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expenmental stations and simvilar work is done with natior sl agricultural agencias in other
Latin Amernican countries. CIAT 1s tinanced by a number of donors represuntad in the
Consultativee Group tor International Agricultural Resaarch Dunng this yaar these donors
were the United States Agency tor International Development (USAID;. the Rockefsllar
Foundation the Ford Foundation, the W K Kellogg Foundation. the Canradian Inter.
national Development Agency (CIDA;. the International Bank for Reconstruction and
Development (IBRD) through the Internatiunal Devalopment Association 11DA) the Intar-
Amencan Development Bank (1DEB) and the governmaents of Auasiralia, Belgiam. the
Federal Republic of Germany. Japan, the Nutherlands, Switzerland and the thuted
Kingdom Inaddition. specusi project tunds are supphed by vanious ot the aforementioned
entities plus the Internationa Development Resvarch Centre (IDRC: of Canada and the
international Board tor Plant Genetic Resources dBGPR; Information and conclusions
reported herein do not necessarily reflect the position ot any of the atorementioned
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Objectives of the Seminar

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

{2) Determine the principal impediments to coutrol

(3) Suggest priorities for research needs.



CONTENTS

Fhe Animal Health Program in CIAT
Eric A, Wells

Ethics of International Research

Carlos  Sanmartin e .

it Latin Ameriea
David Ervans o e e
Summary of Discussions of Papers by:
Jane Walker
Gonzalo Lugur

David vans _ T, e

O. 11 Graham
Current Researeh on Tiek Control in Latin Ameriea
lovo €. Gunzale: e

|’rin('iplv~ Governing National Tiek Control l’rogrum.\‘

Ralph A Bram e e
Nationa! Campaizn Neaiu-t Tick-
Luis Beltran e e

Summary of Diseussions of Papers by

O, . Grahum

Joao C. Gonzale:

Ralph A, Bram

Luts Beltrdn e e
Progress in Serewworm Fradication in the United States

Donald Willianes 000 00 e
Program Against Cattle Sevev wormy in Mexico

Marco  Antonio Villaserior ... . . .. e
Summary of Discussions of Papers Presented by:

Donald Williams

Marco Antonio Villusedor .. .. ... ..., e
Ecology and Control of Dermatobia lrominis in Colombia

Guillermo Mateus .. . s
Comparative Experiences with Dermatobia in Latin America

Antonio ° Alessandro .. ... e

29

35

39

717

83

109

115

117

125



Summar: of Discusstons of Papers by:
Guillermo Muteus
Antonio D° AMessandro 00000000
Hematophasus Diptera as Veetors of Diseases in Colombia
Hernundo Groot o0 000 0 0o
Hematophagus Diptera ax Direase veetors in Colombia
Pablo Barreto . .0 ... T,
Summary of Discussions ol Papers by:

Hernando Groog

Pably Burrito PR

Acaricides and Reststance of Ticks to Acaricides

Alexander S, Tahorc 00

Research into Alternative Arthropod Control Measures Against

Livestoek Pests ¢ Part. 1)

Rachel Galun R
Sumteary of Discussions of Paper< Presented by:

Aloxander S, Tahori

Kenneth Thompson .. . ... . .

Summary of the General Diseussion of the Entomological Needs

of Latin Ameviea | o . S

Participants . S

131

135

137

141

155

163

173

177

179
183



The Animal Health Program in CIAT
Eric A. Wells*

I want to comment first on why, in English, we have called this
meeting a “workshop” and not a “seminar”. By definition, a seminar
Is an exchango of ideas. A workshop, on the other hand, is a place
where something is concluded. something is done. We have not yet
been able to find 4 Spanish word giving the same impression. Perhaps
VOU can suggest one.

Secondly: T want to briefiy explisin the animal health program
at CIAT. We have given vou & booklet in which the philosophy of
our worlk and the current projects are oullined. All 1 want to do at
the moment is to cxplain the refationship of the contents of the
hook'ct to this workshop.

In our program we emphasize the cconomics of animal health, that
Is, the cost of the actual losses from disease and the cost of control.
This emphasis is vital to our continued cxistence in this Internationat
Center for Tropical Agriculture. Donor agencies will only be interested
in long-term support if we are are able to identify important causes of
production losses in cattle which require rescarch. MMorcover, there
have to be some advaniages for this researeh to be earried out in an
international center and not in national government laboratories.

Earlier this year we held a workshop on hemoparasitic diseases.
Some of you attended. At the end of the workshop we fermulated
various resolutions. These are being acted on. For example. FAO
iIs examining the possibility of having reeional banks of antigenic
and antibody material for rescarch. Hers in CIAT we are aceepting

# Lpidemiologist. Centro Tnternacional e Agricultura - Tropical  (CIAT)
Apartado Aéreo 6713, Cali. Colombia,



more professionuls for training in scrologicai techniques so that they
can return to their own countries and work on the distribution and
importance of hemoparasitic discases.

You will notice on the program that our last session is devoted
to the needs for training and research in medical and veterinary
cintomelogy in Latin America, We hope that vou will remember this.
Your recomendations will influence the future of our programs in
CIAT.

One more point on cconomics. We have not included a paper on
cconomics because we are assuming that cverything we are talking
about is of cconomic mmportance. However, we hope that econemiecs
will be discussed in relation to control programs. Porhaps the necd
for econemic evahuation of contrel programs may be one of the
resotutions arising from the workshop.

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

to



Ethics of International Research
Carlos Sanmartin *

Almost threc years ago, I had the honor of expressing before the
American Society of Tropical Medicine and Hygiene some ideas aboul
the oricntation 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 an
indiseriminate manner, the more recent advances of technology and
scirnee, while their social and ceonomieal structures lag behind. At
the same time, they sull suffer {rom problems alveady vanished from
the countrics in whieh such progress originates.

I am most thunkful to the International Center for Tropical
Agriculture for the honor of inviting me to go back to the subject
and {o give some comments coneerning men and animal health.

Before I go on T would like to make clear that what I say are my
personal ideas and in o wayv do they represent those of the
organization with whic.. 1 am now i ted.,

L have asked myself what could be the reasons for my being the one
who presents the matter before you. L Delieve that only years of
experience authorize me to accept such an honorable task. Let this
be the opportunity to say how much of my present education is related
to the harmonious relationship I have alwavs maintained with the
veterinary profession, from which [ have learned invaluable lessons.

The question of whet course  seientific research must  tollow in
countries like ours has been the subject of endless concern. over which
much has bren said and wrilten through the yvears. Evervthing seems

* Panamerican Zoonasis Center. Casilla 200, Ramos Mepia, Buenos \ires. Ar-
sentina.



to rotate over the everlasting matter of pure. basic, fundamental
investigation that is usually contrasted with practical and applied
research. This division, in many wayvg arbitrary. depends manyv times
on the interests of those who nre making definitions in cach case.
Technological complesity is generally taken as {fandamental to qualify
=tentific research,

Pasteur. to whom Michael Hoskin referred, started his scientific
carcer studyving  crvstals, which in solution have certain optical
properties, such as making the polarized light plane rotate. What
might be more academic than this? However, thess works led him
toward microorganisms 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. developed a method never excelled for a smallpox
vacemation which within a few vears made it a forgotten discase.

One main characteristic  rescarch  must  have in developing
countries is to be “proper™, i.c. to give all projects and ideas a certain
priority within the limited resources available. whieh will permit their
cffective improvement.

[ believe that what 13 impertant i these countrics is epidemiologlical
research: mc fle:d exploration to find out simpie but fundamental
facts. In this way. it would be pessible to quantity what is happoning.
to evaluate it impact and to take resolutions based on realities rather
preconceived ideas.

It is not rare to obzerve, tor example, that some mfectious processes
are usually blamed {or the considerable losses in cattie. when lack
of management. problems with fevtility, or foed could b what is really
affecting the animal production.

One semetimes may wonder if we are not attributing to some
germs responsibilities they do not have. When there is positive
seroiogy or the isolation of a micreorganism, without the existence
of any clinical or epidemiological 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 stitl in
vogue.

In the scieatific field and research, as in every other human
activity there is the danger of insisting on one interest and easily
making it the only mportant one, others being considered sccondary.
Such a narrow minded attitude is what possibly distinguishes insecure



people and makes thiem exclusive owners of discases, microorganisn,,
laboratories, metheds, physical spaces, ete. so that one can cven lose
the ability  of woendering  about  the permanent  and  infin
manifestations of nature and the mind.

There is a group of transmissible diseascs on which knowledge
about the causal agents, parasite cycles, transmission mechanisn;,
alagnostic methods, control systems, vaccinations, ecte., are extensive,
However, investigations are continually diversified, when the righit
thing to do would be to prove why they are not applicable and how
could they he adapted and made effective.

Very often in our countries people aspire to adopt the more
advanced methods for rescarch and diagnosis without understanding
that they depend on multiple factors not casily found in distant or
isolated places. Maybe, it would be better to use systems  which
although not as reliable, may be used more hroadly. Thus, we sacrifice
some quality in cxehange for greater coverage,

The magnitude and diversity of our present knowledge makes it
heeessary that studics seh as zoonosis have a multidisciplinary focus,
provided that they be integrated in a common plan of action in whose
outline individuals from various activities pvarticipate; ifrom the
sociologist and economist, to the spreializt studying viral molecules.
Al of whom, among other things, should listen, discuss and bear in
mind the opinion of the people whose countries they cxpect to benefit,
Among the diseases affecting man and animals, we have those caused
by hematophagous arthropods, which when feeding on vertebrates
transmit  biologically or mechanically, causal agents such  as:
metazoan-like filarias, protozoan.like hemosporidias and hemoflagel-
lates; bacteria such as bubonic, tularemia and recurrent fovers:
rivkettsias; the cpidemic tvphus, the murine type or spotted fever
transmitted by ticks; and, finally. viruses like vellow fever, equine
eneephaiitis, cte.

To understand the ccology of these agents it is neeessary  to
accumulate evidence about their vectors, asstuning that their isolation
from arthropods, not fiiled with blood, i a reason to believe they
are invelved in the biological cycle of the organism. Ample and
detailed entomological information can show not only the habitat of
a particular ctiological agent but also, in a general way, the group
of vertebrates that should be considered in their natural history.

To define th role an arthropod can play in the perpetuation of an

agent we must remember that a low density of @ vector can be
compensated by: (1) a short extrinsic incubation in the veetor; (2)
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Survey rl’cchniqucs for Tick Spccies Affccling

Domestic Auimals
Jane Walker™

Ticks are certainly the most important external parasites of
downestic animals in Africa and, although T am not cqually familiar
with  the situatien in vour ccuntries, T am sure {hat they are as
Important here beecause of the damage that they cause and the
discases they spread. In many parts of Atvica they constitute a limiting
factor to successtul stock farming unless measures are taken to control
them.

No two species of ticks are exactly alike in their hab,.s, jife eyeles,
distribution and ability to transmit patiogens. Consequently, it is
essential when  difficulties de arise to know  with which  ticks
one is dealing. When one has acoquate information beforchand, it is
often possible to prevent difficulties from developing. For example, when
animals are moved from one part of the country to another a
knowledge of the tick species and tich-borne discases that they may
bring with them, or to which they may be exposed in their now
environment, can prevent lozses for the farmer. Sooone canosay
that a kncwledge of the precise distribution of the different species
with which one is dealing $5 an essential prerequisite to the control
of both ticks and the diseases they carry.

