

Slides were shown ofwo eases 1tor i! !lih, I), pai t mntal 
Hospital (VA1.e)--one a girt witr 1)'niatohia larva in hr eyelids and 
a second--a mail with a elhiratohia larva il his o.nis. 
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Summary of Discussions of Papers by: 

,uillr1) o latl(sAtntonio 1)" ..1less,,tndro 

Dr. Marcelo Rojas (Peru) asked when the bei,efits obtained withthe Control or the DermalolIa hominis larvac were analyzed, was thevariant consid:rcd wij %elwas introduced by the effect of the systemic
product used on the gastroin testinal
(Colombia) replied 

nema 1odes. Dr. Guillermo -Mateistihat the cost of the treatment per animal of 300kilograms is USS0.25: the cost of three treatments is USS0.75.Therefore. t iC cost i; ow compared I0 the incrcase in production. Theeffect of these I eI tts on Iqas troin test ina! lparasites was notconsidered bt, in ammals of more t han threc years of agegastrointestinl parisitislm is not a aig problem.
 
Dr. Rojas als,1 inquired if the 
 cxpl: riMCIIal pattern uAd could beexplained. Dr. Alat tlu stated that onC Si:0(11(d not speak of anexperimental pai,rn ut )f a plaimed treatment since this was acontrol program. The frequncy with which the three treatments arecarried out is given by the formula already explained. The timebetween treatments should be less than the minimum larval stage.After three consecutive treatments, surveys should be made with the 

same frequency. 
Dr Rojas inquired if the dosis used was always the same or weredifferent dose.; of the product tried. Dr Mateus stated that the dosiswas 60 cc of A mixture consisting of one parl Ruelene (crufomate) tonine parts water fur every 100 kilos of weight. The inspections every 35days served to detect carriers, even if they had a small load. Some use

Neguvon (dipterex) applied directly on the wounds which would be lessexpensive. 
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,Dr. Ivan Londoflo (Colombia) commented that in a period of 1 
years at the ParasitologN Department of the Faculty of Medicine at 
the Universidad do Antioquia. Medellin. 11 cascs of myiasis have been 
presented. All the patients were men and professionals. Most of them 
worked in the tield. A lpro.s patient had na,.;a, myiasis with 
perforation of the now ri C du I ('Cchliomyl, The ,iological a-teii 
of leprosy ass:cia.!ted the I r'ae even in tlheir iltr rnalwas Lv"iIL 

structures.
 

He asked if he rcwr i llatc ioll ht \lwoell l.arv'le and the 
etiological a(,ent ,i rosv. Antonlio 1' A essa indro that hisNc Dr noted 
comment abotit Se!t io(Tna P redVc to the niviasis wound hein 
contaminated with itccria r)iodiucing S,'pticemia. Bllut the larvae 
producing mviis 00 not be directlv related to tihe, etiological agent 
o Ieprosy-. 

Dr. Roger Drurnmiond (USA stated Iha! Dr. Mat Us talked about 
lines of ,'attle resistant to D. hominis and requested some comments 
related to cattl:, deveiopin- resistance witi ae, Aiicli would lead to 
the probabilities of using immunoloical control proeesses. Dr. Ma!eus 
replied that in 1h, field, middle ape adu!ts are more commonly affected 
than calves. In Blanco Orejine gro eattlc there are lines which are less 
susceptible. 

Dr. 0. 11. Graiam (USA) stated that Dr. Mrteus mentioned other 
possibilities for control irelease of sterile males, etc.). However, 
Dr. Gonzalo Luqu.: (Clombia) noted that there are great limitations 
confronting cultivation of larvae for experimentation in Bogota soil. 
It is easier to do in areas whlere 1. huminis exists. 

Dr. Helio Espinola (Brazil) stated that Brazil horses arein not 
infested with D. hominis, and inquired if this happened in Colombia. 
Dr. Mateus noted that only on rare occasions does one find a horse 
infested with one or two larvae. In general, I). hominis is not a 
problem with horses. 

Dr. Luque inquired about simultaneous control of 1). hominis and 
ticks. Dr. Matus explained that in Brazil they are treated 
simultaneously with a mixture of Asuntol (coumaphos) and Neguvon
(dipterex). In Colombia, they are a'so treated with this mixture; 
then an application of As;untul alon-, and finally they are treated 
with the mixture again. 

Dr. Luque asked about the use of irradiated larvae for I)ermatobia 
control. Dr. Graham replied that ten years agTo some ,vork was done 
in Honduras of which four or five papers were published. Pupae were 
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sterilized by irradiating, them when OIhey rEached 80 percent of
development. The dosis used was 5,000 rads and radiation did notaffccl, the longevily or 1he aclivitv of lhr adult. Therefore, sterilization 
appcar:; Itmsiilc in t h 2 laboratcry. T!w roh em is t he capability of 
the fcmal't,,; to mul)ip curinlaiively. 

Dr. Mat us imjL ird if Cu.olomblia would U .i :-<ssfl it1obtail.ing
funds from the od and Agmrici lt .irOrganization (FAO) for a D. 
hominis control eanaif. 1)". : ,h Bram (FAO,Ital) .latu that
FAO is alway.s intere;tedl in p rca" a- ,problem-; ' ,vs wi;ing to
h2l). If a gOVi 11iitiWof colul!ty propoc's-; a plan! and a';rcc to 
spe~nL a d(teqlnijnecd sul f ioi-vv in tlhe c('.in ijrlitrd NaiionsDevelopmen tPrali',ne (UNT.D11) would e i. FAO is the executor
org'anization of tic p1l n. GC'irally th inilili i ' ulginhnade fori-s 
two or thre years. The samr plan is al plicable to tick-borne diseases.The s.!icitan t gowrmient must provide th,'m with counterpart support
(work facilities, etc.). 
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Hematophagis I)iptcra as Vectors of Diseases 

in Colombia-

Hernando Groot" 

Dr. GrCot discussed Mosciuitos as disease vectors in Co'ombia. Hemade special reference to equine encephalitis, yellow fever, dengue
and their vector Aedes. 

He stressed the importance of these diseases, what is still unknownabout tlem, and the ofconditions transmission in which mosquitos
play the most important part. Venezuelan cquine encephalitis istransmittc hy a mosquito and infection can frompass animal toman, hence, the human infection is always a subseejun phase to 
equine infection. 

He noted that veterinary and human medicine are interrelated in 
the clinical history of Colombia. There have be,n serious outbreaksof malaria, whies eradication is difficult, and most of the failures 
are the resuit of problems related to the ecology and biology of its 
vectors. 

Colombia, by its climatic and ecological conditions, is a countryfavorable for the production and development of tih'se pests.Mosquitos thrive in the tropical jungles in slow running streams
which are an ideal environment for the development of the Culexlarvae. In addition, the country has large rice lands which makes 
development easy. 

It also happens that at the forest l)eliphcry, foci of equine
encephalitis, horses, are naturally immune It has been experimentally 

* SIIIIImlIIV of'allr:-.; pr seilvd fno al N 
INPES. (entro Administralio Na'ioiil. 

1 i. ,,i ilApper rcceik'd. 
* (Al\N). 
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demostrated that these animals form a sanitary barrier around these 
infested areas. However. mutants generally leave the sylvatic cycle
and enter the surroundini 1re,s causing equine ,pidcmics and death. 
In the sylvati c cVliC, the viru~ls is interchanc d by a n11 uito in the 
relationsl~i!ianiim! roai,'lin Thus, man-mn. develops a disease similar 
to Itnat !h <jcOf i quint. 

In 1969 in Ectodl , 1 peent of 31,000 equine cases of encephalitis
died. These lo.,se in hu nn lives, medical assistance, control measures 
and agricuiturl production were outstanding. 

We only ueed to know that one of the main prcducts of C(.OIial
is coffee and that the horse is used for transport. This makes the 
percentage of equine encephalitus a with suchvital figure production.
The cost of _epl, sin horses that. dic.c! was 4.2 milli-)n dollars in 1967. 
The combined animal morbidity and mortality rate from encephalitis 
was also high (76' ),i.e. in 1967. In Colon-ia the number of sick
animals fluctuated between 67,000 and 104,000. This diseacc caused 
income losses, expenses for veterinary service, and out-,o-f-pocket 
exp.mnze for re!placement of the animals. 

It is necessary to understand the epidemiology of encephalitis to 
be able to prevenf it in the future since vaccination has not proved 
to be effective. Of 400 children vaccinated, 200 caught the disease. 
The encephalitis virus that caused the epidemic was the sylvatic virus 
which was not pathogenic for horses. Dr. to-uroot seemed indicate 
that if the equine viru. is eradicated the human disease would also 
be eliminated. 

Referring once again to Aev; nosquitos,, Dr. Groot stated that 
between July 1971 and July 1972. Colombia. had an outbreak of den. 
gue. The first warning came from Barranouilla, when a group of 
doctors from the Universidad del Valle Medical School diagnosed the 
cases. The Public Health authorities, vwerc practically unaware of the 
problem, but curiously the !opulation understood. They gave the 
disease the folkloric name "red tobacco" since the disease was 
characterized 1% f-ver and skin eruption. Serological testinc silowed 
that 20 percent of the people affected had dengue. It is believed that
22 percent of the 2.1 million people in Barranquilla must have had 
the infection but, interestingly, only 500 cases were reported. Thus 
the vector Aedes re-entered this country. 
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Yellow fever had been eradicated from Colombia but, in August1975, foci of the virus were found near Cucuta and Bucaramanga thus
infesting the country again and putting the urban populations in
danger of an outbreak of yellow fever. This disease is transmitted by
the mosquito Aedes aegypti. Dr'. Groot speculated that the infestation 
of Aedes was provocated by two principal factors: 

(1) 	 The need for storing water in the, home--a custom of people 
on the North Coast of Colombia. The 	water is stored under 
unhygienic condition; thus providing an ideal medium for 
mosquito multiplication.

(2) 	 The disease came from neighbouring countries already
infested. It was known that there were focal points of infestation 
in Venezuela and the Caribbean Islanids. Thus. it was pos sibly
carried) on the tires 	of passing vehicles4 or in ships' cellars. 

The 	 Ministry of Health at present is reviewing the situation. 
However, there is not yet sufficient tcchnology to eradicate the virus 
nor an efficient method for Aedes control, hence there is a need for 
new 	research programs leading to these developments. 
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Hematophiag s I)iptera as Disease Vectors 

ini Colombia, 

Pablo Barreto ** 

Dr. Barreto stated that flies, a: bloodsucking insects, were good
representatives of disease v'ectors. causins! with their bites, health 
hazards to man. ie mentioned Stom:xys calcit rans which is. lnown to 
transmIit the vi ru- ,.f an infcMctiou anol; ia of horles, Ihe anthrax 
bacillus, and st'veva! itt i.:enh, V.)tflos{-l;is 

Th(- Taluni, isw:kaL !Inlv (,t bloodsucking fli,-s of which 
several eclu a.-i ve'febe .)ijh e 'ors. Thoc fflios cause 
((e l ) \'Ili'dY \vit .i;)lnf, 10 0 ocl ,ida td blood loss in
IvostoeIk mayi a,, O0lcu,. T1,!, Tatlnidhi, ar, associated vitlh the 
anthrax bac,1i It,, ii T.bo;ia.Tva ni and Aiapla ula margin ale. In 
addition, ('hrysps is thIi' only known v A Ioa loa (Cobbald), an 
African (,vt, worm til is found in lro;ic, raina foI-As. The dIsCae 
is charaeteli,! 0e p-rasitesis -ab'.t fous of with 
transient itchine, and Calabaal scltins 

in the i tissue man 

Lepis'laga isi a clinmin horsefly in this country which grows in 
swanps. Ii is thaght tob the vector oi one of the Cattle 
trypanosomen 

Culicoides: is a mosquito that is very small. Its importance
resides in the transmission of several disease.s suct'h as the "blue 
tongue" in slwep and equine eicephalitis. In field studies in 1972 along
the Pacific Coast of Colombia many Culooides were captured, without 

Sim iar\ of a"lrv s plr-t'lld d Iil [h papcr .linvoimal 1a1>1)1iithit 

. 'rof or. I)l)parlim,,t of ,icrot iology1.I I ri\r-ids.lj tdel Valle. Cali. 
(olombia. 
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the Miu.s thmqjU l.)~i 1Ct, d(ec 1101 HLCV 1vanSIlithi. flul 11,M (11)11, 
the d~isease, All tlhrst mnsqi to. art, .in 1) , Is eis o f thIIe 

andc:' ;Y th Wa h, %,I, llcv in 11-l! d t Int 101 

oil tile io' ill c c d 

tiii~~\VOtlic ~ 1tc ~c ~a~ln iit. ~ iI1i[~'v.lhiclk has beeni 
givai to Wnbcaug of h Lyai1aged lopaicato t he Ac U; 

thoracic ln M are xor acons bires and const it ute :i pCst
 

\VlS1Cci' 'I'i I :l~iV.,I ivm-ves
il T.'v".i 10k locWi 

cuicnis ie ' Vod v*vSnain imijlids "Ireofi wiill 
of m~edic ipmc' '' . trlunnti iriieCt]n tKA1 1/1115 ijCdiiCS 
ii n 'ti / Cpn1bk/i)' linhcd with some vi ml aiseases; they 
p)rcduc dernint Iiis and will at tadk dudnb the day. 

In VolMSi& eprossed Dr. Parreto, %vc have- much morie to learn 
in the ficid of cuntornoo.,v Whcn all the Diptera have been identified. 
it will be possible thien to plan more in-depth studies. 
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Summary of Disclissions of Papers by: 

Herlwnu,(o Groot 
Pablo lParrcto 

Dr. Carlos Sanmartin (Argentina) stated that: someinl her theepidemics of veterinary equine encenlhalitis (V.E.E. ) follov,, the useof aplarently hiactivaled 'acceine, but \vhieh are vireAt,n; ilnColombia HIP uSO (1 Sutch vaccines is plro.,ibited. Tihere are t.o , bicenters pr mdiuin.:, modificd live virul; vacciles, one in tihe UnitedState's and the ot il: in A ui:,o. Colombia )r(cILuccs modified live virus
vaccines in h':S;r Ilalii..referred a paperHe to by Dr. Carlos
Leon froni tlhe [iiverxidad (k, Vill , in which the aftermath of thedisease was disuss.d in c.hi ldi,.i with ncl ological synptoms the
results were serious and plobab y lpenranent. Dr. Ricardo Ochoa
(Colombia) noted Iliat Va.it'no l ns against (V.F.I .) hp) to spread.qililie infcclio:u . nliia (lt, Ioa lack of precaution with nc.d'esand aslcked wlat are teC is effects during pregnancy anid tHeconsequenrs for the lt us. Dr H. Groot (Colombia) mentioned thatIn Marauibo. Sone years a!4o ft tal malformations were attributed to
IPe ViiruS, but thle.se were not (enimei. 

Dr. SanumiartiiaddedIhlat: Dr. Wagnei in Maracaibo reportedanencephaliaelv, but no semATroloeal studies on the 1ohc rs weremade,
nor was the virus isMdated. Hit wL ver, lese cffects cannot be discarded,
Since' lHI Cnbr.-Oli 11Crivos I issue could be nMore su 5Ce)tible. 

Dr. Gonzalo fuque (Colombia) inquired about the role of birds asreservoirs for thc virus. Dr. Groot commented that in Panama, a green heron circulates the virus. About one yar ago, he found thatthe probable vectors of the Cpizoodemic equicide form belong to six gencra an( 20 species: lhe virus has been found in thCir but thereis no evidence that all are biological vectors. The genera are: 
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11;1i:oiia, Aedes, )eill acerites, I'sorophora. Cu'lex and sonie Anopheles.
The tran:nii .,s of Ilie j uncle form are restricted to: Culex 
(ItaI!(ocoulium), Psimoplhora Aedes.:aind Tilt, Cali group proved the 
i)-.5::ibilit v )j 11f 'l1 hi, ni1.li,-Sion SiIuIIliiInI. (le near ~ .. ll hv Ill 

uiiu
t the Ilc .of ilt, T;1a hIidae \-i!l he uhied 

Lpichlag"Ia- ., a.soeta ii %viih an epid&11w Tolillia,in but 
u!n!1 Clllex "1Crl) fOindh: t hefo'c. !i Va PISlinlied tlt 

('i'hx w. the o_ 11 tlth vir-lS %. 11s k'a-td: Virus Calsillgnot tilt' 
t!'I cjpCidiC \ : th,., jungle,1 type.0 

Ie nIot d t,1lt des i e the availability of good vaccines. 
epCenhiological and entomologieal studies cannot be abandoned. 

Dr. Eduardo Avcardi CIAT. Colombia) asked if the mnasive use 
of the nodifiel Hive virus vaccine had been tested (n humans in the 
zones highly su'.ect ible to the virus. Dr. Hernando Groot (Colombial 
repliCd that it.has bt.:ru u:ed but has been limitted phoseto people 
who are highily cxioscl to the virus (such as laboratory Plr:oine!). 
He stated that -e.rthig seems to indicate that if we Ilevelnt the 
disease in equitys it can be controlled in hurmn-

Dr. I. LonofM Colombia) commented that the Universidad de 
Antioquia in Medelhin, Colombia is siudying the role of Simulitun as a 
mechanical vccktr of V.E.E. They also have some refe:-lnces (Levi,
 
Castilo) on Culicoides infections.
 

Dr. Sanmart:n declared that he is interested in this work since 
Simuliutn is difficult to cultivate and maintain in the laboratory. Dr. 
H. N. Espinola (Brazil) noted that Brazil was infested by A. aegypti 
which was eradicated in the 40's. A few years ago it reappeared in 
Belem. Once again, Brazil is free of the pest but many countries in 
Latin Ameriea stii] suffer A. aegylti infestations and while one 
country remanis infested there will always be the danger of 
reinfostations. To this, may he added the problem of insecticide 
resistance: cootrol of A. ae g'pti must be wariied olt on a large scale. 

Dr. Josk M. Payno IBolyia noted that: Stomoxys sp. has 
constituted a prol.em in the Eas Boliviaof where it has been 
associated with sugar bagasse and he askeud if this bagasse is important 
for the development of these flies. Dr. P. l3arreto (Colombia) replied that 
the eggs are deposited in decomposed organic material and not in fluid 
materials. The larvae do not inhabit a fluid media, either. The pupae
develop in drier materials. Dr. Roger Drummond (U.S.A.) then 
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added that in Mauritius, the humid sugar cane seems to be a good
brceding place, well seaas as decomposed weeds. Dr. Guillerrno 
Mate.us (Colombia) commented that Atlanticon the Coast of 
Coombia, when the African palm tree fell to the ground and
decomposed, it roustitutCd a very good b'ceding place, becoming a 
probleni for tht: neigIboring animals. 

Dr. Beltran iP dicatcd t ha Stonioxvs is i serious problem in Mexico. 
He note(] that small conlrol te:;t have been initiated but there have 
been no definitive, results. 

Dr. Carlos Quirega (Boli via) asked Dr. Pablo Barreto (Colombia)
if he had any infornmation concirninv the role of the StWIIUxys ill
E.I.A. transmissirm. however, indicated he1, that did not. 

Dr. Luque11hnoled that Tiabanidae appear to b- possible transmitters 
bUI, that there has been no researchC n this. Dr. Barreto noted that
whle it is th'ue, there are other more important transmitter arthropods. 

D.'. ,uque asked if there were information from other countries 
on 7 osia irritans control. 

Di Drummon c a.dv,erl that there is a nilot plan for eradication 
on the island of Hawaii. The insecticide Altosid (mcthoprlene) used 
at 0.5 - 0.01 ppm is introduced in the drinking water which then comes out incorporated with the feces. The larvae of the horn fly
contact the insecticide and do not devc lop. In combination, sterile 
males are reeased. They have been raised thein laboratory and
irradiated withll 25.0)0 rac. of gamma rays. One and halfa million 
males are released per week. Usin)g this technique it is hoped that
the plroblc ni will be eliminated. On one farm, they were eradicated in 
13 we.ks. 

Dr. Payno inquired if Neguvon (dipterex) were efficient against

cutaneous labronemyasis. Dr. Hernan Duran 
 (Colombia) noted that
in Caldas, Neguvon has been used locally for three days, at 15 grams 
per 300 kilograms but it is not 100 percent effcctive. In somo cases,it is necessary to revert to surgical treatment. A!'owing the manure 
to ferment in wells and spraying the well, wiih aldrin or dieldrin 
helps in the contro!. 

Dr. R. M. Teruya (Bolivia) asked if there were a case of
onchocercosis in Colombia. Dr. Barreto stated that there have been 
cases on the southwest Pacific Coast. on the. banks of the Micay river.
Dr. A. D'Alessandro (ICMR. Colombia) indicated therethat have 
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been 44 cases of onchocercosis. Dr. Ivan Londofio (Colombia) also 
added that in Medellin Onichocerca valvulus was found on a patient 
from Tolima who was visitinig Choco. 

Dr. Gustavo Lopez (Co'ombia) sugpest 'd that. rcccentlv, muscarine 
wxas isolated from the domestic flv, and toxins from Bacillus 
turigensis which could used in the control of onchocercosis. 
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Acaricidcs and Resistance of Ticks to Acarici(1cs 

.1IQxa(ledvr S. Tahori 

Pesticines are materials which kill pests or which pri-vent, inhibit. 
destroy or othei wise mitigate the effects of noxious animals and 
plants. They may also cx(rt an attractant or repellent awtion or
control populations by means of limiting reproduction or preventing 
epizootic:. The t (T insecticide is derived from Latin words meaning
"insects- and "'Ato kill'. Insedicldes generally are the firt line of 
defense in the control of insect outbreaks. They have been employed 
because: 

(1) They are highly effective. 
(2) Their effect is quick. 
(3) They ('an rapidly bring large insect populations under control. 
(4) They can be employed only when needed.
 
Alternative means of control can found that will
seldom be provide 

all these features. 
Insecticides. however. are not without limitations. Ticks become 

resistant. to them. They may disrul)t the ecosystem with adverse 
effects on the insect coml!.x, wildRife, and ather desirable species.
Residues remaining on cattle products may pose health hazards. 

The contribution ot insecticides to hurman health is impressive. 
About 3(1 known diseases are causcd by erganisms whoso arthropod 
vectors can he greatly reduced or eradicated by insecticir'., treatments. 
The list includes such a!,,c-old ,caarr~es of mankind as malaria, yellow
fever, filariasis, bubonic phaigue, typhoid fever, and encephalitis.

The need and use of insecticidces and acaricides are certain to 
increase, despite the adverse publicity to which these chemicals have 
been subjected in recent ears. The hope of mankind to escape hunger 
and disease is closer to r'eaity today than ever before. This hope 

I)i n'-io'. 11,'(. Toicologp Sc'tiin. loravl ln-li uO for Biological Resear'i. 
P.O). Box 1I), Nvss-Zioia, lsracl. 
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rests, to a onr!,(, d rc, on conliilued reseal a' ld (evetlopixnet efforts 
directed toward the productim of safer and more e'fcctive in.scCticides. 