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

# Chief Professional Officer - Tieh Rescurel. Veterinary Research Institute.
Onderstepoort. South Africa.









suitability or on the completeness of the ceollections which  were
being sent in, irial plottings of three of the more prevalent ;peeies
of ticks were carried out carly in the survey. According to the
findings of this proliminary survey furthor collections were cailed
for from ome arcas to {1 appavent sans in the vegetational cones
or to check up on the human elenont as o tactor, as well as to
counteract the attitude “ticks are scarce now, =o no colleetions
have been made this winter. The collections will bo resumed agai
after the first rains when tick Hie will be mare abundant™

“The very ineguality of the colleetions makes it difticalt to
interpret the results consistentiy, The ideal colleetion theoretically
was four collections trom cach Llock spread over four censeeutive
seasons: but this could not alwavs be done and the eollections vared
from the ideal four down to one, or worse still. none at all. In one
district the officer concerned was able to send in o monthly
coliection spread over fifteen months, The four-time collection in
conjuniction with the fifteen-time collections. gave, as it were,
some standard of reliability of the three-, two- or one-time collee-
tions. In those instances where any ene given speeies appears four
times in e anarterly collections it can sately be assumed that the
collection as a whole was adeguate and that not enly was a given
tick present. but that it was also safely ctablished in the
area; if it cecurs three out of lour times then the same conclusions
can be drawn as to the adequaecy of the collection and as 1o the
gstablishment of the tick: here the tick may be absent due to the
fact that it shows periods during which it does not feed. But if
the tick is present less frequently, then the interpretation is not
so straightforward, and several explanations are passibie: cither
that the tick iz present and established on the farm but the
collecting was not teo 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 1s concluded that th: record is one of a
recent introduction. Cases where only one bateh of specimens is
sent in present the most difficulties, and hence the conelusions
drawn from these records are the least reliable, for the absence
of e.g. A. hebraeum may not he truly absent for the reasons
enumerated above; however, though onc-time collections are most
unreliable for recording the absence of a species, thicy  are yet
valuable for their positive records of the presence of the tick, and
hence serve the main purpose of the survey, namely the plotting
of the arcas in which thr tick has been proved to occur.












every wild creature in sight simply to find out what tiek it is carrying.
Tick collections can often be made during the course of other studies.
Il many parts of Africa there is at present great interest in the
biology of all =evts of wild animals, ranging tfremy rats to elephants,
and we have  sometimes obtained  cxecllent  tick material from
zoologists and other sclentists engaccd in these studies, Inall instancees,
the full serentific name of the host animal should be put down if it
is at all pessible. Even if this noane s changed subsequently by some
enthusiastic taxonomist a scientific name is much easier to track down
than a popular one, whese use may be restricted to one particular
area and of course a scientific nanie has the additional merit of being
the same in any language in the world!

So much for host nancs--now we't turn o place names: In the
past, place names. o wiat T thought were place names, have been
the source of crdless troubie -~ particularly when T was working on the
Kenya survey, Senies of course. were casy enough to trace but others
have upon nvestipaiion turned out 1o be anything from old farm
names o the names of deceased native chiefs. I have now conie to
the conclusion that the one and only way to pinpoint o lecality
permanntly is by recording its geographical coordinate - oven the

!

politicians  haven't 2ot round to changing these vet! When tick
collections are being made. therefore, I feel it 15 extremely helpful
for the senior collector in a team to have avallable detailed maps
of the area, if possible at a scale of 1: 250,000 or 1: 500,000, The cxact
site of cach collection can then be marked on the mup itself or
alternatively, other nearby places, the distances from knovn points
or some such references can be entered in the Field Record Book.
The precise coordinates can then be worked out later and entered
in the permanent records. This means that, when the distribution
maps are {inally drawn up. it is easy to plot ali the records accurately.
It also means that if for any reason ancther 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 either the ticks themselves or the diseases
they carry.

In the Tanzania Survey, our bhasic “collection unit” for cattle was
three adult animals. A statistician nught well quibble about using
such a smail number but Mr. Yeoman found that this is about the
maximum that can be dealt with at onz time in the ficld over a
long pericd under trying conditions. It is also ahout the maximum
that local cattle owners and helpers will tolerate. Eacn 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 safecuard its lower cye,
also, to see that it could breathe properlv. If the tick collection took
a long time the beast was allowed to rise to its feet peviodically to
avoid The danger of bloat. A fourth man was put in charge of the

collecting bottles, leaving the eollector froe fo <carch for ticks,

The examination ol cach animal was carvied out according to a
strict routine, starting with its cars and head. then working back
along the undersurface of its body to the perional area and down the
tail to its tip. Its fect and fees were inspected. followed by the back,
rump and ffanks, then the beast was turned ovor and the remaining
parts of its body scarched. During this cxamination cach tick was
grasped quickly, with the flat ol the forceps across it so as not to
puncture it and as near to the anterior end as possible so as not to
decapitat: it, wnd then turned over, pullied off the skin gently and
Enmediately - put into 70 poreent ethy! or methyl  alcchol. When
large collections were made, capecially i there were @ lot of engorged
females present. the aleohol was subsequently changed several times
to ensure that all the speeimens were properly preserved. Finally, a
label with the distriet serial number was placed inside each colleetion
bottle. These labels wore written beforchand in black waterproof ink
on good paper. Labels stuck on the outside of bottles are not
satisfactory as they tend to get dirty and semilegible o come off
altogether,

As was pointed out earlier. the South African tick survey was
based on quarterly collections  because it was weall known that the
activitics of the different stages of these parvasitez are definitely
seasonal there. In an cquatorial country like Tanzania, however, one
can usually find at least a few adults of the commoner cattle tieks
throughout the vear, Even so we should Linve liked to make several
collections at cach point in our survey 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 from practical experience that this would
be unsatisfnetery. Instead, two areas - -Sukumaland, representine the
central plateau and one ot the most important cattle areas in the
country. and Iringa, repres:nting  the highlands—- were chosen for
speeial study. Careful seasonal collections were made in these areas
over a period of several years under our own supervision and these gave
us an idea of the seasonal aetivities of our commoner cattle ticks.



All our specimens were identified in the laboratory under a
microscope. After examination cach colicetion 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 coliections because one
inevitably finds later that one wishes to vo back and re-examine some
of them.

This is perhaps an appropriate point at which to say something
about suitable containers and prescrvatives for ticks. T hope yvou will
forgive me for mentioning what vou may think is an clementary
subject but it has in the past given me a great deal of troube! For
collecting in the field we uscd wide-mouthed glasz bottles of about
60 ml (2 oz) capacity with metal screw caps. These hold plenty of
preserving fluid and cne can briskly shake one's forceps in them to
dislodge ticks clinging to tips. These days, similar shaped polyethylene
bottles may be available. Thin glass specimen tubes are useless because
they break tco easily, and containers made of the clear, rigid type of
plastic become brittie in timo and then break. Wide-mouthed Me-
Cartney bottles (universal containers) are very practical for the long
term storage of specimens. The black rubber liners iuside the screw
caps deteriorate in tim: when in constant contact with aleohol or
formalin plus chloroform and should be replaced rither with cork
liners faced with unfoi! or, I'm told, with liners that are now being
made from a chemicaliy inert butyl rubber. For inornate ticks, 70
percent ethyl alechol is a gocd preservative. For ornate species such
as Amblyemma, however. a solution of one part of concentrated
formalin (contzining 40 percent formaldehyde) with seven parts of
distilled water, saturated with chlovoform (a little is simply poured
into the diluted formalin). gives much better and more long-lasting
preservation of the color patterns. In fact the color pattern of an
Amblyomma that has faded after long immersion in alcohol is
sometimes partially restored if it is soaked in this formalin chloroform
mixture.

To get back lo the Tanzania Survey, when the identification; were
completed all the information in the field and lahorutory records for
cach collection were transferred to the appropriate District Record
Book. Finally, a cemplete list of the material utilized in the survey
was compiled and used as the hasis for ous text,

You will find, when you come to do a tick survey, that the field
work and subscquent identification of your specimens only represent
about half the work invoived! Getting the results together, sorted
out, written up and through the press = 1 long, tedious, but ultimately
extremely worthwhile process.
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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 the livestoek industry. as the backercund to our
information about the ticks.

Each tick species is then dealt with in turn, in alphabetical order
for casy ruference. Relerences to one or more good deseriptions are
given for cach, plus information on any particular points that -nould
be noted when identifving it. (We were subsequently criticized for not
including either keys or deseription but we fe!t al the time this was
unreecessary, and furthermore. it would havo greatly delaved  the
compiction of the work),

A section on the host ve-ationships of the tick [ollows. In this we
list, among other things, the numb:r of stations and or individual
animals of cach species that have been examined during the survey
and the number from which the tick in question has been obtained:;
this gives some idea of the frequency with which a particular host is

infested by a particular tick, and is importan®.

The next scetion deals with zoogeegrapy and includes a map
plus descriptions of the tiek’s distribution in terms of the political
divisions of the country and its physiography, vegetation and rainfall.

Several features rigarding the maps deserve cpecial 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 sarac scale as the reference maps of the area so that, when
complete, it can be laid over ecach of the reference maps in turn. It
Is 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 intendsd to plot negative symbols also. showing
where 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, showine all our colleeting stations, and a comparison
between this and a tick distribution map, particularly for one of the
common cattle ticks, immediately shows whether the blank spaces on the
latter represent the absence of the tick or are merely areas wheve no
collections have been made. (It is of course loss useful for the rarer
species).

A transparent copy of the political divisions mayp 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 T wish we could have included
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the ears ventralward over {he throat latch but excluding one
and two).

(4) Pinnas (both surfaces).

(5) Ear passages,

(6) Poll (inc’udinz mane and upper necl: border to withers).,

(7) Neck (lateral suritcoss

(8)  Dewlap.

(%) Axilla  (detimited hy @ line joinine the points of the two
shoulders cranially and by one rulining from one olecranon
to the other caudally).

(10)  Sternun  (candal, sternal and xiphoid regions up to the
umbilicus).

(11} Belly and groin (postumbilical and inouinal regions including
udder. scrotum).

(12)  Lower perineum (ventral to valva in the female or anus in
the male to base of uddir serotum).

(13)  Upper perineum  (from base of tail around anus, including
vulva in the female).

(14) Tail

(15) Tail brush.

(16) Feet (below fetiocks).

(17)  Legs (from fotlocks to clbows stifles).

(18) Rest of body (lateral thoracie, abdominal, gluteal and
femoral regionsy.

The car pussages were carefully deticked with g fine spoon curette.
On the other sites the sareer ticks were first removed with forceps
and the site then thorouzhly combed with a fine nit-comb to remove
the remaining ticks, especially the larvae  and nvmphae. These
combings were colleeted in a stoppered piastic funnel which had
one side f{lattened simply by pressing it against a warm electrie plate.
From this funnel they were transiorred into separate, permanently
labeled plastic bottles for transport back to the laboratory.