You classifv insccticides either )V thtir 'hem(,liStrv Such as 
chilorina ted hvd reca rbons, c.'batna Is rl" .i,:cnis iph hphou's
conipouii s, or by thicr llloie of cntry iliti , l:w inscct hidy .,ueh as 
stornach poison. ccLitact poisons., f'niganlin: or hy 1het ae of illsect 
against which they are active, ovicides in qogsfor example. apah_ Ih-
iarvacides acahlis tho imlna 1urc s age : mid adil Iicidcs azoainst the 
mature stages. The best insecticicl, e lassificatii;n woildi , thoir• mode o! 

action. but ",ittl thle exception Of O-P Compri2oulnds iUat_ ;1Ymates tooa 
little is known abot 1heir mode oi action. Ti'dayh)Y yeus after the 
widespread use ), DDT. wt, s:ill ire not sure ahout its in ,de() awtion 

Pvreth runi 

Pyret - ;s 11"' first i!.Stctiiid(.< (cvC ,i. P is,-un - tnu i 1-. blict i Il 
have been di.Vc,' d by accid nt Persia and lnrrin intioduced ill 
Europe in the 11h cirntur There is a record that .ven in le 1st 
century, the Cl: .,c:,. kne,.' of' pc: thrumi as al botanical insctcicid,'. 
The daisy-like flower of the Chrysanthemun innerarijcfdinnm gnrtcws 
wild in Dalma'ia. The active in- r, clJents. pyre: .i .s'. an, (x\t tcdl 
from the flowers. P rethrum is practically non poisonuis to warm 
blooded animals and snce it possesses no iesiduaIlclect, no poisonous 
deposits accumulate. it cause. almost instant paralysis in the insect 
coming in coitact with tile compeund. Today pyrcthruml is grown
mainly in Kenya and Tanznia. but also in Ecuador and New Guinea. 
Its main disadvantace is h? relativke v high price and instability in 
air and light. Pyre thurn is an (ste and therefore liable to rapid
hydrolysis: its alcohol i, moietv as intains (otble bonds which ane 
easily oxidized. after which th,, o!mpound loses its insecticidal 
activity. Figure I. hows Ih, cheicic l tructures of Pyrethrelaid 
and chrysanthemum, mon)carboxylic acid. 

Figure 1. Pyrethrehlad and chrysanitheniun nionocarboxylic acid. 
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H H 
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H C H2 H H H 7HC 
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HC--C=0
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Recently a number of analogues of pyrethrum have been synthesized.
Some of these I)ossess much higher insecticidal activity thanpyrethirum itself, and otliers are more stable, however, they are stilltoo eXpensive hn10-a)MC tical e et. Owing to the high cost of pyrethrum,
it is very seldom us,.d by itself but together with synergists: the most 
common onv is pyjeronyl bcitoxide, (Figure 2). 

Figure 2. Ilpt-rotyl bittoxide. 

0 
O 	 CH CH? CH3 

o 	 CH 2 0 CH 2 - CH 2 0 CH 2 CH2u 

DDT has probably had a greater effect on reducing disease andhunger than any other man-made chemical substance. DDT was firstsynthesized in 187-1 by Zeidl r. who did not recognize the imlportance
of the subIst ai c,, lii 1939 it was rcsynthesized by Mller in Switzerland
f or which 1I. r:ceei-vd the 1945 Nobel prize in medicine. It.; major
advantna,,. we'r: high toxicitya against a broad spectrun 	 of insects:relatively low toxicitV against warm-blood :d aniniais (12( ) 3 nig kg)and Ilants; its; persi.Aent action requiring fe" application., aind most 
imlortantly its very low cost of pioduction. DDT applied indoorsremain effective up to a year. 	 maybecoriiing i ueffc only coveredlive \vhm 
by an accumulation of grase and dirt; in field conditions with maximumsuriface exposu:e it s)wlv decomiposes mider tI t influenco of solar 
ultraviolet irradiation. 

The nude of action of DDT is nct yet ft]lv uInderstood. Ii primarily

affects thu licrvois 
 It is hi1ly solube in fatty materials,
resulting in its storage in animal fats aid its subsequent appearance
 
in milk.
 

DDT a eared on the public health scene Iuring World \Var IIand dramatically halted a typhus epidemic in Naples. It also brought
about radical changes in the metlhod of malaria control. A worldwide 
program of malaria eradicatioi, based on the use of persistent insecticides, mainly DDT, was initiated tie Worldby Health Organization
in 1955. One biliien people now live in areas freed of malaria. DDT was also revolutioniatrv in the control of other vectors of diseases suhh 
as tsetse flies. blackflies and fleas. 

The disadvantage of DDT is that many insect vectors have developedresistance to it, Today, it is practically impossible to find in the field 
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a housefly strain which is not at least partly resistant to it. Another 
important disadvantace is Hs nannbioderadability: it 8CCtI1f lates in 
V . food chain. Tih DIDT present in :-r f 'rim; of IiW such as 
bacteria, insc(Is, war'is. ).ankon and aLgi, is ).ms.,d (m and often 
concent rat.Ca; it ekcs tip the food chainl. Bird'. lear the apex of the 
food chain, especially- thos: that prey ol fish and other birds, have 
suffered g ri vou .y fielm this accumnulatin. 

A great contni'oecrs, is new raging as to whether DDT should still 
be used Many countries SuCh as Sweden, (which once conferred the 
Nobel prize o' the disc'-verer of DDT) Germany. the USA. Canada and 
others, hav bknncd its, use and manufacturc. Hov.'ever, withdrawal 
of DDT without any appropriatr subst itute has led to disaster. In 
Ceylcn, nialaria 1-ad bwn reouce(i to very low levels and the cessation 
of DDT spraying ope rati(rns in 1904 brought about new epidemics 
with a total of over 2'_ million reported malaria cases d'rir g 19(08-69. 
Currently, availa.le funds 0t the World Health Organization (WHO) 
are insufficient t pay for DDT substitutes. Therefore, WHO 
recommends the continucd use of DDT for indoor spraying to 
control malaria oscquitccs and ind.or dusting for plague fleas and 
typhus lice. ratihr than risk another outbreak of these diseases. 
Nevertheless. outdo:or tues.cspecially application to waters :;hould be 
restricted. 

Other chlrinatved hydrocarimin insecticiles (C(ychodiene)
 
Lindane
 

This iIll. yamminia isomer of bnzene hexachloride, a compound 
which was first synt hesized by Faraday in 1825, but the insecticidal 
properties were only discovered during World War II. It is more bio
degradable than DDT: it is more expensive but less toxic to humans. 

Dieldrin anud ,1\61hin 

These compounids are, much more insecticidal than DDT, but also 
more toxic to wa:'m-trcodcld animal:; (LD.,,, approximately 40 mg kg). 
Recently, they have been suspected of being carcinogenous and their 
use has been torbidden. 

Synthesized Ror lht itt time by Faraday in 1825, in 1912 Van der 
Linden showed that the compound cnntained four isomrers. However, 
the insecticidal effect was shown only in 1941 12 independently by 
French workers and by Slade of ICI. England. The tidhuical product 
contains eight isomers, but only the isomer known as lindane, in honor 
of Van der Linden, is important, since it has practically no smell. The 
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compound is quick-acting, and also possesses a fumigant effect. The 
toxicity of dieldrin (LD:,,) for rats is 60 mg kg, acute oral and 100 
mg kg, actie dermal. The acte oral toxicity of Aldrin is 55 mgkg. 
Acute dlerIl is 200 mg kg. Lin dane is : Ired in the fat. but not as long 
as DDT. 

Orgaiic pliosphroti. s compomlnds 

Malny of tlit, i)scticides j!(, tused belong to this group. The basic 
research iiithis group of ltsticides was carried out )jy Gerhard 
Schradcr at Bayer, Germany prior io World War II. Those compounds 
which showed high humal toxicity such as somen and tabun were 
developed in to var uases; those with lesser huImn toxicity were develop
ed as in-secticides (for example, parathion). The O-P compounds easily 
penw at, the ski;t of the insect or mammal. They inhibit the action 
1f1tlie en'/zyliitcelylcholine-esterase (AChE). In the animal body this 
cnzyne splits acetycholine (ACh) which is essential for the 
transiWl' .Ion of nerve impulses. When a nerve is stimulated, the 
stimulus travels along the axon until it reaches a synapse. "Transmission 
over the synapse is possible by means of a chemical compound, ACh. 
After the stimulus has passed thc synapsis, AChE appears, splits ACh 
into choline and acetic acid, and the nerve and synapse return to their 
original status. 

An 0-P compound binds itself with AChE and forms a complex,
which is stab'e for a long period. Thus no AChE is available to split
the ACh, which remains at the synapse indefinit-y, and the animal 
dies from the continuous effect. of the ACh at the synapse. 

The O-P compounds are derivatives of phosphoric acid H: PO, or 
where R'is shown there is usually a methyl or ethyl group, (Figure 3). 

Figure. 3. 0-P compounds which are derivatives of phosphoric
acid, I1:111',. 

0 ON8 

H0 :R'O 
\ IN
 

P -OH or P-OR' 

HO R'O 

Only the compounds which contain the P- 0 group and not the 
P==S are active as AChE inhibitors. But this is only theoretical. In 
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practice, all P S compounds contain isomers with P 0 and are 
therefore also toxic. 

In ordcr to inactivate the AChE the P- S compound must first 
undergo exidation to P 0. This process occurs in th, animal body, 
and we call it intoxication. It is also a suicide meclhanis.l. The animal's 
body Oxidizes :a "non-toxic" compound to a very toxic one which then 
kills it. As we have seen, the OP cemni ounds arc ester. and threfo' 
liable to hydrolysis, ttydrolysis is in flu ncd lv: p1H, but also by the 
ares:nece of suitabJ)le e-zIes. An 0-P comp,nd l-,hich undcrmc'eoes 
hydrolysis :cuscs its am 'ti AChE actiVity, since th . ,-Od lt ; of h:'drolysis 
mainly phospheri' acid, do net inhibit AChE. Thums two proc'sSes Occur 
concurrently in I animal body. one i; itoxica ion (P S to P 0) 
1h other one is dct oxification (hydrolysis of tlme phosphale ester). 
The insect t oicooais! is int'rosted in n :mpounds whichsvnthe mizina 
are prefern i '' inlxicatkd in he inect .ion!-and more rapidly 
detomfied in t: nammal body. This is possible in theory as well as 
in practice. Ilhi cogan chemi.-t may add certain radicals such as C, 
CH::, etc. anA thus intensify the chctrophilc character of the 
phosphorus Uci nnd consequentl?: the reactivity of the P - OR" bond. 
The bioche ',I ,t the insect and mammal body is also different. 
Mammals con ta i more carbx'(c.ti"ase than insecrt-. Ti is explains the 
preferential s::tetmve Ioxicit v of m:lathion to insects and its low 
toxicity to ,na'nn a> In order ., be active malathion has to be oxidized 
to ma!aoxon this is the prucss of intoxication. On th other hand, 
concurrently. phoho)shata.:-s ind carboxyvesterases vork on malathion to 
hydrolize it (sepexiicotian . 'ILK speed of detexific.ttiimn is greater in 
mammals than in ins>.s. MI runw, Ih sp-,d of intoxication is greater 
in insects than in m :I, imamah - -xWoamn- teW' low toxicity of malathio 
to mainmia's. E-ft-,re it i: oxi dized in the mamimal's body to time active 
compound malaoxon. i is. detoxified by earboxyesterases and 

phosphatasts. However, in the insect body malathion is more quick.ly 
oxidized to malaoxon, before it is hydrolizcd. and thus kills the insect 
before it is detoxlitid. The chemical structure of maathion is shown 
in Figure 4. 

Figure 4. Malathion. 

Cf30 " S 

CH30 -P- S- CH- COO C2 H., 
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('ar)ai na tes 

Con )ounds in this groulp -re being aveLivoly dev loped as insecticides.
A llillmb(T of" hot(ro 'ryclir. c'ainats silnh as pyrolan and iolan by
Geig-y wel., illtrodun'f'w allitr 15 € .ar ,' . However. the;, compounds 
had a ljij i,,t .<;pd (if 'tctivi Xl' i h1 nimnmalian , xicity. arnd 

Te( JU ldll('? O, ) (Ill)10",,l ). ro",'c (a ' I)l'(a'-SpectI in ins(cticide,
t.nlfil l Ifi i f(o'rA('f iI 'p ; ,Jniiinsecticides. ethinct.e 
f"v , (of, lI)!'' a nr'I"C. ii l-i r"Iof other, carbamates have been

inlrod ,'(., wt umon I ((In Baygon. M smrol and Zectran. The mode of
action o! "w,'cAmateesters in insect s is analogous to that postulated
for the 0--P compounds, nanicly inhibiting tht cholinesteiaseks) of
tM igcrvous system. tHowvever, the resulting earbaryl estyrase is
apparntly l('ss stable than the analog us phosdhioryl estpras: The

carbamate e!;ter is hydrolyzccl W the 
 process of dccarba'nvlation of
chclilie.tcrase. Cholinestf 'ase inlhibition may not b 1he o;l, poi::,'ning

mechanism responWsib 
 for fhe toxic action of certain rarbamates
 

As with the pho-sphates, carbariates 
 are rcadiy degraded in vivo
and in the environment; many Wave low toxicity to mammals, arcselective and fit w,,l! into im egrated control progranis. The carbamates 
:1dong with O) t conipollnds offer nerhapstihe(rost promising chemical 
(Ont0rol agelits sylivi-cd anl developed lodav. Figure 5 shows th,
celmical structure of carbaryl (Scvin). 

Figure 5. ('arbaryl (Sevin) wit h the struture 1-niilaphtyI-N-caramate. 

0 H 

0- C N CIA: 

Resistance 

The criterion most commonly used to identify insecticide resistance
has been the failure of the customary programs to provde practical
('ontrol, evel when the cdosage was raised or tha frequency of 
alpplication increased. While this is not a satisfactory basis for the 
measuremenl of resistance in a quantitalive sense, it constitutes a very 
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cOnvincing critericn. Bio-a-say tests provide good quantitative measures 
to assay resist .in The cholen -ffect may be any detectable change
due to the texicaItL hUt in prac tice it is either kn0Ckdlo Xvl or death. 

How shoih:ot! be"cineisui rCd! 'Ihc conlu,,l tnit. -). d :,Ulid 
as known an:, N kis oi instlicide p,-" 10 li>" a! , y: 1)0ar

r(lation 1!01.iounitno direct th,,e of t>:icanit reachi,, the insect -;. Evnj0
ttie exact t-.h,.iae of t,lpical atnplication does not I( a>ll'c loV ilntch 
enters the :s:ct 1,dy ad itS 10 critical the' to.xi(.tthe al'as WhiWI 

effects are nroduccd
 

The WHO E:urt Committee has defined resistances wi Notows: 
resistance ") ins,:cti cictes is the civolplment of an abilivy ii an insect 
strain to Wt:era r doses of toxicants which wound prov lethal to a
majority o" individuals a population of the somein normal specie.
The key werd i- "dlveopment" for this signifiis that tlie condition 
is chaO WNAcrteof &,P populati-n bfore exposure to lt chemical. 
In contrast "t h1ance" ctescribeq a condition of insensitivily t)
insecticides bt n'c e of the chemical. 

Over 100 nncuis of insects important for public and veterinarv 
health have I'.W i~d at Yeast c e type of resistance: for agricultural
insects the nul: r is also over 1O. Today four types of insecticide 
resistances are in:)ortant: to DDT: to thr cyciodiene g r oup: to 0--P 
compounds, and to carbamatt s. The greatest number of spcies have 
developed r~sistance to) th, cvclodiene group. Multiple resistances of 
twu, three or even four typc,- together occur frequently in insects of 
public health impotoTnc. Res5.istance has mnost fr'eIuenLtly dcveloped 
in the Diptere. 

What is the importance o resitance in the field? Cotton pro:dction
is threatened in the USA. The cattle industry of Australia is 
endangered by le appearance of O-P resistance in the tick vector of 
cattle diseases. in addition, to already widespread dieldrin resistance.
The German roach in the USA is now almost compl t(ly resistant to 
chlordan-: and is becoming diazinoi resistant. IecbuK.-g have developed
DDT and eylodikne resistance in Israel, but fortimatly the hedlug 
does not conet i ute, a problict ,i an tvo.',v .t :I!viy ,. ii India,
bedbug resistance to ehlorinated h drocarbon ins'.etii(1 constitutes 
a major health probNem. The hounst:iv has bccom I)DT - resistant the 
world over, mnd is alto resistant to cyclodi, insecticides. Vie
development of 0 P rsistance in Caliform ia. Florlda, Denmark and 
Italy spells trouble for fly control. It is in mosquitoes that resistances 
to insecticides have developed most serious dimensions. Culex pipiensis
the vector of filariasis, has developed resistance to DDT and the 
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cyclodiene insecticides and 	 is also becoming resistant to 0-P
ccmpounds. Aedes aegypti, the 	 Vecltr of yellow fever, dengue and
chicunguya virus, had become DDT iesi tant in the Caribbean area
in 1954 and dieldrin r(sistant in 1959l.,PBe(ntlyincrease,-d tolerance 
to malathion i ia.s lbuen (flu)! li tiid 1,'; . e; the anuphline vectoreg
of malaria, 12 sj aris ha' d . ] i i)T - n,.istidnce and 3-, dieldrin
resistance. Somethue; D)ST-lIi.i't Lc ore l b, 5il,,:;sfullV combattecd 
with dieldrin, and die'.dril, ii'sist ance lrcatc-d wi DDT. However,
,:olnfl IInO!quito -;jpiltc dveOpI bib vj1r9; H, re-sistance;
for (xanijpl(. A. alhimniv, in Cenilrat Ali ira. 	 !,a these cases O-P
C(Inpounds i oa.tthin n and fenthinn andi Ihe carbamates,
carbaryl il(d v.,in har1 a., I id a rei plrlspay.;. 

Gel,,tics of i",.istancV 

Is resist nct due to pnTadhraplalion or to pastadaptation, i.e. wasthe gene (or genes) reiq)n1sibl for resistance, already present in the
ins ect )o1)lation or did Ihey appear only as a conseq!uencce of the
exYposiirc to the insecltiicles? The consensus today thatis ror'istance 
is;a preadaptailion phenomenon since: 

(1) 	Exposzure to harntess closes in early lfe does not make an insect 
any more Iolerant of de-isive doses applied later in its life cycle. 

(21 	 Colonies in the labrtoratoy cxposed to sub-lethal levels of
toxicant n wt dev, loped resistance, even after 100 generations
of exposure. Only when the dose was 	 raised so as to cause 
mortality, did resi:tance develop. 

(3) 	 Expo.sure to toxicanis of iogenic ofstrains Dr3,m;ophila. which
lacked tIo lhceS<ar'y preadaptation gene, did inducenot 

resistance. Inrt icide rc:istance is thus developed by Darwinian 
selectio of gene;;.pre exis;ing However, DDT- res;istant alleles 
may be piOed .(,( by mu11doc: is such as X-ravs. 

Genetic tllic.ht the four diffcrent resistance types have shown
that they are caused by a single gone. M.any resistanec ?,enes have now
been precisely located on the chromosones by linkage studies with 
marker strains. 

DDT resistance u.sual!y developS after an initial latent period Ofseveral generations bMfore it. increases steeply. Tne whole genome must
be remodeled, insects the so that with DDT resistance gene are no
longer handicapped. Tiiy must been at forhave so first otherwise
they would have been initially DDT-resistant. Cyelodiene resistance 
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on the other hand develops without delay, without new .tupporti m 
alleles. O-P resistance in insects develops very slowly. It is a'so lialCe 
to revert, since the O-P rc-itant individuals are-ni!1h .:l itdi]))vd 
by low fertility. Cirbam,at e -,sist ance 'lsa d ' ' ite'.!'t. 

The l:iher h,_ soh(ction tresstit nid x ,Tr hl' alt e' e\ tiI. }!a' 
lby th Iti ,' ti .' i(I t.'r 1 ei C!. c ! CA'!' 1)itt o fa r 1 -%v-'lo.I . (-'c1)' c 
individuals are t o ce e'sit an .l lvi\e'rsidUI ft diiu1o! e I t . l 
insecticidws are nwc AiMlh to AidllictO ie :l,'s'. l)" Llis. r''0h tilitw 
to sC!ect longg afittK thItV acc!] a pleict I, a t lc1) dt'cvelola- fa.tcr 
Al tropical and subtroa-eal climates hani in I , a ir,:ate ones,. dihe tIo 
the greater nunber of insectc era ions p:r .ar. 

Whnat makes ow inseet popu'ation in-etiMeido resi-stant. wvlil 
another one is susceptible. Mot studies have dealt vith DDT 
resistance in the hotsu fl, which may scrve as, an exampl; for other 
insects. Neither :'educed penetration throuiti the integunent, nor 
larger body size, c: hidgher liicd contont. :te., extrain the plinmuenur 
However. a high decree of correlation exists betwvcen resislance to 
DDT and ci irvmatie dehyriochlorination. Most rsist ant fly strain.s 
have shown rcatcr ability to convert DDT to DDE in vivo .nd in 
vitro than theAi susceptible counterparts. Another DDT m-abrl sm 
route is vta hy.droxylation, to i ofN, for example, ii. Drowopuija and 
in Triatoma infe snSby "mixed f cion o:.cia,'n 

O-P resistan,,c may be charael erized by the dcure( of i,,ihibition 
of AChE and -, aiicstcrase enzymes, and by differences in the rate: 
of activation an U inactivation of the oxican. Decrea.cc sre tivit 
of nerve filer, earl ganglia is a!so a factor in ticks and mites. For 
example, grealer hydrolytic efficirlcy is a characteristic of !t1 O P 
resistant insect. Thus ronnel, dicapthon, ehlorlhion. pa'athion, nw hy! 
parathion and diazinon are hydrolyzed in Periplancta am'crican: via 
phosphatase action yielding dialkvl phoAphates and thi-lphosphates. 
Malathion is extensively hydrolyzed in the fly and in (,ulex mosquitoes 
via phosphatase attack at the P-S linkages yielding .: vnt hrea,-:riov.n 
products, and also, via earboxyesterase hydrolysis of the diethyl 
succinate moiety resulting in nontoxic: mono-and dicarhoxvlic acid 
derivatives of malathion. EPN, a carbcxy:escrase inhibitor, syin
ergizes malathion against resistant Culex taisalis, tibus establishing 
the importance of carboxyeslera.se avti'ity in this soecis. 

Carbainate resistanev 

The ineffectiveness of a particular carbamate may be due to its 
rapid disappearance from body tissues, either by hydrolytic attack or 
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by excretion. For example, carbaryl is metabolized by resistant 
houseflies at a faster late than by su:ceptibe ones. 

Any kind of stress Euch us abnormal environment, deficient diet, 
ontlStlual aJ)nd:fllC.cOf (enlies, etc.. will sort, out these individuals who 
are hanlcu1)1)(l, 'tii \,ill jv'ltit only lI,. 1 vire o,. to reproluc1?.
This (ffect of g(.Ilerisi vi ,o r vih oip,,rate in a non:pucific manner. Ti-:3 
aln insect llay show a deele lrsistance to any toxicant.(100i of 
'I' si!isi ca lld vi or ls I' 

('ross l'(.' -, ..ilicr' 

'1(w1 rin vro, resist:u'e j-1,l to imply that. a sinph properly 
ensures C(:1.'s - 1proteclonito vairlous t oxicants. Multiple resistance on 
the oh(,r Inid refe r; to Ilhe coex st ence of different defen.se 
neeluinis-ms inllthe sano inneCt strain, duplicate resistance occurs when 

at leaN two rpehallisms exist in the same st rain, protecting it against
the toxic action of a compound by two mechanisms, for example 
against DDT by t") dehyroch!orinalion, and (b) hiydroxylalion. 

Exposurc ;,f aI in.sect pcpulation to one insecticide may lead to 
cross-resistlonc to chemically unrelated insecticides, even to nM:cticides 
wit l 	 (difvf.rnt m r(s of na tion. It is now possible to r'ecoanhze certain 
patterns f cross-resistance which have importnmt implications for pest 
control prograns: 

(1) 	 Sh'ction or resistance to DDT ilivo!ves cross-resistance to 
DDT analocues, unless the chemistry of the latter does not 
allow enzymatic dehydrohalogenation. Cross:-resistance does not 
usuahiy involve lindane, eylodiene insecticides, O-P compounds 
and carbarnates. 