In the laboratory 1t was found by experience that the best way to
deal with the collections, which contained a lot of debris as well as
ticks, was to put cach in turn, into a opeeial 100 mesh stainless steel
sieve and then immerse {he coatents in a boiling 107 NaOH
solution to dissolve the extrancous 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






Current Knowlc(lgc of Tick Spccics Distribution
in Latin America

Gonzalo Luque*

The livestock industry is one of the major economic potentials on
this continent if we consider the extent of pastures, the o'd cattle
raising traciticn. and the worldwide rapid demographic growth and
Inecat shortage.

Amoeng many of the negative factors preventing proper development
of thiz Industry sve ectoparasitos, OF these. ticks are the most costly
for animul production in Latin America.

Ticks ure external  porasites betonring to the Kinzdom  Animal:
Sub-Kingdom M tazoan: Phyviua Arthrapodia:  Sub-Phyluin-Tracheata:
Class-Arachnida: Order-Acarina: Family-Ixcdidae; Sub-familv-Rhipice-
phalinea, Amblvommiaae, and Ixadinae: G neris Boophilus, Ambiyom.
ma, Dermacentor. Rhipicephalus and Isodes

Accurate tick wdontification v an cssentia requisite for  their
control, and to justity ricorou: guarantines and  the hich  cost of
cradication  programs. Much work has been dene on morphology,
taxonomy, prevention or control of tick infestion in cattle. However,
there is not cnough info.mation about distribution of certam species
in some arcas of this continent.

¥ Faculty of Veterinary Medivine. Pavasitalogy Laboratory. Universidad Na-
cional, Bogota. D17 Colombia

Vo Editor's Note — The clossification of ticke is generally indicated as Family-
Ixodidae  (hard tick<) and Argasidae (ot tick=<): Genera-fyodos. laema-
physalis,  Boopliilus, Rhipicephalus.  Amblvomma.  Dermucentor. Argas,

Otobivus. Ornithodoros. ote.






In 1969, Todorovic, Lugue and Adams in a study abort Ixodid
distribution in Colombia, collc.:ted ticks over period of one year from
bovines of different hreeds (Holstein, Zchu, Blanco Orejincgro, Coste.
1o con cucrnos) and found thera to be infested with Bahesia bigemina
and B. argentina.

The infection of these animals was determined by blood smears
and complement fixation tests. As @ result of this study, D. nitens was
found parasitizing bovines in Monteria, Palnira, Buga, Bugalagrande
and Sumapaz repions.

It has also been found on deer and Hydrochoerus hydrochaeris. A
more complete nvestigation is necded to determine {he role of this
lick in hematozoarial transmission o {he bovine.

Three host ticks
Amblyomma eajennense (Fabricius 1872), ‘Cayenne tiek’

Morphological characteristics: It possesses long palps. The hypostome
dentition is 3 3. The scutum is ornate with abundant pale white
marks distributed more or less in a form radiating {tom the center,
The female has festoons with ehitinous tubercles at o postereinternal
angle.

Distribution: southern Texas, Mexico. Caribbean zone. Central and
South: America. This tick 1s a0 varasite of bovines, domestic and wild
mammals and birds. It scems to be the second  tick of economic
importance in Latin America.

Amblyomma maculatum. Koch, 1811, ‘Guli Ceast Ticks'

Morphological characteristics: Coxac I have internal spurs which
are short and insignificant. Metatarsals 11, 111, TV, have two stoul
spurs on the distal extremily in the male and female,

Bistribution: Regions of high temperature, rainfall and humidity
bordering on the Atlantic Ocean, Gulf of Mexico, Jumaiea and South
America. In Colombia, it has been found on equines and ecanines in
the middle and Lyt zones. Adulls attack cattle, ungulates and man.

Rhipicephalus sanguincous Latreilie 1829, ‘Brown Dog Tick'

Morphological characteristics: Leos, intepument and scutum  are
not ornate (brown) and have small punctations of moderate size. It
has eycs, spiracular plates in a comma shape. and festeons are present.
Males have adanal shields.
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Distribution: This tick usually affects dogs all over the world. In
Latin América, we find it distributed in Mexico, Central and South
America, but there is not mucl: information on its incidence and
pathiogenic action in bovines. R. sanguineus on bovines has been
reported in Celembia in the muaicipality of Ambalema (Tolima).

Ixedes ricinus (Linmacus, 1716), ‘Furopean Gastor Bean Tick’

Morplhological charaeteristies: The palps are long. Eyes and festoons
are absent. The spiracular plate is oval in the male, circular in the
female. There are seven ventral shivlds in the male

Distributicn:  There is not sufficient  information about the
distribution of this tick in Latin America. In Colombia, it has been
found on bovines in Bogoia and Chocenta,

Summary

Ticks are one of the most serious pests of caltle 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
requizite for their control and eradication. However, there 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 arcas of Latin America.

B. microplus is the most widely dirseminated tick and one of major
economic importance in Latin America. Nevertheless, there are other
species affecting bovines, such as Amblyomma cajennense and Ixodes
ricinus which should be thoroughty studied.
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Points Arising from Present Data on Tick

Distribution in Latin America
David Evans*

A recent review (Evans, in prep.) of literature available to me at
this time (which I am sure is as vet by no means exhaustive) on the
tick species of Latin  America revealed the situation summarized
in Table 1. What becomes perhaps surprisingly apparent is the large
number of species (170) already reported. i.e. nearly a quarter of the
world number (Hoogstraal, 1973): also the breadth of gencra {11-12)
to which they belong: of the major workd genera only  Aponomma
and Hyalomma have not been reported. As recently as Spring 1975
(FAO expert consultation on ticks and tick-borne discases) Latin
America was still considered a highly under studied tick region and it is
therefore probable that the real tick fauna in nature will prove to
be much broader in species.

Thus. when planning tick studies in Latin America we have the
definite problem of deciding on priorities. I would like, if T 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 speeies; and, (b)) potential tick pest species.

(a) It has beenr generally cstablished that B. microplus represents
the major tick species of cconomic 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

Y Visiting Research Associate. CIAT: and CNAA Ph. D. candidate. N, E.
London Polytechnic. United Kingdom,
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TABLE 1 Summary of the Latin American and Caribbean tick

fauna.
Number ol speeies

Family Genus Latin America World *

Ixodidae Lvudes 12 48 250
Amblvomma 30 a2 100
Dermacentor 1 11 31
(D. Anocentor 1 1 1
Huaemuaplivsalis 4 6 150
Rhipicephalus 1 2 63
Boophilus 1 2 b]

Argasidae Nothouspis 0 1 .
Argus 4 7 50
Ornithodoros 13 34 94
Otobius 0 2 2
Antricola 1 4

Total 11 (12) 68 170 750

9. 23 1007

*

Hoogstraal. 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 extending 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. Janc Walker (1975) both of the
effort but also high rewards of such studies. Once we have u reasonable
idea of those regions that provide ideal and marginal conditions for
the survival of such ticks we would be in a good position to conduct
rational, intensive ecological studies on each important specie with
stations at strategic locations with  respeet  to its  ccological
requiremants.

(by Let us now look at potential pest specics of ticks. 1 think such
a consideration is necessary because a rich tick fauna crcates 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 Beophilus microplus. Thus, although we may learn much
from their experience, there may be important modifications to
incorporate. The question arises, which of these other numerous tick
species should we worry about?

The first problem concerning  potential pests I would like to
consider is the comparative impact of closely related ticks as vectors.
Recent taxonomic reappraisal of ccrtain species has given separate
species status to several ticks that were once recorded as one. Examples
of those that may be pertinent to the cattle industry are Amblyomma
ajennense which is now known (at least in Mexico) to have inecluded
a smaller forn., Amblyomma imitator (Kohls, 1958). Also, carly reports
of Amblyomma maculatum showed the tick to br widespread
throughout the countries of Latin America. It is now known to have
consisted also ol A tigrinum and A, triste {Kohls, 1956a). The
geographic distribution of 1hese species (which are fairly simple to
distinguish taxononiically) now needs reappraisal. As Dr. Jane Walker
(1975)  has indicated, no  two specles  are preeisely  alike in their
requirements for survival. It remains to be studicd by the epidemiologist
and ccologist  whether they are significantly different to  warrant
special attention from the wan 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 associaled with the increased
host-range of ticks in Latin Amcrica due o man's activities in the
cattle industry. These new tick-host relationships may be summarized
4$ an cquation:

INDIGENOUS TICKS

~
WILDLIFE DOMESTIC STOCK
~

EXOTIC TICKS

This is the situation when domestic stock and their ticks are
exposed to the indigenous fauna of a new country. The exotic ticks
that survive continue {o cause problems to the host specie on which
they were introduced. They may also form reservoirs on the indigenous
vertebrates. In addition, the introduced domestic stock may suffer il
effects by acting as exotic susceptible hosts to the indigenous tick
species.

I would like to offer you a resumé of Latin American tick species
which judging from the literature (Evans, in prep.) appear to have
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become involved to a greater or lesser extent in a cattle horses wildlife
host speetrum. May I call on the dolegates to offer their experiences
on the cconomic sienificance of these species? It should be noted that
generalist, non speecitic hwst ticks usualiy pose the most problems in
formulating control or certuinly eradication) regimes.

Summary of ticks with cattle horses a wildlife host spectrum

Ixndes boliviensis

This tick is considered a synonym of I bicornis by Kohls (1956b)
and is distributed tireughout Central America and the Northwest of
Soutlr America. It is reported as reaching high numbers, e.g. on dogs
in British Honduras (Varma, 1973); there are othev scattered reports
including its presence on cattle und horses.

Amblyomma cajennense

It is usually quoted as the sccond most numerous of the widespread
ticks in Latin America. after B. microplus, It is becoming a greater
pest in localized regions. Now it may be necessary to study it separately
from A. imitator as mentioned earlier.

Amblyomma coelebs. oblonguttatum and ovale

They are widesprrad throughout Latin America. However, judging
from the literature the tick is present on wildlife and horses hut not
on cattle. A. oblonguttatum was the second most numerous tick specie
in the British Honduras Survev by Varma (1973) (the {irst being A.
cajennense).

Amblyomma maculatum, tigrinum, iriste

It is apparently widespread but, as mentioned before, there is a
need for recent accurate information. There is also a great need for
more host information of tigrinum and triste to establish their origins;
triste is at present so littie known in terms of its host repertoire that
it appears from the literaturc as an “indigenous tick of caltle™
Ecological knowledge of these two “new ' species 1s non-existent,

Amblyom:na tapirellum

It is reported as a generalist species in Central and northern-South
America.
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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 introduced to the southern
temperate regions of the continent where the seasonal climate may
allow its unfortunate establishment.

Dermacentor (Anocentor) nitens

It is the well established Tropical Horse Tick of most of Latin
America; the real cconomic damage of its infestations on horses (a
vital component of our cattle industiy) and on cattle is not established.

Haemaphysalis juxtakochi

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

Boophilus annulatus and microplus

They have clearly established pest status but does B. microplus
form reservoirs on the indigenous Latin Amcrican fauna? It does not
appear to have occurred when introduced to Australia, Is it still
sufficiently unchanged physiologicallv to be able to transfer the concepts
of its vector potential and ccology learned elsewhere?

Otobius megnini

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
information in this brief communication but as Dr. Barnctt said in his
introduction of me, I have not been here in Latin America very long
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vet. 1 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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Summau'} ol Discussions of Pupcrs b)‘:

Jane Walker
Gonzalo Luque
David Frans

Dr. Jose M. Payno from Bolivia, referred to a study which has heen
carricd out over the last four years on the distribution of ticks in the
Andes and Valley regions of Bolivia. The species identificd at present
are:

Beophilus microplus which is the most numerous species and the
one causing the greatest problems. It has been found on bovines,
cquines, and ovines in Santa Cruz at 430 meters: in the departments
of Beni and Chuquisaca at 145 and 420 metors, and most recently
in the Cochabamba area at an altitude of 2700 meters where
previously, only Otobius megnini was detected, In Cochabamba
there are also problems with anaplasmosis and babesiosis. However,
it is not known if this problem originates from cattie in transit
or if the tick vectors are being ace imated to the area.

Boophilus annulatus ticks have been infrequentiy encountered.
The females are difficult to differentiate from B. microplus  but
since the males do not have tails, thev are casicr to distinguish
between species.

Amblyomma cijennense has been found in sub-tropical zones
on bovines, humans, deer, equine and ovine from 420 {o 850 meters.

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

Amblyomma americanum has been found on bovine. deer and
humans between 145 and 623 meters.



Otobius megnini was found on bovines in Cochabamba,. between
2,500 and 2,700 meters

Dermacentor aitens was found on equines. bovines, and deer
in the area of Santa Cruz.

Haemaphysalis sp. is believed to be present in Bolivia but has
not been identified yet.

Rhipicephalus sanguineus was found in the Lianos in a sub.
tropical arca ov 230 metors

Ixodes scapularis was feand m Santa Criiz on bovines between

1.980 arad 2000 moters,

Ornithodores rostratum was found on pigs and humans. in
Santa Cruz ab S30 meters

Dr. Mareclo Rojas Drom IVITA, the University ¢f S8an Marcos, Peru.
states that the incidence »f ectoparasites is seasonal in the cattle
zones ¢f Pucalilpa where the rainy scason suns from October to March
and the dry season from Mareh to September. He indicated that in
parasitism studies done with ¢xetic eattle ywhich ary more susceptible
to tick infestations) the following tick species were fouad: Boophilus
microplus, B. annulatus, B. decoloratus. and Otobius megnini. Of all
ticks collected only one was {found to be B decoloratus.

Dr. Jane Walker from South Africa suggested that the presence
of the one B. decoloratus specimen probably represented an aberrant
species or was taken from an animal recently imported.

Dr. Lus G. B:ltran f{ron: Slexico presented a summary of  tick
distribution in Mexico in a ¢ itative form and by State. The study
took six vears to complete with the participation of 3.000 collectors
throughout the country. Ticks were collected from wild animals and
bovines. At present 250,000 Ixodidue specimens have been exemined
and 25 specices classified,

Dr. Walker added that meclusion of wiid animals in a tick survey
was very important in order to find the genera Amblyomma.

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

It was suggested hy & number of participants that a tick reference
center was needed for Latin America. Dr. Ronald Smith from 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 (England) indicated that perhaps
Latins would prefer a Latin consultative group.

Dr. Beltran staled that 90 million {Mex.) pesos would be invested
to establish the Tick Research Tnstitute in Mexico which could serve
as the tick reference center for Latin America. While Dr. Gonzalez
from Brazil added that there was a very good colicction of ticks known
as the “Cross Collection” in Bravil.

At Dr. Barnett’s supggestion a list of fick taxonomists in Latin
America was compiled by countries.

Argentina: Drs. J.C. Ivancovich and Oscar Lombardero.

Rolivia: Drs. J.M. Pavno and Raul Grock.

Brazil: Drs. J. Gonzalez, H. Espinola and Flieshman.

Colombia: Drs. G. Luque. G. Mateus and H. Duran.

Mexico: Drs. L.G. Beltran. Alfonso de la Torre, Anita Hoffman,
Irene Edith Carnales, Jorge Aguirre Esponda. Manuel Tara-
cena and Manuetr Chavarria Ch.

Surinam: Dr. Dervek W. Heinemon.

Uruguay: Dr. Sumino.

There were no taxonomists for Chi'e. Costa Rica. Ecuador. Gua-
temala, Paraguayv or Peru

Dr. Jodo Genzadez (Brazil) inquired about the possibility of crossing
Boophilus microplus with B. annulatus. To which Dr. O.H. Graham
from U.S.A. replied that he had participated in experiments with
crosses of Boophilus microplus with B. annulatus. The ¥, males were
always sterile while the Fy females were alwavs fertile, He stuegested
that if, in Mexico, both species come into contact, due to the sterility
factor one of the species will eventually become dominant.
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Planning Research Supporl for Tick

Control ! ‘rograms

0. H. Graham *

It is obvious that no t\\o tick control programs will be exactly
alike and it follows that. if the supporting rescarch is to be efficient,
it must be  dezigned speu leadly for a particular condrol program
during the carly planning stages of that program. But, it is certain
that a national tick contro: prograim of any macnitude cannot sueeeed
without the support of o well areanized. objeetive-oriented vegeareh
group. Research should be initiated at least two vears before the
start of any large seale control brogram and {unds for rescarch
should be included in the budget for the control nrogram Experience
indicates that cxpenditures for research =hould amount to 10 to 20
pereent of the tefal spent on tick control or cradieation.

When  they are workmg on o these peorams, rescarehers  are
obligated by circumstuness to devote their attention and cnergy to
short term studies of those problems that are vital to the suceess of
the control program. Usually, this will mean that they ecannot under-
take highly sophisticated research of a basic nature aud that they
will have to attack new problems as they arvise before they have had
time to fully answer all questions to which thev previously addressed
themselves

Al this point it is mteresting to consider whether or not the

ultimate objective of the control program will be the eradication of

¥ Rescarch on Livestoek  Inseets. Agricultural  Research  Serviee. ULS,
Department of Ageiculture, U5, Livestock Inseets Laboratory. ' Q. Box
232. Kerrville. I(‘,\d> 78028, U,S.:\.
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one or more species of ticks from a well defined land mass or merely
to reduce the population sufficiently to climinate all or most of the
economic lossts produced by that tick. Certainly, cradication is a
laudable geal id it can Dbe justified ecconomically and if it can be
maintained after it is achieved. but it should not be underteken without
giving carcful eonsideration to the myriad of problems that are a
nart of every cradication  program. Usually, eradication will Dbe
infinitely nmwore difficult to achieve and vastly more expensive than
the 99 pereent or whatever pereent control that is required  for
alleviation of the ceonomic losscz and should not even be attimpted
uness there is rearonable assurance of sueeess and an even greater
certainty that frecdem from the rost can be maintained i it is
achicved, In the case of ticks and the present state ol the art and
science of tick coentrell it s di Mull to visuddize a sound  national
eradication proaram for anv well established three-host tick or even for
a one lost spectes that p:na.\:tlzus A wide variety ol hosts,

Ticks arc the vierers of at least 30 dsstinet human disceases, some
of them very important. But <inee man is only an incidental host
for these ticks, with the possible exceoptien of Ornithouoras poreinus
domesticus in East Africa, there does not scem to be much hope
that these dizeazes can be climinated by cradicating the veetor. This
vicw mayv change if highiy practical biological or arca control measures
should ever become available. In the meantime, if domestic animals
are the solc. or virtually thie scli. hosts of ¢ particular tick. we are
then justified in av least studving tho reasibility of eradieation and
we can justify the cxpenditure of public funds for researeh o the
control and eradication of such a tick, Eradication could also be
justificd if we are dealing with an cconomically important tick that
has reccnuly appeared in a new avea of lmited size or exists in an
area which is not ccologically very suitable for its survival,

Rescarcii programs must be scaled to the size of the contemplated
contro! program and may be very simple investigations carricd out
by a single scientist ¢r may, at least in theory, be complex programs
that utilize dozens of rescarchers from a variety of scientific disciplines.
For thes purpose of our discussion, I would like to consider all of the
research approaches that are most likely to be used in a large, national
eradication program that might continue for 10 to 20 years or longer.
But please remember that not all of the research findings would
have to be generated within one bureaucratic entity-——much of it could
originate from outside groups, universities, for cxample or international
organizations, and the information would be equally useful. It would

40



only be necessary to integrate the data into the overall picture much
as we fit the picces of a jig-saw puzzle together.

In the process of planning and organizing our theoretical research
program, we can utilize the training and talent of scientists working
in at least 12 disciplines. The categories are artificial and the
nomenclature sometimes  varies, but let’s look at the f{ollowing
approaches:

(1) Taxonomy

(2)  Morphology

(3) Physiology

(4) Behavior

(5) Ecology

(6) Genetics

(7)  Arthropod Toxicology

(8) Host-Parasite Relationships

(9) Disease Transmission
(10)  Epidemiology
(11)  Mammalian Toxicology
(12)  Biometries

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 clearly, a sure
knowiedge of the speeies with  which  we are dealing, their
distribution and their recognition are fundamental. We must know
our encny if we are to eliminate it. Accurale descriptions of species,
keys to identification, reference coilections and expert  taxonomists
are all needed for the correct identitication of ticks just as they are
for any group of plants or animals, but tick surveys will not be any
more valid than the colleetion records on which they are based. It
would be difficult to overemphasize the importance of obtaining
adequate numbers of samples and of maintaining detailed, accurate
records. This usually means that professional people who already
appreciate the importance of these fundamentals will have to make
the collections or that ficld collectors will have to be carefully trained.
It is essential that collectors appreciate the importance of obtaining
samples of both sexces, ali stages of deve'opment and all specics that
are present. Ficld records should accurately indicate seasonal incidence,
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losts, abundance, geographic distribution, and such essential facts as
whether or not the hests were native to the collection place or in
transit.

Morphology

In their studies of arthropods, morphologists must correlate form
and function and, thorefore, they often link taxonomy and physiology
together. An adequate understanding of growth, nutrition, reproduc
tion. longevity and other vital functions of the organism, depends
on information about ihe structure and activity of both the internal
and external organs and structures.

The clectron micrescope has made 1t passible tor morphologists to
extend our knowiledge of the fine structure of cells and tissues. The
seanning clectron microscepe has proven to be especially  useful for
studving ticks and other avthropods. Its grcat range of maenification
and  remarkable depth ot focus have given us an improved under-
scandine of both the anpearance and funetion of a structure or organ.

Physiology

I an adequate koowledee or the physiolooy ot the tick is not
already availabi: from the scientific fiterature, it will be desirable to
undertake a limted amount of research on the normal physiology
of the target =pecies as an adjunct of the control program. These
studies will provide necessary background data for studies in arthropod
toxicology (whichh arc usually studies In abnormal  physiclogyv).
nutrition, growth. and rcproduction.

!