(2) 	Selection for rezistance to insecticidesi other than DDT, 
results in cross-resislance to DDT more readily than t1:e 
reiprocal cas by DDT selection. For example, resistance to 
malathion has resulted in high evels of DDT-resistance. 

(3) 	 Selection o resistance to any miember of the cyclodien1e troup 
invariably reS.ults in cros;s-resistance to all membnrs of the 
group, bul not to insecticides outside the group. Resistance 
tends to be highest to the compound used for seoection. 

(4) 	 Selection for resistance to an O-P compound involves 
relatively specific cross-resistance to certain compounds only
of the same group. It may, however, lead to cross-rcsistance 
to DDT. 
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(5) 	 Selection for carbamate resistance involves relatively high and 
specific resistance to the compound used for selection, and 
slight cross-re'sistanc-Ce to oth:ir membr-; of the carbamate 
group. There may be very high 	 to"ross resistance DDT, 
lindane ancd tl., cyclodic ne-derived -roup. 

(6) 	 The addilion of a syvi ,rgist toia carbama te may temporarily 
restore i:s effetivenss a ai nt the resistant strain. 

The practical im l;ieliolns of those observations are: resistance to 
DDT as a result of using only this insecticide is uPlIkcly to affec! the
usefulness of other p,.tiid.. Resistance to one member of the 
nindane-cyclodi in up is likol to nullify the usefulness of all 

members -roup.
(f On,some . ane, to a it.lll) of *he O-P, or 
to a meil,, of the carbamnate group., does net ncr essarily affect the 
usefulness of other menbrs of the samne two groups. Resistance to a
member of these groups may, however, involve scrioLs cross-resistance 
to the chlorinated hydrocarbon group. Prospects for the reintroduction 
of the chlcrinA cd idrocarbons after the interim use of 0-Ps or of 
carbamates are Of1r-ofore not good. 

Tick 	resitance 

The 	 first r ord of chemical ilck control was thL use of arsenic 
in Queensland, Austraha in 1095. Arsenic gave ,o,od control until 
1935. thcn arsenic resistant tick strains appeared in Australia, South 
Africa and Argclntina. 

DDT vas fir:-' u:cd in 1946, and in 1955 a 20-fold DDT-resistance
 
was reported 
 hi Australia. However, in mo.s:t places DDT-rcsistance 
developed oMly slowly and could stil be used until 1902. 

Then lindane was introduccd, but in both Australia and South 
Africa resistance t, BY-IC developed within 13 months. Resistance to 
lindane in Boophilus has always extended to toxaphene and the 
cyclodienes. 

O-P resistanta was only found m Australia where it was exclusively
studied. There, the many :strains exhibiting resistance to a wide range
of O-P and carbamate chemicals have crcated a serious problem
for cattle own,.,rs. O-P compounds had ben used since 1956, but in 
1963, one year aler the banning of the chlorinaled hydrocarbon
insecticides for use on cattle, a Ridgelands strain showed resistance 
to all 0-P compounds and carbamates used. 

What can we do to control rcsistan, insect populations? This is 
one of the most difficult problems today, and do not possess awe 
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ready solution to the problem. One of the causes of insect resistance 
is survival of the insect due to an insufficient individual dise in the
first place. If the insecticide could be applied or formulateu in such 
a way so that the insect either received a lethal dose or none at all,
then the survivors wouId be lucky ratlier than resistant. The dose of
toxicant picked up by a crawling or resting insect, would be a function
of the time spent on the insecticidal surface. Anything to increase 
this time will therefore increase the effectiveness of the insecticide. 
Recent years have witnessed some important advances in this area by
studying pleromones. The mcthod of 1,aitin, lures and trap. with sex 
attractants to which small concentrated amMUnts of a biodegradable
toxicant have been added, is one future way to control resistant insect 
popU lat ions. 
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Researcil inlto Alternative Artlhropod Control 

Measures Against LivCstock Pests 
(Parti I) 

Rachel (;tiln* 

Introduction 

With 19th century growth of urban populations througL.out the
world there was a steady increase in the demand for beef, hiide and 
dair, products. Vast virgin grasslands in the Americas, Africa and
AuStralia attracted pioneer graziers cager to exploit this abundance 
()f cheaip pasture. During the latter half of the 19th century there
Wtei 'reat mlovCment s of cattle in and out of Ihesc areas as ranches grew
and cattle were driven long1distances to be s~au htered and sold.
Thes' cattle movements not on:v sustained and supportd indigenous 
tick t)olfilations. but alszo played a apartin widenin- their geographical
dist ibut ion. Boophil vi micropl'u, for example, is believed to have been 
introduced into Aust-ralia in 1372 bY a herd oft Brahman cattle brought 
across from Java to Darwin. 

It has been estimated (Shaw, 1970) that about 80 percent of the 
pn:ent day one-bi'liin world a ttle population is exposed to risk ofinL-s'tat iol wili c:Ittleticks. Most countlries situated between latitudes 
15 S and :35 N support one or ai-re species of tic's. B.microplus is the 

most widlely sprad species, found in Australia, Southeast Asia, South 
Alricat Pnd South America . ihmophilis decoloratus is confined to South
Africa. Species o)I* the genus \mblyomnnma are found both in South 
Africa and the Americas. Rhipicephalus alpendiculatus and It. everlsi. 
owcur in Africa, SoL th of the Sahara. Species of Tiyaloninia are found 
in Africa, Asia minor and southern Europe. 

Isracl In-61ilut fo lnI iLhdal MI-t'arch. P 0. 
Bo\. IIav5.1) Y-S-ZihIa. 
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Ticks can damatg, their hosts in fol ways: 

(1) They are are voracious blood feeders, thus causing retardation in 
cattle ,',,ciz'lt ain a ,ell as in nilk production. 

(2) Tick. daiimge hides by making pu ncu'lure wotiil; with their 
nllouLh0 1iIs. ThIlcse Wo i nd,; a rk, frq uct it 1Y exacerlbated by 
locali.ed tissue reactioii tts\hich lit aninmal responds by 
lickian. kicking and scratching,. Frequently, tlilt becom-te\v\l()itus
septic and alsbh ovlor.)eOniemay a-t 


(3) Ticks can inject toxins via ticir saliva which, in the case of some species, e.g. Ixoh Ii:hlhdve luos ,nd !.ru licull (ills. can ive 

rise to severe !a at s. In the casel iI aIlI mnma trmu theaturn,
toxins can cu'. sxvt&IJ sickns:s. 

(4) Ticks can transmit cc,'ai })rokozoan dis ea.s babesiosis, 
anapasmosis. an tiheileriosis. hI'iese diseases often prove 
fatal, na,.ticth,,ry to non -imm unized stock. No effective vaccine 
is avaiIalie for some of thes'e CisCases. 

Control of free.lvling4 :tages
 
Attempts 
 to control tick.,; h'ave been directed at the free-living 

stages on the ,aIture. a.; well as against the parasitic stages on the 
bovinc' host. Only the latter attempts have so far met with any success. 

Burning-off g,,ssland ian attempt to kill off free-living tick stages

and removing alternative rodent 
 hosts have not proved practical.
 
Treatment of pastures with aca'icides may have some practical merit
 
in restricted areas; obviousiy the treatment of vast 
areas of grassland 
is out of the question. Pa.t attempts at bio:ogical control by the 
the dissemination of tick predators have proved disappointing. Attempts 
to starve the frec-livinu tick sta-es by removal of their bovine hosts 
have been made in Au:tralia (Wilkinson, 1955). But this "pasture 
spellinr" is fcasible onlv where alternative hosts arc not present since 
free-living ticks can survive many months of starvation. In addition, 
this method imposes strain on the economic use of the pasture. 

Flooding tick populations with sterile males does not see- to be an 
economical control method. Adult irradiated ticks cease to be competitive 
much earlier than normal ticks, as they become asplrmic dtie to 
inhibition of the spermatogenic cycle (Galun et al.. 1974) 

The free-living stages must attach to their hosts in order to feed, 
molt and produce eggs. They tend to aggregate in huge numbers on 
several blades of grass, awaiting passing hosts. It is;suggested that 
these huge tick aggregates occur as a result of assembly pheromones. 
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Identification of such pheromones may help in the control of the freeliving stages. So far assembly pheromones have been demonstrated onlyfor soft ticks (Lealhy et al., 1973) but their chemical identity has not 
been elucidated. 

Control of parasitic stages 
Effective netho(l.s of limiting tick depredations have been achievedby treatment (J t h infested bovine host with acaricides which areapplied in one-, of 1,, ways, either by dipping- cattle or b sprayingthem with aqli(,os sol ut ions or stspenrions. Recently, some compoundshave been d(,,,.- 1d which arc ioured onto the cattle, absorbed, and

exert their vffcct(' s enyieall. 
Tick 1p pilat ioi I> hc:tvc, stenly(ojlS been shown to po:.;se::s a gerneticpool cont a ini1g the ilial topt( resist a wide range of chemicalpoisons. TIe in troduction of a acaricidenew followed by its widespreaduse has ali t co frequently resulted in the appearance of a, tick

population reistiaat to that chemical. In various parts of the worldlicks have l)rogressively become resistant to sodium metarscnite. DDT,BHC and Ioxaphene. Since the mid sixties, ticks have shown resistanceto o(xganoplhsphorous compound carbanamtes (enders et al.. 1973). 
It is obviously desirable that an alternative a)proach withoutreliance on chemicals be developed. One of tie possibilities s eggcstedby the Australians was the use of cattle resistant to tick infestation(Wharlon Pt. al., 1971). Only a few ticks reach maturity on resistant(attle and most of the larIvae are riseted witlhin 24 hours of parasiticlife cycle. The major factor in tick control i0 an imnmnclo, icalreaction (Roberls, 1968). Cattle infested for the first time are initiallyhighly su sceptible. After several days of exposure ticks degree of
resistance is acquired. It is like>y ihat 

to a 
the immune response of thehost causes rejection of ttle larvae. Such rejection night result fromdcamag, to the larvae by host factors ingested. neut ralitatio offeeding enzymes, or alteration of the attachment stie by host reaction. so that it becorn(s unsuitable for feeding. Resistance of cattle to ticks 

isspecies specific. The degree of resistance of an individual animalis heritable and therefore innale, but the stimulus of tick infestationis normally required before the resistance is mani lest cd. Roberts (1963concluded that a Successful vaccine against cattle ticks was
feasibe, as each anaimal 

not 
woulld develop only that degree of resista nce

for which it had the innate capability.
 

Selection 
to raise lcsistantC of British breeds to B. microl)lus is a slow 
process as resistance heritability is low. It has therefore been suggested
that British breeds be crossed with Zebu (Bos indicus) since Zebu 
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cattle and B. microplus have been associated for thousands of years
in Asia and a state of xjuilibriui between host and parasites has 
evolved. In iFhailand the Philippiines, I. ilicus cattleTai and 
are iMfov.ed Iiilv with a vcry small numbetr of ticks (\Wharton et al., 
1971), Cross 1.,'s A Zebu 4enrally -ow adequate tick control, yet 
the variability is 'r"n"t amI ti'ere is a need to climninate ile more 
susceptible animals. In co ties like Austraiia where there is only 
one tick specits of majorcwCIiom ic inllp)ilc silc lilln for resistant 

p1VOIably the :Is t uncattle wili provide ffe.t long hnt "otlttion for 
licl- control (S> n1IIl. 1974), However, in many tr'opical countries 
where penctie .rovement heing Stoght througti the leduct ioni'.iTO is il 
o, Europoan stoek. there is the A.n0ger. that ep'laCcmimit rf IL imdicus 
by B. taurus gene s could result in increased mi-sceplibiity to catle 
ticks. The prezctmco i several species of ticks other than B. niicroplhv
and of sevcral associated tick-borne diseases are added cormp1iations 

Iiiiltiiization of cattie a'ailist tick hlmrmt 

We would like to suggest. a new approach to imnunization of catlie 
against ticks by producing in the cattle specific antibiodics against 
developmental hrmones of ticks. 