It will almost always be necessary to co'onize the tick in the
research laboratorv as a necessary first step to studies of chemical
control, genctics, digease {ransmission. and biological control.
Physiological studies provide the fundamental information upon which
even small scale colonizations are usually bascd. The in vitro rearing
of ticks has met with only limited success, but it is casy to visualize
programs in which it might become urgently necessary to devise such
techniques. Sorme progress has been made in membrane feeding of
ticks and other hematophagous arthropods but large scale in vitro
reariug has not been attempted. If parasites, predators. or pathogens
are to be used in a field, the normal growth patterns of the tick must
be understood. The possibility of using pheromones in control programs
is exciting because of the promise of improved efficacy with a minimum
of environmental hazards. Obviously, physiological studics which would
provide information on pheromone production on tick responses arc
needed.
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Behavior

The life cycle of ticks is divided into two distinet parts, the
parasitic and non-parasitic phases. Tick behavior, which has received
only limited attention by o very small number of researchers, must
thercfore be studied on and off the host. Since hehavior in arthropods is
believed to be an autonomic response to stimuli, it should be worthwhile
(o know more aboul specitic stimuli and the responses mduced by
them.

The aspeets of  parasitic bihavior most likely to have ecconomic
connotations are feeding and mating behavior and the selection of
host predilection sites. In the non-parasitic ife >yele, the scleetion,
it any, of oviposition sites and the questing behavior of unfed larvae
strongly  influence  reproductive  success  and  larval longevity.,
Information about the influence of environmental factors on belavior
in most tick species is wootully inadeqguate and research is usually rieceded
that will provide the specifie data for onse or more species in o definite
grographical region. Sinee the unfed avvae utilize food carrvied over
from the eug stage as their so'v source of energy, it is ohvious that
their longevity is greatly shortened  if they are hiphlv wetive. The
maintenance of water balance, also eritical to larval survival, is also
influenced Ly behuvior. It the influence of c¢limate and weather on
behavior wore botter understood, it might be possible to improve the
clficicney of  contrel  mieasures,  especially  pasture managzement
approaches to control. Unfortunate’y. we do not presently have cnough
imformation wbout behavior to be able to recommend management
practices that would shorten the life of unfed larvae and reduee the
time that o pusture must be vacaled in order to control Buophilus
speceies,

Matce secking and other agpeets of reproductive behavior arc critieal
points in the life cyvele of mest ticks. If normal behavior could, in
some way, be disrupted, an advantageons new approach to control
could be developed. The behavior of  one—, two—, and  three-host
ticks s obviously very different and it is gencrally accepted  that
three-hogt ticks experience more hazards to survival than one-host
ticks. In any case. i some drastic alteration  in behavior could be
induced by man. the tick life eyele would be disrupted and tick eontrol
would result. For instance, if engorged larvae of a one-host tick could
be induced to drop from the host prior to. or at the time of, molting
teey would, very iikely, never find another host or if any of the unfed
stages of a three-host tick would lose interest in host secking, these
individuals would be climinated.



Ecology

If, at some future date, non-chemical contiol measures for ticks
are to be implemented, their successful use will almost certainly
be based on at least a partial knowledge of the ceology of the species.
Biolngical approaches to the control or elimination of any arthropod
must take into consideration the role of the target species in a plant
and animal community.

In national programs of control or eradication. the availability of
mayps ‘hat indicate the various ecological zones in an eradication area
are essential to sound technival managoment of the pregram just as
political maps are cssentinl to  administrative management. With
adequate ecological data, it would be possible to prepare maps that
indicate the zones in which: (1) the tick would probably reproduce
rapidly in the absence of control measures: (2) the zones in which
population fluctuates drastically according to weather conditions and
other controlling factors; (3) the sub-eptimum zones in which survival
is apt to be tenuous: and, (4) the zones in which survival is not normally
possible. In most countries, the number of ccologists studving ticks
in the field is grossiy inadequate and, although such studies tend to
be long term, many large scale control proorams should be supported
by some basic studics in ecology. The successful use of pasture spelling
for tick control is an illustration of applied ecology and in most regions
a more thorough study of tick ecolegy in a particular region will
permit the preparation of improved rccommendations 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 mcdifications as tools in control programs
appear to be excellent, but most of the technigques are stiil unproven.
The most suceessful use has been the mnduction of sterility in male
screwworm flics and the release of large numbers of thesc 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 opinion that genetic
manipulation does not appear very promising for tick control and
certainly a great deal more research would be required to implement
any approach presently conceivable. However, the F, hybrid males
produced by cross mating Boophilus annulatus and B. microplus are
sterile and in small scale tests these males successfully competed with
normal males of either species for mates. Before such males could be
released in the ficld in large numbers, large scale rearing procedures
would have to be developed and techniques for scparating males from
females would probably be mandatory. Continued rescarch is justified,
however, beeause of the potential usefulness of such an approach in
arcas where ticks arc resistant to chemicals and also bhecause the
technique might be used to climinate low populations of Boophilus
near the end of an cradication program,

Genetic studies have contributed to a better understanding of the
resistance pheromones in both insects and ticks and are a high priority
resecarch item in regions where control agencies are faced with a
resistance problem. While the studies undertaken, such as those in
Australia, have given us cood explanations of the genctic bases of
resistance, 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 vears. and probably longer, any
national tick control or eradication program will have to be based on
the use of conventional chemicals —the acaricides that are presently
available or very similar ones. In such programs wc usually are niost
concerned with the selection of the efficient wcaricide and the proper
dosage, —safety, cost, stability, availability, ete.— 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 studied
in three phases. Witli 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 metanymphs, young
adults, and engorged or partially engorged females. 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 of
cattle from reinfestation by the residual action of the chemical.

In regions in which insecticide resistance is a major consideration,
studies in arthropod toxicology should be intensified so as to minimize
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the impact of resistance on the control prograni. In every progran,
the means of monitoring resistance should be provided for in the carly
stages as prompt recognition might make it possible to alter program
strategy and aveid failure. Whils experience in Australia and Drazil
indicites that resistance to otier chemica’s usuaily rapidly  follows
the tirst appearanc: of resistance, there is a possibility of developing
freatment regimes  that will delay ihe  appearance of resistance  or
soften its impact on the program. The greatest n-ed seems to be for
the discovery and development o entirely now chemicals unrelated
to these presently in use, which kill ticks by an entirely new mode of
action: Wharton 11974 has dizeussed this in considerable detail

Host-purasite relationships

It is generally accepted that some breeds of cattle, for example
the criollo cattle of Latin America and the Zebu. are more resistant
to tick infestation than the European breeds and it also appears thal
in individual animals of any breed, inherited immunity can be
stimulated or intensified by exposure to tick infestation. This suggests
that it might be possible to prepare an inoculation for cattie that
would increase the level of immunity to ticks. A'so. considerable
thought has becn given, especialiy in Australia, to the sclection of
bleod 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 fezding. Cattle breeding is a very complex procedure
and it is not usually practical to secet for only one trait such as tick
resistance and ignore dozens of other traits which may be of even
greater cconomic importance. Also. an animal geneticist cannot
usually expect to work with more than 10 or 15 generations of cattle
in the course of his carcer while Boophilus will probably produce as
many as 100 generations in the same period of time. Just as ticks
develop resistance to acaricidal chemicals by selection, they could also,
at least in theory. acquire resistance to the biochemical or physical
traits of cattle which produce immunity to ticks. While host resistance
is obviously a uscful adjunct to tick control and might, under some
conditions. be the most important part of an “integrated” 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 specics of ticks which are most likely to be objects of national
control or eradication programs are those which arc also vectors of
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serious animal diseases. In the course of a tick fever eradication
program, cattle in tick-free zones lose their immunity to babesiosis
and are highly susceptible to infection if carrier ticks are accidentally
introduced into a “clean” arca. In most countries, Buophilus spp. are
also important vectors of anap'asmosis but are not the sole vectors.
Il Boophilus spp. are not present {o infeet young cattle during the
first few months of their life, the animals may sulfer more severe
cffeets if they contract anaplasmosis as adult cattle by exposure to
other ticks, biting flics, or infected instruments. Some knowledge of
the tick-transmitted diseases in a country, region by region, is therefore
needed for the proper planning of tick control or eradication. Research
on premunition and drug prophvlaxis and therapy are important
adjuncts to the overall proeram.

Veetor capability studies should be coordinated with studies of
tick ceology and geneties as there are indications that srme strains
of B. microplus are more cfficient transmitters of Bahesia than others.
Vector efficieney may also he affected by cnvironmental conditions
and the fate of the bovine species of Babesia in non-bovine tick hosts
such as horses. deer and sheep is very poorly understood. The vector
capability of the male Boophilus is not known, but could be important
sinee mature mades can transfer from one host to another. These and
other aspects of disease transmission cou'd influence the course of
an cradi~ation program and deserve research attention.

Epidemiology

In a sense, the cpidemiology of ticks and tick-borne diseases is
merely one aspect of applied ecology. However, it is a science that
consolivates 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 teehnically 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 future.

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



Mammalian toxicology

These studies, as a phase of a tick control program, would probably
include pathology and the determination of pesticide residues in
animal products intended for human consumption,  but would
concentrate on the undesirable effeets of tiek control materials on
livestack, other beneficial speeies, and the environment. All posticides
are to some degree poisonous to higher anmals so the mammalian
toxicologist must ¢stimate the margin of safety for cach product; that
is. the ratio between the lowest toxic dose to each class of hvestock
and the minimum effective dose that will control the arthe  od. The
margin of safety can vary greatly aceording to sp.cies wul age of
the animal. nutritional level and the impact of other stress factors.
In a national prepram. it is almost inevitable that some polsoning
will occur, but if the cause of each is determined. the numbor of such
cases can be minimized and the use hazards for each pesticide can
be estimated.

Residues of pesticides i animal products are mmpertant pub’ic
health consideraticns whenever any product is used extensively. The
magnitude and impact of residues are carcfully studied before a new
pesticide is approved for large scale use, but those studies should be
continued during th: course of an cradication campaign because use
conditions affect the storage and degradation of these produets in
the animal's body. The techniques for determining residues are highly
meticulous procedurss 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
possible dangers and avoid the contamination of watcr sources, soil,
stored food, or human habiteticns with pesticiaes. Inspectors and other
persons whose duties might cause them to be frequontly exposed to
nesticides should be carefully trained in personal safety procedures and
provided with safcty clotiing and cguipment. It these persons  are
exposed to cholinesterase-inhibiting chemicals, arrangements should
be madg for periodic determination of their cholinesterase levels and
removal from exposure Iif significant deercases in cholinesterase are
observed.

Biometrics

The exact function of a statistical group in a program will depend
cn the size and scope of the program and its ullimate goals. The
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accumulation and interpretation of statistical data might be a minor
function in a control program that could he accomplished in the
epidemiology or some other section or it might be a distinet activity
in a large, national ecradication program. As a general rule, the
biometricians will not be able to coleet data but will interpret data
obtained from ficld reports and other sources. In this regard, 1t is
important that field personnel not be  overburdened with reports,
statistical or otherwise, as report preparation should not interfere with
primary dutics. Good judgment should be  exercised and proposed
reports should be reviewed from several different viewpoints to insure
that the data and the conclusions drawn from the data are essential
to the proprr management of the program and will contribute to
proaram suecess.

Conclusions

The technical aspeets of an organized tick control program that
Is national in scope can be properly planned and controlled only if
Iocurrent, reliable teehnical  information is readily available. As a
general ruie, research carried out in other countries. oven though soie
of 1t may be pertinent, will not be adequate or fully appiicable to the
country with the prograni and some rescareil will be needed that is loeal
and iIs designed to solve local problems. The magnitude of this resecarch
will depend on size and probably duration of the program but even
a limited rescarch effort can substantially miprove the efficiency of a
tick control program and contribute to the ultimate success of an
vradication program.






Current Researchon Tick Control in Fatin America

. . * k
Joao C. Gon=ales

Dr. Gonzalez underlined the study of tick populations as a main
factor in tick control programs stating that if their populations were
controlled, their resistance and other factors would also be controlled.
He noted that this technigue is currently being used in Brazil.

Dr. Gonzalez then explained in detail cach one of the most important
factors for the decrease or inerease of tick populations. Amone them.
geographic distribution. climate and  vegetation. are very important
but similar tactors for all of Latin America. Vegetation is mainly a
direet product of soil and elimat quality. High grass, bushes and weeds
RUMVe as ao protection against extreme temperatures and also as a
spreading medium,  as ticks  are easily transferred from them to
animals,

Tick predators are another problem. In Brazil., an ostrich-like bird
mandw) and some arachnids are tick predators. In o bovines, seme
breeds are more  susceptible and  others more resistant to ticks.
Manuagement of cattle on the farn. management of dipping vats, the
mterval of treatment and the use of acaricides. all. influence the
mmerease or decrease of liek populations. Referring to acaricides, Dr.
Gonzalez said that tick resistance is a1 direct product of tick survival.

Sllllll]lﬂl'} of leeture as no formal paper was submitted.

** Universidade Federal R, G, do Sul.






Principlcs C()vcrning National Tick
Control Pr()grums

Ralph A. Bram*

The consequences of heavy tick infestations on cattle are well
known to livestock producers throughout the werld. Not only is there
a loss of 1.3 millimeters of blood for every cattle tick completing its
life cycle on an animal, but tick infestations cause irritation,
damaged hides, and  predispose animalz  to bacterial  and fungal
infections, as well as scerewworm attacks, in the wounds left by tick
bites. Of greater importance is the fact that ticks are the veelors of
two major catile discases in Latin America: bovine babesiosis and
bovine anuplasmosiz. Either or both of these diseas: s mayv be limiting
factors to efficient cattle production in manv arcas where they are
epizootic. Recent studies by Barnett (1974 a and by discuss in detail
the cconomic aspects of tick and tick-borne disease control.

The Food and Agriculture Organization is encouraging improved
control of ticks and tick borne diseases throuzhout the world (Bram,
1975), since better contral will improve the efficiency of meat and
milk production, and will substantially reduce tangible losses due to
tick borne disease epizeoties. Although each countrv must tailer its
tick-borne discase control program to fit its own unique ecircumstances
and national objectives, there are a number of basic principies which
are generally applicable to any well defined. coordinated effort.

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

# Tich Control Officer. Divisien of Health and Animal Protection. United
Nations  Food and Agriculture Organization (FAO). via delle Terma di
Caracallu. Rome. Italv. 00100,
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consideration must be given to cach of the factors whicit influence
the control of ticks and tick-borne diseases before renewing or
initiating intensive activities.

Preiiminary preparations

Obviously the first step o preparing  a national tick control
program 1s to determine the incidence and distribution ot tick species
of veterimary importance following an entomological survey. In many
countries, qualitative studies defining the species that are present have
alrcady been  undertaken. However, a qualitative and quantitative
survey of the ineldence and distribution of the significant tick species
in relation to the livesteck population  will undonbicdly  reveal
deficiencies in the kKnowledge of tick biology and popu'ation dynamics
in different ecological zones. In addition, the tick survey should answer
basic questions coneqrning the role of wildlife in maintaining different
tick populations: che status of acaricide susceptibility of the different
species in different areas and where obvious deficieneies in information
exist. research prejects should be desioned to provide answers neeessary
for an operational control program.

While conducting the tick survey, an assessment of the tick contro!
practices and fecilities which exist throughout the country should
also e made. A record of the number of dip tanks, sprav races and
hand-operated sprayvers in use. and their state 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 epizootiological survey.,
which must not only delimit the distribution of babesiosis and
anap:asmosis within a country but must also clearly define the areas
where the two diseasces arz epizootic, endemic, and non-existent. Such
data as those compiled by Mahoncey and Ross (1972) wiil have a
major infiuence on the nature of the tick control programs in different
areas. As with the tick survey, the cpizontiological survey will highlight
informational deficicncies and stimulate applied research neeessary
for the program.

Utilizing the data  obtained irom  the tick survey  and  the
epizootiological  survey, @ comprehensive plan for a coordinated,
country.wide tick and tiek'borne disease control scheme can be
formulated. This docs not necessarily implv a rigid, uniform, country-
wide plan. On the contrary, there should be a flexible plan including
variations for each of the ccological 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 at
all. In formulating a comprehensive tick and tick-borne discase control
scheme, deeisions wiil he tempered by the availability of financial and
manpower resources and technieal cexpertise, as well as by the cconomie
benefits expected from the control nrogram. It is. therefore, necessary
that an cconomice anulysis be conducted by Arained economists in
consultation with knowledgcabl: specialists in the control of ticks
and tick-borne diseases.

Program execution

As a pencral principle,  control should pe organized as a
responsibility o government animal health  authorities; decisiong
affecting control initiatives would thus be made within the perspective
of a countrv's total animal  health  comimitment Usually, the
administrative structure, ficld organization, and field staff already
exist within the appropriate government animal health agency and
it s, therefors, more  efficient and  cconomical to utilize {his
establishment as the foundation for a control program, which should
include: extension. research. surveillance,  quarantine and actual
control techniques.

For any animal discase control program to maintain its momentum
effectively it is Neeessary to have the total support and cooperation
of the agricultural community. Education and extension. therefore,
play . primary  and continuing role in a national tick control
program. Bringing information to the large rancher or the owner
of a single cow is a formidable task, but it could easily determine
the long-term success or failure of a well planned and supnorted
program. Infarmation on  the abjcetives  and procedures  of the
program must be prepared in g convineing, understandable format
and widely distributed (o the vavious azricultural seetors. Practical
demonsfraiion ranches, criphasizing the cconomic benefits to be
realized  from  cffeetive tick  and tick-borne  discase control, are
invaluable in stimulating loeal cooperation. Handboolks outlining the
cutire program  are neeessary to establish consisteney amonyg  the
professionals responsible for program execution (sce Gonzalez. 1957)
and it may be desirable to employ the news media {o bring information
to the producer level

Applied researcl, designed  to provide solutions to basic control
problems, is g4 continuing component of any control activity, It has
been estimated that at teast fen pereent of the tick control budget
should be devoted to research (Graham, 1975). The rescarch team
should consist of entomologists and veterinarians and should have
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the flexibility to investigate problems in any of the various ccological
areas.

We have seen that surveillance. both for ticks and for tick-borne
discase, is indispensable to the preliminary preparations for a control
program. and when it is in operation the need for tick and tick-
born: disease surveillance does not diminizh: indeed it is unportant in
order to provide data on the sucesss of the program and to indicate
when adjustments in operational plans are required.

In some programs, particularly those which include arcas of tick
eradication in the overall scheme. it may be necessary to enact
gquarantine repulaticns which restrict animal movenments intu tick
and disease froe arcas. Althougn never a popular compenent of any
prograny, the realization must be faced  that strictly  enfloreed
quarantines are essential to prevent reintroduction ol ticks and dizecase,

At the outst. most control programs are based on the use of
chemical acaricides to kill ticks. The seleetion of acaricides to be
used in the programy will depend on several factors inchuding:  (a)
availabilitv of compounds; (b) price considerations: (e} susceptibility
of the wvarious tick populations to the different chemicals; and ()
methods of applicati m. The methods of acaricide application will
depend on livestock managoment  practices  and availability  of
cquipment. Cattle dips are by far the most efficient. effective and
fool-proof means of applving acaricides. This technique is followed
in importance by spray races, hand-operated sprayers, and finally
hand dressing. It may be necossarv for a program to encompass all
of the available techniques o acaricide application. A national
program, however, cannot afford to depend exclusively on  the
indefinite use of acaricides. From the very start. an cffort should
be made to develop alternative methods of tick control which can be
incorporated into an integrated program including strategic dipping,
pasture spelline and resistant cattle. These techniques have been
emphasized by Warton (1974) who has stressed that we must cither
eradicate the tick where this is economical and feasible or reduce our
dependerice on acaricides.

Tick control versus tick eradication

Usually, programs which aim to achicve cradication cventually
falter, with the result that large populations of susceptible livestock
are left unprotected and subscquently succumb to one or more of
the tick'borne discases. Therefore, nation-wide tick cradication is not
to be encouraged as a program objcctive 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 cnormous commilment of financial and manpower
resources, far exceeding that required for an effective control program.
A national tick or tick-borne discase eradication effort should only be
attempted when a long-term commitment of adequate finances, man-
power, facilitics and dedication are assured.

There arce, however, speeial cases where @ national policy of tick
eradication is indicated. When an cxotic tick speeies of  veterinary
importance is introduced into a country, cvery cffort should he made
to achicve its eradication before it becomces fully established or extends
its range beyond the point of initial introduction. Eradication under
these circumstanees can reasonably be accomplished by massive control
activities in o fimited area supported by the regulatory authority to
prevent its spread,

Eradication =hould also be considered when a particular tick
species 1s present inaomarginal ecolonical zone. In sueh cases, both the
hostile envivonment and relentless control efforts make successful
cradication probable. Thus, within the framework of a nationwids tick
control program there may be  valid opportunities 1o include arveas
where tick eradication is o reasonable objective. The question, then,
is not tick control versus tick eradication. but rather tick contro! and
eradication,

Suimmary

Due to the cconomic consequences of heavy tick infections. the
Food and Agriculture Organization is encouraging countries throughout
the world to intensify their efforts to improve the control of ticks
and tick-borne discases. Preliminary preparations for a national tick
control program include: an entomological survey: an epizootiological
survey; amn assessment of existing tick eontrol practices, facilities and
an analysis of the cconomic benefits to be expected from improved
tick control, and the formulation of a comprehensive, eoordinated
tick and tick-borne disease control scheme.

As a general prineiple. tick and tick-borne disease control should
be organized as a responsibility  of government animal  health
aunthorities. Although tick control programs must be tailored to the
specific objectives, reseurces and requirements of an individual country,
every operational program should at least consider including: extension,
rescarch, surveillance, quarantine and actual control techn.ques as
hasic program components.



Usually, programs which aim to achieve cradication eventually
faiter, with the result that large populations of susceptible livestock
are left unprotected and subscquently succumb to one or more of
the tick-borne discases so that nation-wide tick eradication is not to
be encouraged as a program objective in devdloping countries, Spectal
cases where o national policy of tick eradication is indicated include
situations whore an exotic tiek species of veterinary  importance is
introduced into « coumtry and wiv-n a particnlar tick species is presont
in a marginal ecological zones Thus, within the framowork of a nation-
wide tick contrel proaram ithere may be valid oppertunitics to include
areas where tick cradication is o reasenable abjective.
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National Campaign Against Ticks
Luis Beltrin *

Diagnosis

In Mexico. cattle occupy, without a doubt, a prominent place in
the animal production sector of our country, not only for their total
production value and their products for the internal znd external
market but also, for the large areas of land in whicl they are
developed and the jobs they provide tor people.