It has Iona been known that specific antibodies are capable, under 
:appropriate circumstances, of neutralizing many biologicaily active 
macromolecules inclding toxins, enzymes, peptide hormine; and 
others (Buter et Al.. 1973) . Specific antibodies were reported to 
reverse established cellular effects of insulin and thyrotropin in vitro 
(Pastan et al.. 1966) . Recently, antibodies were also reported to be 
physiological antagonists to low molecular weight molecules such as 
steroid hornones, pvricoxall phosphate, histamine, serotomine, 
chloramphenicol, and cardiac glucosides (Butler et al., 1973) . By 
virtue of the specific antibodies' capacity to bind these substances, 
they inhibit certain phyvsiological effects of these compounds in vivo 
and in vitro. 

The growth and matuiation of insects (and probably of licks a;i 
well) are governed by three main hormones: brain hormone, .juvenile
hormone (JH). and eeysone (NH) which are responsible for the 
complex series of molts that, these arthropods undergo durilig their 
life cycle. The molts are regulated by the brain hormione which 
activates product ion of the ml ling hormone, edysone. Chaniges in 
titers between juvenile hormonp and cdysone trriie thec nature 
of the newly molted arthropod. Early in the life cycle relatively large 
amounts of juvenile hormones are present to maintain the juvenile 
state, and ecdysone level is low. As the molts progress, the juvenile 
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hormone titer decicases while the eccdysone level increases, until 
molting into the adult is accomplished, at which time the juvenile
hormone has dropped to undetected levels and cedysone reaches its 
maximum. 

'The chemical nature of the brain hormone is not yet known. It 
is assumed 1t be a Irotein (mcl. wt. 9,000 - 30,000) synthesized by 
neurosecretory cells in the brain. Pure preparations thisof hormollne 
are not yet available. 

Three naturally occuIrring JTl have been characterized. These are: 
sescjuiterpenoid. sn-called C,. JIt 1.C,7-JHI 2 and C,..-JH 3. Figure 1. 

Figore I . Structure of :,) .Ill.naturally occurring 

Ci; Jl Et P?Hl Et 

RR2COOME 
C 1-, JHR1 Et R;2 -Me 

C0,1,-JHR, -MeEz =Me
 

Antibodies to Cl,;-JH have been recently produced for racioimmune 
assay of this hormone (Laufer et al., 1974). By conjugating the 
hornone to a large carrier protein (such as human serum albumin 
(HSA)-via the N-hydroxysuccinide) the hormone is rendered 
heptenic and can elicit an immunogcnic response. Rabbits injected 
vih this conjugate produce specific antibodies at a titer of 1.8 mg ml 
blood. OnlyIJH anl very close c'pn-v derivatives react with the 
ant ibodies. 

B ecdysone, the molting hormone (NH) of arthropods, is a 
polyhydroxy steriod with the following formula, (Figure 2). 

Figure 2. B ccdysone. 

OH 

oOH B Ecdysone 

H 
 150
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For the pu rpose' radioimntiUne assay, antibodies against this 
Ltormonc ha,.a-, r.:: , been produced (Borst & 0' Connor, 1972; lanfer 
,t al., 1974). Bc,rst and 0, Connor produced tht' conjugal e edysone
bovine serum AIb 0im (MA). by first cnvertine-, H,e ecd,.:mo to the 
oxime acetic acid et her. TD e oxin1,o derivative is co.uple" to lISA by 
way 	 of the isobulv\'hlorofo: :,a. 

Laufer et al., t1974) produced a haptenplUotcin conjugate of 
hemisuceinate derivaliv B with Theof eedysone ISA. antibodies 
produced were highlv s cific. Compounds lacking hvdroxyl substitute 
at the C-20 po.i:.ion were nol effective. The last method seems to 
produce mere sp: ifi, antibodie. 

Radioimmume assay ef cedysone is already ill 	 use in several 
laboratories, yet theo ,ysio'ciical fIfects of the antibodies insecton 

decelcement 
 have not been studid. We b,_lieve that if antibodies 
against a-y,- f th, three h,lmcne: already mentioned can neutralizi, 
the ph iohgical effec. (4 1ie hormones in vivo, then cattle can be 
immn-unized against the t ;k horlOes and this method can then be 
used as a 'ainetcontir)l ticks. 

There are -.eviral reO5sows tv lelieve that such a control system 
might be effective against ticks. 

(1) 	 Many species of ticks are almost exclusiveL!y monophagous, 
and feed on:y on domestic animals which could be immunized 
in a given area. Thus, every single tick in this area will 
will presumably I). affected. 

(2) 	 The blood meal ingested b a tick is about 100-fold its own 
weight and thereore there is a chance that the amount of 
antibodies ingested with the blood meal might be sufficient 
to neutralize thr, hormones. 

(3) 	 We found tl a. a ',nsidurable amount, of the Y globulin 
ingested by tipkaes I hrough the gut wall seroogically 
unchanged. This may be related to intercellular digestion
typical of ticks. Thus, it may be assumed that enough of the 
ingested antihodks will pass through the gut wall into t ilt 
tick hemolymopl wher, 1h, shotild interat vith the 
hormones. 

(4) 	 As these hormones are common to lhe whole group, a 
successful method for one species will nost probably be 
effective against other cattle tiek species. 
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Control of Livestock Pests l)v 

Insect Growtlh Regulators 

(Part I1) 

Rachel Galhm 

The 	major pests of livestock are: 

(1) 	 Biting flies (bloodsucking). the horn fly (Haematobia), the 
the stable fly Stumoxvs). horseflies and a few others.

(2) 	 Non-biting flies: house flies, face flies, cattle grubs
(Jpodvl-ri 1). lhermatobia,various bots (Oestrus, Gastrophilus). 
and 	molc. 

(3) 	 Biting lice (lohvicola) and sutcking lice (laematopinus, 
linognathus i( Soleflo)otes ) . 

(4) 	 Mites: Sa rropte- , Itorergates. Psoroptes.
(5) 	 Ticks: mainly Amblyomma, lophilzs, llaemaphysalis, 

I Iyalmina-, Ixodes. llhipiceplials. 

All of these pests dcvelop during at least one stage (either aslarvae o1 adults) ini the manure excrctl-d by their host (various fly
larvae), in the ti-:ues, feed )n the blood of' the host. 

Many of the common insecticides such as the chlorinated
hydrocarbons, organophosphates and carbamates, which ar, applied
to the livestock directly, to buildings housing animals, and to the
animal manure, are rather non specific and could control most ofthe livestock pests. Yet they cause contamination of the environment
and 	of livestock products and some also have a relatively high toxicity
to the host animals. In addition, insecticide resistance has developed
in many of the pests. 
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The emphasis in pest control is now on agents with less persistence, 
greater specificity to target organisms and very high safety to tlhe 
environment. 

Increasing he s-pecificity of it ilstcticide him1lits itS ovcrall market. 
The expenses involved in the dc(elopnie ( )Ita an insecticide alld in 
the elaborate rcisrtation requirenIents for a new isecticide. ar' the 
same whether: he insecticiCle has a .small Lr a lar ma rk(t. The 
industr- is. threoe euctant to dtv'lop llalOv s)ctrlll: pes icides; 
unless tihe'o1 ~ezs of ma jor tconoinic importance (Djerassisee,,i is et 
al.. 1974). 

I, therefore. ieelieve that the development of centrolI n ItIodS 
against livestock pests should be aimed aLtfinding tle same control 
agent which will be active against all pests, yet the agent should be safe 
to use on animals and also have a minimal contaminating effect on 
the environment. Such a control agent may perhap.S be found in insect 
hormone mimics, currently referred to as insect rowth IIrgulators 
(IGR). These lack the extreme specificity of phtrlionn 's therefore, 
their comn.,ercial applications are clearly widcr Their unique 
bicchemical niode of action appears to their effect t.,aliniit member
of the phylum of arthropods and perhaps also to Htelminths (Muffic, 
1969; Shanta and Meerovitch. 1970: Davey. 1971: 1,ogers, 1973), while 
rendering them areltively innocuous to man and other animals. Recent 
studies have indicated that some of them are les toxic an(d 
persistent tihan chemical control agents currently known (DJerassi 
et al.,). 

It is proposed to exploit the lact that the pests to be controlled feed 
at the right stage of their development either directly on the host or 
on its feces. Thus incorporation of growth regulators into the feed 
of the animals will bring all these pests in contact with chemicals. If 
one mode of applicati n using one compound wilt suffice to control 
all the pests. the high price of the ch:mical will at least partially 
be compensated by the cheap treatment. 

Incorporation of cliemicals for the cnt rul of livest(ock pests into 
animal feed has been under experirnentalion for many years. A project 
of testing systemic insecticides against ticks, screwworms, lypoderma, 
Oestrus and a few other parasitic arthropods has been going on for 
years at the USDA laboratory at Kerrville (Drummond and Graham, 
1965).This program has been maintained in that laboratory since 
1946. A great numb.r of compounds have been identified for their 
systemic proppties. In the process of adding insecticides to cattle 
feed, Drummond et al. (1967) found that larvae of the horn fly 
developing in the manure of treated animals were controlled. These 
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studies proved that oral administration of certain insecticides was a 
practical inans for controlling ticks, sucking lice, grubs and s ome fly
larvae in the manure. 

Some insect, growth r.ulator.s wlhe.n added I) fly breedin,, media,
proved to have ioril)hoseetlic eltec t - oi tlie fly Iarvae (Writh et al.,
1973) and were immediatel v sted their ciffectfor oil the Ov'vcloplen t 
of larvae in i''es of Ibovines tr'alt d o'aily with IGR (I -iris et al.,
1973). The carly sucess of [lii: met hod eotiragied mnaly Investigators 
to screen the activity of ju,venih.c hormone mimics as feed additives for
the control (ifdlun2 iie(ding liptcrous larvae. Yet. unliko the studies 
on systh ani insect iises, these sldes were not extended to test the
effect of these eompou nds, applied in the feed, on tie control of pests
developing iisid(, r on 11he b-lood of the treated host. 

Applicali(.,n o1 chemnicais which ais biodegradable to food additives
limits the dansl.r lo the environment and may affect mostly non
target insect fatna which develop in bovine fecal parts, i.e. mostly
Hydrophilidat and Searabaeidae beetles. The wider the spectrum of 
the IGR, tHie more effective it is against these beetle,. Thus
methoprene (A1itosid - ZR-515), which is more specific against Diptera.
did not affect these beetles, while TI-I.6040, which interferes with
cuticle deposition during molting in a large number of arthropods, was 
also active against several species of dung be etles (Pickens and Miller 
1975 n 

It is quie likely that itwe \vaiut to use a single compoun d for
the control of helmi nt is. ticks, lice and various Diptera. it will have 
to be one which is less selective and might affect some non target.
insects in the dung of the treated livestock-yet it is expected
to be limiled and short-lived du to the biodegradarion of IGR. 

Post elryonie devclopnlet and maturation of ins:ects are conlrolled
 
by an endocrine system and are 
based mainly on the interaction of
 
two sets of horlllies: the molting hormllones-the ecdysones which
 
stimulate nmolting juvenile which
and hormones control and limit
differentiation or metamorl)hosis. It has long been proposed that
either one or both of these insect hormones may be potent insect. 
control agents, with many advantages over commomy used inseetides. 

Even though the possibility of using the moll ing hormones as practical
insect, control agents has not been ln'rsud, it does merit serious 
consideration. The polyhydroxy steroids may interfere with immatliure
molting, ovarian development, embryogenesis and diapause. Of the
natural eedysones, 20-hydroxyccdysone, when toadded bovine blood at 
a concentration of 0.1 percent inhibits ovarian maturation in the 
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housefly and stable fly (Wright and Kaplanis, 1970) 'The synthetic
analogue '2,'25 -bisceoxyccdysone in addit ion t a inhibit ing reproduct ion, 

also inhibits larval dCve'opnment in 10e lthusefly when incorporated 
into its diet at 15 25 ppm. 

Diapause ,, larvae of ti', t ck lDcrniaccntmir ilhipictils was 
terminated by topical appl icatmiO, ,. col(' iw iflu lt' (A c1 : tfldo A: 51 
chelestence-2M. A3. l4.* -tlrol- i.Wright. 1969) B ('dcysoac. 
ponastone A ',nci ilmkost cron. v1nCl1 fed to il,' lick 4)riiithldlo'os 
i10oIlltta. .dill in a Contcentr'atioln ,.'l.5 - 10 u>, ic blod. l)Ccl' lLtCI 

.: !peimolts.,''death. They also caused mat ing.. in nmn nm in, 
partially fed itvmphs (Kitaoka. 1972). It was batcr found l lacta!O at 
the International Center for In.zect BiOooy and EcoLao,.v I C]t:;E) H},at 
the super-molted ticks retained their rcproductiv, p. ici t, and if 

,offered a second blcod nal they took a arger Inoal and prOdUl 'd 
a larger number of cgo. Further feeding with ecdyson, induced a 
second suprmolt of giant healthy ticks. Thus, ecdy sone and 
phytoecdysone cam cause death or precarious molt of nymphs. but can 
also produce at certain concentrations, "saluer" ticks. 

Insect molting hornones and hornone antagonists hav, not 
proceeded beyond the stage of laboratory research and at l)resent 
appear to be outside the realm of economic feasibility (Djerassi et al.. 
1974). 

The use of modified inscct juvenile hormoncs reached the stage 
that by 1972 the first application for an exp-rimental permlit, for 
control of mosquitoes was filed. It would seem, therefore, much more 
promising to study the feasibility of use of JH mimics for Il control 
of livestock pests. 

Diptera 
Most of the practical results obtain:d with insect growth regulators 

have been with Diptera. The data were recently reviewed by Staal 
(1975) and will. therefore, be mentioned here only very briefl.y. 

The inhibitory activity of IGR on emergence of adult muscid fiies 
has been demonstrated by topical application of wandering larvae and 
untanned pupae, a:swell as by treatment of larva! media. Methoprene 
(Zr-515, Altosid) causes extremely high non-emergence activity. 
Incorporation of methopene into the reari-g tdium a! 10 
ppm shows eff(tive control against several st rains of Mscm 
domestica. But against insecticide resi tant strains, concentrations of 
up to 250 ppm are required (Jakob, 1973). Even more sensitive to 
IGR than . domestica are the horn flies (llaematolia irritans), the 
face fly (Mlusca antumnalis) and the stable fly (Stomoxys calcitrans), 
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but there are substantial relative differences for these species in 
susceptibility to different tyvpes of compounds or variations within one 
type of compnound Harris et al.. 1973: Wrioht et al., 1974). 

Figure 1. Structtire of moitholee (Altosid). 

Poor conttil of flies is obtained when manure is superficially 
treated with IGR, presunably becaus2 penetration and distribution 
of the ('hcmi(!als are poor. Oral administration of IGR survives the 
digestive trarrI, mixi ng throt I mantire and may be assumedheI. to be 
homiogenoU. This has been Iroven to be a successful procedure 
(Harris et al.. 1937. MilleT and Level 1973) The practical realization 
of this procedure will depend pnirnariiy on con siderations of cost and 
of safety of Wtle animal and animal l)roduet: for human consumption. 
A dose of 0.7 mg of methoprene per day cow provides full control of 
horn flies, while 100 mg per day per cow is required to control stable 
flies. The residual effects of the treatment are qutie good: flies cannot 
develop in manure cI leed up to eight days after the :ast feeding 
of IGR. 

Since the early experiicnls wern all MYene, with simple emulsifiable 
formtlations, it is likely that suitable formulation could improve the 
efficacy of passage throuh the alimentary tract 

The field, activity, sp.'eificitv, degradation and toxicology of 
methoprene have bon intensively studied. When mice. rats, guinea 
pigs or cows are treated orally with methoprene, it is rapidly metabolized 
and eliminated via the urine, feces and expired breath. Some of it 
passs through tle digestive t.ac unchangcd, and this, as has been 
mentioned, is sufficient to inhibit fly development in the feces. I 
have no data as to the level of metlopren. iW plasma and tissues at 
various feeding regimes, information that is important for studying 
its potential for control of other diptera: grubs, bots or screwworms, 
in the treated ho.t. Basically. as methoprene shows activity against 
many dipt era, it cou d affect these insects as well, provided that the 
proper coc('Iertittaion is inaiitaited in the host tissues. 

Recenlly, exceptional activity of TGR having an arylterpenoid 
structure,. was reported ini mi scid flies Schwartz (tal., 1974), Figure
2. A dose of .25 ni, k ,l bodv 't day was sufficient to produce 100 
percent, inhibition of face fly eclosion. stable fly and hornfly. Yet 
these compotHIds, which have the highest reported activity against 
muscid flies. are not active against Tenebrio or Oneopeltus, and it 
is possible that their spectrutm does not include lice or ticks. 
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Figure 2. An IGR containing an arylterpenoid structure. 

Lice 

The chewin._: louse, a pest of domestic animals, has received considera
ble attention. Chamberlain, Hopkins and collaborators screened a great
variety of compounds in several ways on Hlovicola limbatus 
(Chamberlain and Hopkins. 1970: Chamberlain et al., 1973a: Chamberlain 
et al.. 1973b): Hopkins and ChamL rlain, 1972: H-topIJins t al.. 1970).
Th-y conclu(,aiht tht la:< min instar iK; the , ensitive slage
and that 50 pprn of JH 1 and JI-I 2 in the diet preve!nts metamorphosis
and reproduction. ZR-S512 a 5 ppm is lully effective. This mcans that 
0.1 mg t ,of this compound per goa administered pidical ly. ;hould
give sufficient contro> Yet it is very doubtful if this species could be 
controfled by systemic IGR, as sys!emic insecticides do not control 
it either. 

Sucking lice (Anopleura) of cattle have not been studied with 
IGR. Oui information is bastd only on studies with the l'Ian body
louse. Pedicutls humanus. Vinson and William,. (1967) stludied and 
observed tri, effects o a inydrechlorin aled farnesoates mixt urt on 
embryogesi s and metamorphosis, which leads to bighI mortality
whcn populations are exposed to wool fabric im)regnatedl with this 
mixture. Some of th. lice which survive ie hil dose develop into 
giant supernumeraries. This of course casts doubt on te aus of these 
compounds. Bagley and Bauernfeind (1972) mention ovicidal effects of 
RO 20.3600 but state that the absence of immediate effects may
preclude their use for public health purposes, but not for veterinary 
purposes. 
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Effects of incorporating IGR in the blood meal of lice have not 
been studied. 

Ticks 

Staal (1975) states that IGR have not been reported as being
active against Acarina (mites and ticks) at reasonable dose rates, lie 
further splculates that this group of arthropods may rely on 
mechanisms or regulation of metamorphosis and reproduction
different lr, those insects. have am of I mentioned few cases where 
eclysone was shown to :y'rminate diapause and initiate molts in ticks.
Information on the ceffets of II and its analogtues is;rare. Yet it was 
rcCently shown that one o)f the JH analogues (acetaldelivde, 2-(2
etoyethoxxy' e hyl-l)-(not lyll 10) phenyl acetate) indce.d diapause
termination, vitellogenesis and oviposition in female Argus ar|)orClis
Bassal and Roshdy, 1974). 

Several JII analogues were tested for their effect during
embryogenesis of 1l1alommna dromedurii and molting in nymphs of 
I. drornedarii, Hlaenifl ysalis longiuornis and Dermacentor andersoni 
(Bassal, 1974). 

The compounds were applicd topically to females on the first day
of oviposition. ZR-512 completely blocked embryonic deve.opment of 
eggs which were at this stage at the time of application. F, larval 
mortality after application of ZR-512 to parent females was 100 
percent. 

Other JH analogues were less effective than ZR-512. Bassal (1974) 
reports on the effects of JH analogues on molting of several species
of iard ticks. Mrs. Mun,,o at ICIBE treated Rhipicephalus appendiculus
females by applying JHA topically after they had completed 
engorgement. and none of the thousands of eggs hatched. 

Not enough work has been done far on ticks be ableso to to 
conclude that they are not affected by IGR.The fact that Ornithodorossupermolts after ingestng cedysone but is hardly affected by topical 
application, may hint that oral administration of IGB is much more 
eetive than topical application. At pres:nt, proposal aims are for 
trealing ticks by feding the host with IGR: tests should be conducted 
by feedin'.- candidate ecmpoundP to the ticks, 

it- liiinths 

The life cycles of nematodes are similar to those of apterygote
insects. II would be reasonable, therefore, to seek in nematodes a 
system which involves a molting hormone and JH (Rogers, 1973). 

169 



It has already been shown that ecdysone, JH and its analogues affect
growth, molting and development of reproductive systems in nematodes
(Johnson and Viglierchio. 1970; Shanta and Meerovitch, 1970; Davey,
1971). TrichineUa spiralis males show inhibition of copulatory
appendages in presence 10' Mthe of - 10 farnesyl methyl ester 
(Shanta and Meerovitch, 1970) 

At present a screening program (,f the effect ; of JHA on free-living
nematodes is going on at 1w USDA lb in BIetsville, Md., but tothe best of my knowldge t,here tutv elen ill menihouical screening of 
livestock parasitic worins. or w1w I'f TG' m Oi se worms when 
their host has been fed JIA 

Conclusion 

In order to have a iicals to control 
livestock pests. it is propos;t , . x.t.. ' ,.ev eloped which
will be effective againei! a;l l 'c,. ; , which inhabit
the living animal or its f,7,,; C:rt . , :. :n wil then be 
limited to one chernica! 
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Summary of Papers Presented by:
 

Alexafder S. 7la/ori 
WIFch( ! Galu 

Dr. Aart van Schoonhoven (CIAT, Colombia) asked if Dr.
Alexander Tahori (Israel) had any knowledge about resistance to 
JyrethrUni or if it would develop. Dr. Tahori replied that it alreadyexists in some fly lines. It was found in Africa and will possibly occur 
in other inseCts. 

Dr. Gavin Braithwaite (ODM, Argentina) suggested that, in cattle
with few ticks a strategic method of dipping can be continually utilized. 
ie asked if in such a manner the life of an acaricide would be 

prolonged so Ihat, althouuh resistance would not appear quile as soon,
when it (lid occur it would be selective.
 

Dr. Talmri indicated 
 that although he didn't have experience in
that respect, it is true that with a bigger tick population the possibility
of some having the genes for resistance is gre.ter but he added that 
this is only a theory and he (lid not know if this would occur in 
practice. 

Dr. Marcelo Rtojas (Peru ) thought that to isresislance acaricides 
due to the use of small closes and the residual effect of the chemical 
and he asked how long a particular solution should be accepted as
useful for dipping. Dr. Tahor' belived that theoretically, the solution 
that kills 100 ercent of the ticks does not allow resistance to develop.
If this is compared with lautlicr that only kills 80 percent, the
acaricide gets dirty and loses pow.er and selection of a resistant 
)opulation occurs. A mortality of 100 percent must be maintained. 

almost independent of the concentration being used. 
Dr. Stephen Barnett (England) said that geneticists have noted 

that, when attacking a small population there is less selectivity for 
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resistance than a iig,,cr population and lie asked if it would be of alv 
value to altcrnntc acaricidcs. Dr. Tahori noted that every acaricide 
Coil] ponInIllnt nlc . a dctermilnae lnumb ,r of generaioli.ii to induLT 
!esistance, i usin,, two differznt products, resista nc will bc 
developed vhrtt1 a}waunL.)cb of partial geeeral ions required are added 
up. lie noted tIat th, is .- 1v,)Iv aI.nd apparently itdo,.s not happen 
in practice. 