In the last decade 1960-1970, the national bovine Population
showed an annual growth rate of 3.9 pereent, o coefficient stightly high-
er than the national human population prowth rate (3.5 ). Such a
pereentage expresses o low proportion of cattle per inhabitant due to
a slow inercase in cattle, i.e. 0.508 bovine liead per inhabitant in
1960 0.540 in 1970, It should also be noted that we ineluded the
cattle producer of meat, milk and the dual purposs breeds.

If the bovine production does not increase at the same rate as the
human population as was show in the last deeade, the fulure shortage
of bovine products (milk, meat, hides. ete) 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 econoniic losses from ticks; they
interfere with cattle improvement programs and impede the development
of an important productive agricultural sector

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

* Director. National Tick Campaign. Mesico.



It is also calculated that in infested arcas 150,000 head of cattle
die annually from diseases transmitted by the Boophilus tick with a loss
of $ 225,000,000 pesos.

In the country, there are areas with great grazing capacity which
have stopped development because of the ectoparasite presence which
does not allow hirhly speeialized breeds to be oxploited i such areas.
In an infesfed zonc, a calf loses between 40 to 50 Kilograms or more
of weight due to tivks during its productive lifetime. This figure could
be particularly dramatic ir we consider that without the parasite this
animal could develop into a bovine of a highly specialized breed in
meat production. Livestock losses in Mexico represent 550,086,500
kilograms of meat per vear. If we calculate a price of §6 pesos per
kilogram. the losses amount to 53.000.519.000 per year.

Hides of cattle suffer serious depreciation; sears. semetimes very
decp from tick bites, and enlarged many times by serewworm attack
which maim their industrialization and reduce their value up to 40
percent. The losses may reach §58.500.000 pesos.

The Food and Aericulture Organization (FAO) indicates that in
those countries which have an adequate veterinary service and a high
degree ot rural culture. the losses caused by diseascs veach 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 ave deficient the percentage
of losses oscillates betwzen 30 and 40 percent. (Mexico is among this
last group of countries and suffers a loss of spproximately 37.3 pereent
of the total value of its commercial livestock production (FAO. 1962).

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

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

Mitk $ 303,750,000
Deaths S 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 animal 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 ot better systems of bovine
exploitation, eradication of ticks and elimination of the major bovine
ailments such as parasitism and discases affceting  cattle, many
carried by the tick (which is considered to be the primary constraint
against the development of Mexican cattle).

Disease and parasitosis combined with poor nutrit on constitute
one of the major problems atfreting Mexican cattle. Their effects are
the cause of low animal preduction and the poor quatlity of cattle
products, high infertility, temporary sterility. low birth rate and high
mortality rate.

Therefore, ther: is a need for cattie development, fighting the
causes of their stagnation in order to face the increasing demand for
autritional food and industrial raw materials required by a growing
population.

Background

We have known ticks since long betore the eolonial 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 pionecrs of veterinary medicine, Dr.
Eutimio Lopez Vallejo and Emilio Fernandez made some studizs on
ticks and their role in the transmission of discases long before Smith
and Kilborne discovered in 1889 the ctiological agent and the role
of ticks as veetors. When the 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 1926, he began in the state of Tabasco and imposed by
law, the building of dipping vats to fight ticks. Later, Dr. Manuel
Chavarria Ch., professor of Parasitology of the National School of
Veterinary Medicine did some work related to tick classification, its
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Program Aims

(a) Short-terni: establishment of the technical-administrative
part of the fideicommissium base on which the ampalgn work
will rely. Tne programmed hudget for the first phase 1976-1980
will be used for this purpose.

(b) Mid term: field work pertaming to the Buophilus tick
cradication and the control of other gencras. The aim is Lo
eradicate the tick wilthin the first four vears {from 130.958.727
heetares in the states of: Aguasealientes, Buje California Norte,
Baja Cuwifornia Sur. Cozhuila, Colima. Chihuahua, Durango.
Guanajuato, Jaiizeo, Navarit, Nuivo Leon, Queretaro, San Luis
Potosi (A), San Luis Potosi (1T), Smalow, Sonora. Tamulipas, Ve-
racruz, Yucutun and Zacatecws In this phase dipping tanks will
he construeted giving tinaneial aid to the poor cattleman. This
will cost US $ 16 million.

(¢) Long-term ¢hetween five anu eight vears): the eradication
of ticks in the total extension of the national territory. Starting
the fifth vear with intensive work in the federal entities in which
the promotion campaien will have been made during the first
four years to sensitize the different sectors.

Technical basis of the campaign

The objective is 1o break the biological eyvele of the ticks by dipping.
Cattle will be concentrated in a pretected area or ranch and a 14-16 dayv
bathing intorval will he imposed for all cattle in the contrsl or eradica-
tion arcas to kill the cmerging females on the host and also to stop
maturity on days 19 or 21 thereby preventing the adults from dropping
to the ground and depositing eges. (This “round up” operation would
also force cattle owners to build more pastures  or to divide those
already existing thus, offecting better herd management which should
produce a higher birthrate and an improvement in the use of the
forage resources.)

The prrsonnel assigned to this program supervise: (1) dipping of
all cattle in the area: (2) the correet use of acaricides and the proper
handling of the acaricide immersion bath to prevent the occurrence
of a probable resistance to ixodicide products.

The acaricides used in the tick campaien are also effective against
other cctoparasites such as mites, lice, horn flies, ete., while other
rezootie diseases affeeting the national livestock can also be controlled
through periodic concentration of catile which is also useful for
vaceinations, horseshoeing, castration, phenotype selection, ete.
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The basis for determining a correet bathing interval, which is the
foundation of the campaign, is the identification of generas and species
oi ticks parasitizing cattle in the arca. Thercfore, periodical collections
are made and the specimens are sent to the National Laboratory for
tick classifli f;lt’nn i Alexico City where 240,680 specimens have already
been identified. Of these, 54 pereent are Boophilus and 28 pereent
Amblyommu. and 18 pereent corresponded to Rhipicephalus, Derma
cenfor, Otobius and Ixodes.

The colleetions huve been extended te wild animals in which only
seneras and s pux. 3 highly specifie to the host have been found. and
which only accidentally parasitize domestic animals.

~trategies

The foliowing is the demarcation of the working areas:

Promotion

The first step te begin the campaign in a state is the elaboration
of a worxking plan which is the basic structural information on which
the campaign relies. Its foundation will be preliminary information
given by field personnel consisting of: geographical data. cattle census.
cattle routes, incidence and distribution of ticks. ¢te.

An intense information program will also be carried out based un
coaferences, films, slide projections, pamphlets distribution, practical
demonstrations; all with the purpose of motivating the cattle owner
showing him the necessity of fighting the tick for the henefit of his
family patrimony. Then, he is given professional advice on the location
and construction of the dipping tanks; the corrcet use of acaricides;
the proper handling of cattle and periodicity of treatment,

Control

Dipping vats are installed in an areca, 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 surveys are also made to verify the decrease of the
tick incidence,

Field experience has shown that it 1s also important to restrict
cattle movement toward the zones in the campaign; quarantine
stations will be providid and also mobile units for surveillance to
block the cattle paths. The quarantine pens wiil be made of steel and
portable so that they can be used several times.
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Eradication

Certain geographical zones are submitted to special measures to
climinate the tick. This area will be incorporated into a free zone after
two years of scasonal inspections.

Free zone

In this geographical area the tick does not exist in its natural
form or whicl, has been  eradicated through a tick elimination
campaign. For a zone to be declared officially free, the Agricultural
and Livestock Scerctary receives documentation with data ol hectare
surfaces, cattle census by speeies, number of properties and places
under surveillance, owncers and quarantine stations. From our expe-
ricnce, we stress that there are four basic factors which must be
present for the success of not only a tick campaign but any health
ampaign one undertakes:

(1) Proper legistation

(2)  Sufficient financing

(3)  Correct technical planning

(4)  Complete cooperation from the livestock sector.

Success s certain if all of these are present and in harmony. If any
of them is absent, there s the risk of failure.

To obtain greater administrative flexibility  which the National
campaign required. the Fideicomissivm National Tick Canmpaign was
cstablished to handle funding. It is administrated by a Technical Board
which designates the line of action and a special fiduciary represen-
fative who is the executor of the program; the purpose heing to avoid
the problems of official procedures.

Two managements, the administrative and techniceal, depend upon
tie fiqueiary representatives.

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

The technical management is carried out through a state chief who
Is in charge of all aspeets of the technical planning in all the states.

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 vwill be in charge of inter-
relating the state campaigns, to correet any tochnical mistakes, to
supervise the technica! planning of the campaign, to make sure such
plans are accomplished and to compile ali the information at a national
levell This depariment will have six professional instructors charged
with giving  periedical and  permanent  courses to mepeeters  and
supervisars in each state. This department will be in elose relationship
with the Planning and Evaluation Department which will SUPCIVISe
and foliow the dovelopment of the procram. and do cost benefit
analyses.

The censiderable increase of activitics expeeted from the tick
campaign emphasized thy need for clectronic data processing to handle
the information ror the contrel and deeisions of the campaivn. The
information should conie from the different activities of the campaign
personnel as an orientation requisite for efficient work or as o product
of direct research usetful in p'anning and evaluation.

It

The areas whichi will need electronic assistance are niainly  those
in which manual processing i3 not adequate for the grrat amount
of daily information and because there is a need for continual current
reports.

Preliminarily, it is thought that the clectronic aids can be used in
the following areas:

(A) Handling of personnel and payrolls will comprise nearly 3.500
records of people working with the program; cach record will
have between 20 and 30 personne! and iocation data.

(B) Controller will provran: and control pavments al a state level
for each sector,

(C)  Evaluation and ceonorae planning will provide o system for
ccllecting data of the programs’ activities 2t a municipal level,
which implics that more than 2,500 questionaires of about 50
to 60 questions each will need to be completed. Also, periodical
processing of such data will be the statistical hase on which
a comparison of the program’s activitics and control can be
evaluated.

(D) The Nationa! Center of Animul Parasitology to be established
will need data collection from the program to complement or
modify the tcehnical strategies or data of useful material for
making laboratory models which will later be used in the
field or as evidence of cxperimental results.
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Another use for this electronic data processing and probably the
most important one from a medica’-scientifie point of view and, also,
from the point of view of planning and program contro:, is the control
and simulation of experiments in the different arcas for the National
Center of Animal Purasitology The  sinnitation and  control  of
experiments  arve complementary to the caipaign chralegics of the
program and  point to  different alternative. in the teehyical and
ceconomical stratesies. AN this with the pirpose of net only solvine
the probiems tha! may arise but aleo (o prevent them before they
cecur and thus pain tine and efficiency.

To accomplish the proposed aims. the Information Department will
have 32 employcee-professionals specialized in Social Information. There
will be 16 trucks cquipped with living guarters, and carrying slide
projcetors, films, pamphlets, cle. These communication specialists will
be the pioncers in the now zones o motivate the cattle owners and
farmers.

The tick infested areas of the country have been divided into 165
zones whivh will be served by the zone headquarters of the area,
staffed by a chief veterinarian and a sufficient numb-r of supervisors
and inspecetors required to cover the zone (Table I).