Dr. Rachel Gallun Israeli stated ihat thcre was a group of acaricides 
that makes ticks drop to the ground. D', Rq.,er D'rumond (USA) added 
that some work has bWc1le witlii1 ' ali allhtt Gallierorne which 
is not specifically toxic b iinkes lick i, morc suscept ible to 
acaricides. These ,,'is wt, inifiato vit h '.;prIk1 Fena 
miadines in Aist'l i:,aH I- < ', eCt:ed i hal it ,\)uin0 usefulK be 
in the ease C, lick rc-iisanctr It ! .r iiidc. It works, better with 
I 'ks with short hypostones, bulH it toxic to bovints. Dr. Tahori, also, 
added that tl,: Gallicro,, cCrui'o(Iu s ai not stable; tlie are toxic 
and for that mwi ' h not oinwrcialied.hey bt. ne been 

ILi'z (eo!omtbia, are 
organophosphate:- wvhich change their radicals. ie asked if the induced 
"esistance cov,,rs 

Dr. Nestor ' indicated thal there some 

the whole group 1 r dene: s on Ihe radical Dr. Tahori 
replied that #,:noral resistance is not induced; retsitance is induced 
ony to cer1 :i.Un sc ie r.n',oii? ; ()l that grOut1. lie als-) mentioned 
cross re'sis , wi lul(tI_ di gitr _]j2in.- Cq .oi ,f irnnt 

Dr. Alfii.:, L:-cobar WCOOPE-. Coum1bia ,nquired ii induced 
resistance ",vtre revsibl I)r. Tahori state d thIat tick resistance to 
acaricides has oniv uni'.rlU i:n A tralia. It has been a stable resistance 
and they have been waitin' M its reversibility After ,esitanceen 
develops in the donestic fly, A a's disappears. but if the insecticide 
is used again, th iesi t nr. (cars back. 

Dr. Fat)i Galv,: (,icr nnia asl . u to what compound are ticks 
res stant in Au.tralia. D. Tahi; mun ioncd that ticks are resistant 
to chlorinated hwirocw, raj and orgiano)hosphales and to practically 
all the acaricids with 5 ., 0Ir, t the "spike" rnentioned before. He 
b-t-:ieves that ik.4, 'vi: c ;(, re.si;tant to all acarieides. 

Dr. Joio Gonzali,_z I .>ugestugan ed ihat there is data to con tradicl 
the idea that there are cumr individuals carrying,, the resistance gene
in all tick populations. H, askd if it is credibl- to accept that the 
gene can code multiple reista-me infinitely. He also, asked if different 
responses hay,: been found to rssistance in the laboratory and in the 
field, and if there are different types of acetylcolinesterases in ticks. 
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However, Dr. Tahoi notcd that th,,development of resistance to 
multiple products (IOs !lot ii-iean1that the same gene coder; it. Research 
is directed po(i. to elizvinatic t1l (,enetic aspects. i-sistance in the field 
should ot I)e di!fferenIt tian thi in the laboratory and he considered 
that if it wei'4 it.would I)e due 1 human mistake. 

Dl. Alfonso Lanclhei-os (Col() .) inquircd if tick resistance were 
correlated to the breed of catth. which itparasitizes. Dr. Drummond 
thoughl Ithat tick resistance was a creation of man, clue to the wrong 
dosages of aca icides. As far as cattle of diffe rent, breeds be:n e; rcsistant, 
he -tal ccd tha, tlhis is inh rceolt to each animal.. Tlice two resistances 

cIrc not related. )r. BrIIh waite sugestedHotvever, z that in Argentina, 
stu i( of cattle resistant to ticks indicate that those that are resistant 
have a Iiel,hc cholestrl contnt !han resistant cattle. 

Dr. Drum mond sug,,.sted that Ihe use Of clelicals in cattle 
feed call lave imp)ications of contaminmation of human diets and 
a pc ssitle resistance can be expected from arthropods treated for a 
long tim,. iHe sul-ested that the same mistake should not be made which 
was done in Australia. There, the indiscriminate use of acaricides have 
caused serious pr~oblems wilh resistance. Dr. O.G. Graham (USA)
agieed that on must be aware ()fthe different ecological zones in 
wh ic.h the situations and modus operandi are completely different 
and stated that the exposition madt, by Dr. Galun importantwas 
I)ecaulse lie conventional methois prest ll u.Sed for tick control won't 
last much loneer. More developed methods will have to be implanted 

Dr. Jo st, PayLco ilolivia) asked if anyone had studied hormones 
of the Boophilus. However, Dr. Galun did not find any references to 
them and Dr. Drummond suggested that studies have been concen
trated mostly in the area of the three host ticks. 

Dr. Stephen Barnett (England) inquired about the stability of 
pheromones. Dr. Galun stat.ed that some are stable and others not. 
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The Contribution of the Basic Scientist to 

A'\rt hropod Conitrol 

Kenneth Thompson * 

Dr. Sanmartin commented quite correctly on one point I would like 
to reiterate. We have to consider those who are really intcresled in 
their field (work) for advanced training. This means we must not 
alway:; select grades but ability is also of prime importance. One 
problem with which we are confronted is that the new Ph.D. has book 
knowledge but Jacks practical knowledge. That is, he isn't, taught
from the -round level to book level but only book to book level. Therefore, 
as Dr Saimmartin states many don't know how to make microbiological
media, although they are adept at using the electron microscope. 

Another point is the relationship between Ill, basic scientist in 
the laboratory and the field personnel. One has the task of identifying 
the field problem and taking it to the 'aboratory, while lh! other 
must find a paciceal solution and return to th, field with something 
that works. 

The contributiro to 
undoubtedly he in one of 

art hropod control 
the following areas: 

(or eradication) will 

1) Acaricides. 
(2) Genetic Con 10l. 

(a) Steriliziug agents, i.e. ionizing irradiation or chemical 
sterilan s. 

(b) Hybrid sterility. 

• 	 Acarohogist. I iit,.d kil oj lOver.-cza Dt'v,'lopm ni' Miiuitrv Special Project.Cv'ntro Inter'avional do' Agriruthura Tropical (CIAT). 
Apartado Aevei 67 13. (ali. (Coombia. 
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(3) 	 Hormonal agents. 
(4) 	 Alteration of the environment (Effects on grass are still 

unknown.) 
(a) 	 Pastilre "pelling. 
(b) 	 Environmental manipulation. 

i.e. 	ground fire: defoliation ot hcrbagC: clearing of land. 
(c) 	 Area control with toxicants i.e. ultra low volume 

application of OPC or carbamates from planes or 
helicopters. 

(5) 	 Breeding of resistant cattle. 
(6) 	 Findin- a new anti-en source for immunization against the 

tick. 

The 	contribution could coine from the fi'ld of taxonomy. For one 
thing-, the keys we use are. for the most part, o'd and erroneous. We 
need newl, up-dated keys in Spanish or -type species" from the 
same tick o s hat all countries will be able to compare their 
Specinlens. 

Tick distribution maps would list all ticks and hosts (wild and 
domestic animals) within all countries. 

A comnlunication center v.%;uld rceive information or advice from 
all countries or just disseminal c,'s of a discovery between each 
of them rapidly and accurately. 

Simply. the :cieiitist's cont ribution should be "to find the most 
economical. most practical control method in an ever changing host
parasite relationship". 
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Summary of tie General Discussion of the 
l ntomological Nceds of Latin America 

blissiot ,'/umirtn1ttt1: Joao Cotz4loz 

Dr. Jose M. Payno (Bolivia) asked for a consensus on common
problems. Do'. Antonio Ibafiez (Paraguayv) indicated the necessity of
identifying areas of priority such as tick distribution maps and
training of people in tick taxonomy. Dr Gonzalo Luque (Colombia) 
added that there is a need to review tick keys. 

Dr. Ivan Londofio (Colombia) stated that studies on bitelogical
control mu;f be intensi fied. Dr. Gavin Braithwaite (Overscas
Development Ministry, Argentina) noted that the bio-ecological studies 
being carried out now in Latin Anerica, need to be unified. Dr. Payno
stated that the economic lOss factors for tick and tick-borne diseases 
must be studied. Dr. Marcelo M. Rojas (Peru) added that the economic
 
impact of (Nctolarasitcs an Zehu must be
also st Idied.
 

Dr. Payno noted, howvsr, thmt there 
arc financial problems within
 
ILatin American countries whicl 
 limit them, and furthermore, other
('Otlllio."S ale lhot \\orkile, vwith Bmtophil,4 miroplus. Dr. Lonldoflo 
futlter asked how it w(mi ho l(..wille to get eelopAi'ite information 
whTv tihere is none in Lar Amricani countries to qive. Dr. Hrculano 
(-nh' oluay) ()'lII lieUr .uIa mpI isized necd br international help

ia tn.cnir(al pni ka e and , coLcludec that CIAT and FAO could
ihtl 1) vyiIssem inatin() papers from all over the world to Lat in American 
count ri,., Di-' Ralph Brain (FA. It aly suggestcd that FAO n oded 
aL reT:ol !li(I l 1(0c0eti a ,10tobal icidc 't'sist ae monitoring progralm
I.a itin Anorica. Ih also indicated tit,need for a Centerl that. cal

main taoini tick species f'or a !ong,tine which slould be located in the 
rcntr where tilt,ex)ertise call be found. Dr. .o.-o Gonzalez (Brazil) 
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em)hasized that Latin problems should be solved by Latin:s and he 
defined CIAT's ro'e as a Consultation Ccnter. Dr. Ilelio Noguera
Espinola (Brazil) noted that Brazil hasal;o that expertise in tick 
taxonomy and has collections of insects and ectoparasites. 

Dr. Brain stated that subject to the request by the participants 
of the ectopa'asit-- workshop. FzO would consider establishing a 
regional center for tick taxonomy available to all Latin American 
countries. The countries request and FAO will thencan aid support 
rcgional projects in a taxonomic center. 

Dr. Nels Koemrup (USAID, USA) stated that USAID would 
financially sup~port a taxonomic 'enter but would not sul)ly funds 
to build one. 

Dr. Kennetli C. Th(rln 0 (CIAT, Colombia) noted that subject 
to the appivvil of tlche Director General and the CIAT Board oi 
Trustees, CIAT could accept the responsibility of disseminating 
information on the ectoparasites of cattle from all over the world to 
Latin American count ries. 

Dr. Derilk W Heinemann (Surinam) presented a statement 
concerning: 

(1) Documentation 

This meeting recommends that CIAT seek funds to enlarge its 
animal health documentation service to enable the regular 
distribution of current knowledge of ectopr,*.. tes relevant to 
Latin America. This should include all info',a ,1 pertaining to 
the development of resistance bv ticks to a(.' i. 

(2) Training 

This meeting recomnendcs that CIAT coordinate the mapping of 
the distribution of bovine tick especies in Latin America toand 
this end should scek funds to hold laboratory courses in tick 
identification and tick surwv methods. 

Dr. Konnerup presented n statement of interest in etoparasite 
problems: 

AID gratefully acknowledges CIAT's expression of thanks for 
the agency's part in sponsoring this Ectoparasite Workshop and 
particularly calls attention to the role of the Israel Institute for 
Biological Research in assisting in organization and )articipation 
in these deliberations. 
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AID has separate and direct cooperation and agreements with 
the International Laboratory for Research on Animal Diseases 
(ILRAD), the International Center for Insect Physiology and 
Ecology (ICIPE) and the Israel Institute for Biological Research 
in sponsoring other workshops and seminars with 'hese 
international institutions in Africa. AID anticipates that 
intercontinental involvement in such conferences as this will add 
materially to communications related to research advances in 
these fields. 

I would particularly call "our attention to the wo'k being
carried out, by ICIPE and ILRAD. It is hoped that much closer 
links can be established in seminars, workshops and training 
programs for the future ind that CIAT and the African 
Institutions along wich Australian participation can expand the 
sphere of influence into Asian areas as well. 

The general recommendations approved by the Ectoparasite 
Workshop are as fo!lows: 

(1) 	 FAO will study facilities existing in Latin America for the 
establishment of a center for taxonomy and general training. 

(2) 	 FAO will also search for a suitable country in Latin America 
to be developed as a monitoring center for research on tick 
resistance to acaricides. 

(3) 	 The semina' recommended Brazil to accomplish the first two 
recommendations. 

(4) 	 CIAT will b,- the communication center for disseminating 
information on bovine ectoparasites throughout Latin 
America. 
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