Table I Present scope of the current tiek campaign in hectares

I Total surface arca of Mexico ... 197,254,700
1I' Total surface area of tick free zone ........ .. . .. 72,201,701
I Total surface area of tick campaien oo 32,751,468
a) Tick eradication zone ... .. ... . 7,321,828
b) Tick control zone . . ... . 7.912,297
¢) Promotion zono ... oo 17,517,343
IV Total surface avea of tick infested zone ............ 92,301,527

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

At present, there are 12504 dipping tanks in the campaign area,
of which 811 are official and 11,693 are private. In the control areas.
cattle, horses, and goats arc subjee! to dipping. In 1974, 12.688.488
animals were dipped in the campaicn zones and 2449838 hectares
were ineorporated into the tick free zone. This area corresponded to
the states of Baja California, Coahuila and Zacatecas.



The f{rce 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, and has 75 quarantine stations, ranging from
small to large accarding to the movement of cattle passing through
them. In these stations, the cattle going to the (ree zone will be
inspected, dipped and on some oceasions guarantined.

A Manual of Basie Information, Inspector's Manual, Supervisor's
Manual, Manual for Veterinarians, Manuad for Applving Inxodicides and
one edited in simele lanvuavce for the cattleman entitled, Death to ticks,
have been published  Also, there is a book in press called The Impor.
tance of Ticks in Animal Health which contains some highly technical
chapters.

The National Headgquarters is aware that better training of its
technical personnel 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, Aguascalicnles. Chiapas, Nuevo
Leon, Sinaloa. Coahuila. Yucatan and Veracruz.

A course lor veterinarians gives them current informatien about
the advances obtained in the tick campaign; at present, courscs have
been given in Monterrey, Culiacan, San ILuis de Potosi, Saltillo. Gua
najuato. and Nayvarit. When problems affecting several states arise,
interstate meetings are prozrammed to search for solutions.

National Center of Animal Parasitology

It is necessary to have a proper technical-scientific support for the
work to be done by the National Tick Campaign to cradicate the
Boophilus genera and to control the other genera. This will be possible
with the establishment c¢f a National Center for Entomological
Resecarch and Pesticide Control. The ohjectives 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, ampie residual
power, easy handling, cte., thus preventing a future obstacte
in the implantation or mnodification 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 Rescarch and Pesticide
Control will have the following sections:

Taxonomy Section

The classification of ticks is indispensable to  determine the
geographical distribution of these parasites throughout the entire
climatological spectrum. It is possible to conden.c the experience from
prior classifications to continue the work of identification of ticks in
order to determine the parasitic species and their incidence in the zone,
which will be related to the ceological zone.

An understanding of the tvpe of tick is basic for the elaboration of
research programs and cradication. The funetions of the dissemination
of the entomological sampling results and the application of the
taxonomic rescarch results, will be the basis for epidemiology, and
toxicology rescarch.

Incuhation Section

This section will supply the biological material for all tests in the
conter.

All the genera and species which are found in the country will be
incubated, especially Boophilus which accounts for 57 pereent of the
ticks classified at present; if resistant lines are found this seetion will
work with them m coordination with the cenetics section.

Calves and rodents will be used tor the reprodiretion of the parasitic
phases, the ecggs and the non-parasitic larval phase will be raised in
temperature and humidity controlled incubators.

This seetion will have ua laboratory., an incubation room. and
completely isolated living quarters so that personnel will not come
into contact with ixodide substances or with the animals used in the
reproduction, thus avoiding probable contaminatios..

Biological tests

This scetion will be essential to the center's activities. Here, the
cffectiveness of the acaricides will be tested in vitvo or in vive, Toxicity
lo 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 lethal action. Once these tests have been done, {he chemicals will
be tried on tick infested animals exposing all tick stages. This operation
vl be carried cut in the buth part of the biological experimentation
of each product, The sroups of aniimals will be treated first by aspersion
quantifying chemical activity, then by dip p. 1. The animal will remain
under obzrrvation for a reasonable period of time. The percentage of dead
teks will be obtained and if there were som: lm' ticks ramaining tley
wil i transterred o the incubation tanks to verity i there is anv
mhibitery action agains, n‘;i'msiii(‘n\. I this is necative, then it wil
f

b peecssary to o vorify If the eggs are rortile or not.

When all these tosts have been dene in the center, cach product
Vil be raken te the ficld to b used in the dipping tanks controlled
- the teehnieal perzonne! of the seetion. Sueh dip tanks would be

!ocntorl in all parts 01' the cawary. under different elimatie conditions.
soils, cattle breeds (dairv, meat, short haiv or lone hair) for the
phservation of the m“'d chemical activity. Based on the results obtained,
the chomical regivtration would be approved or denied. The dip tanks
will be equipped  with small meteorological stations to contro! the
environmental factors and type ¢f waler to determine their influence
on thz cffectiveness of every product.

Toxicnlogy

The extensive use of pesticides,  especially  insecticides, has
introduced new hazards for men. cattle and the ccology. Some of them,
like the phosphizies, are dangerous if used in a careless manner.

LUy
Atthourh. the cases of intoxication have generally been cauvsed by
human mistalkes.

The baitle against ticks demands the uze of such pesticides which
contain varicd formulas  depending upon the time, eountry, cte. Some
of the chemical families are more important than others. All chemieals,
due to their molecular coufivzuration, can be toxic in every stage of
life-—reason encugh to study their modus operandi, their qualitative
and quantitaiive Importance on the ceological cyele to prevent a
disastrous imbalance in nature.

This section wili study the toxie levels ot theze products, metaboiism
and eliminaticn levels in animals. The emphasis is on  animal
by-products whicii could be contaminated with insceticides thus
becoming hazardous for men.

A laboratory will be established where work would he done on
pesticide rusidual studics, the effects of various conditions on the
acaricide such as: pH; type of waler; salinity; type of soil; climatic
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conditions; cffects of the microfauna and microflora of the dipping
tank; dynamics and process of chemical biodegradation.

Physical-chemical

Theacaricide, o a chemical, must he studied starting with its structure,
physical propertics and chemical interactions with disselving agents
of the dipping tanks, 1t iy important to define: (1) the behavior of
the ixodide  wearicide types  according o their physical.chemical
properties in the diffevent waters of {he country; (2) to study the
biodegration dvnamics and other factors from a gualitative and quan-
ttative poini, ol view o know how {he acaricide activity can be
modificd by poluting agents in the funk; (3 to evaluate the interace-
tions of dipping materials: (1) effets of climate on stored ixodicides
In order to detcrmine the caducity, behavioral modifications and to Cross
check standurd methods: (2 to exarine the acaricide per se, its nature,
structiare. ¢te, under different handling resimes.

Tick geneties

This speciality wili be developed largely because of the problem of
resistant tick lines which will need a major d-sis and longer exposure
time to the insceticide 1o couse mortality,

The genetic material of resistant ticks becomes modifisd  with
coded proteins for the diverse mechanisms which inhibit the acaricide
action (these being genetically drreversible)  and are transmitted to
the progeny.

It is believed that resistance is producad by seleetion pressure. The
genes exist independently of the ixedicide or ave mutant genes. Resistance
may be sadd o be due to genetic synergism. There is the possibility that
such genes oceur in ticks in Mexico, Therefove, we are thinking of tick
survey patterns matcehing those ceological arcas similar to thase of
the countries already facing tick resistance.

Parallel to the survey is on emergencey plan te control the possible
development of a resistant tine. The plan would utilize such data as:
infrastructure, ceology, populatien dynamies, cattle structure, and a
program of eradication specific to the tvpe of resistance and ixodicide
in question.

Ecology

To e dble to mark the activity arcas of the tiek. its behavior cyeles,
ete, 1t is necessary to study the relationship of ticks with other
animals (parasitism), ticks with ticks (popu’ation dynamics) and the
influence of the environment on the tick.



The country has been divided into ecological zones and integrated
studics on flora and fauna. considering the lmitations of the areas,
will be undertaken. Studies about the substrate and climate together
with those already mentioned will establish the bases for studying tick
population dynamics.

Sonmie work will also be developed on parasite distributions, timwes of
appearance.  identification  of limiting  factors, determination  of
structures by sueeies, diversity ratios by species, general  diversity
ratios, cte.

At present only the theoretical program, methodology, and the design
of the survey model have been developed.

A study of ceology of parasitism is planned containing  such
subjects as: effects of ticks con their hosts: general tick ceolozy,
behavi o studies: zoogeographic distribution; host-parasite specificity.
and evolution and regressive tendencies of the parasite in the country.

From suech studics a program will be designed according to the
ecnlogical situations to obtain better resulis since it will be possible to
use natural forces which limit the spread and incidence of ticks in
cattle production.

Experimental pathology

Ticks play 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 bhased 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 discase cffects on cattle production. This vision of pathology
associated with ecology to sonlve the problems based on rescarch calls
for the following specific subsections:

fa) General pathology

(b) Immunofloresecence

(c) Histopathology is required sinee of all the discases transmitted
by ticks the most important is piroplasmosis which affcets
the red cells and causes ancemia from loss of blood. Therefore,
special projects are needed to supervise the therapeutic and
prophylactic systrms in usc.

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 ficld analysis must include: parasite ratio
and availability, efficiency and utiiization of insccticide control
measures, A study of tick morbidity and mortality effects of vaccines and
therapeutic rugs must also bhe condueted. Observations of the tick
situation and the regular distribution of the data from the field to
the epidemiology departments would serve to dictate or modify the
pattern of action of the tick campaign.

Statistics

A main cause for the actual ignorance of various problems of
cpizootiological, sociological and administrative order in the research
field and purasitic control programsis the deficiency of basic information
which is delayed, incomplete and inacceurate, Therefore, o research
center must include o statisties scetion containing activities such as:
design formulation, data eollection and instructions ror claboration
of analysis and presentation of such information. The ideal would
be a biometries department to coordinate the resulls of the research
done for the different departments and to c¢aborate experimental
designs of the tests to be done. These specialized pzrsonnel would also
train new people for collecting original information that is valid from
a statistical point of view,

Presently, the distribution, poreentages, medias, ete., and studies
of inferential statisties on the tick have been developed in Mexico,
and integrated into epidemiological disease statistics like piroplasmosis
and anaplasmosis to establish relations concerning  disease progress,
the development of programs for the solution of tick problems entirely,
and their correet evaluation and presentation.

The center will include a moadule where the director, subdirector
and administrative seetion wili be located: it will also have a library
and muscum seetion,

The pedagogical worl will take place in an auditorium specifically
built for the purpese which will be equipped with film and slide
projectors, and simultancous translation.

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

(b) Incubation and biclugical tests: every stave in tick intestation of
cattie will be verified through examination of all teots done in
the center, sinee all the predominant species wili be raiscd. One
could also demonstrate the effectiveness of different acaricides,
their toxic aclivity on the various genera and studies carrvied out
on the different tick stages. both in dipping vats and sprayving.

(e) Toxicologyv: the courses witl deal with pesticide cifects on animals,
lethal dosage (00, ). and possible intoxications and animal reaction
to ixodicides.

(d) Physical-chemical: courses will be presented 1o determine
insecticide concentration and factors influencing the conduct of
the ixodicides in the vats (even if these drugs have been used
before) and the measures needed to solve these problems,

(e¢) Ecology: the courses will deal with the followine 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, prophyvlaxis, control
and cradication of the disrases being studied at the center.

(g) Statistics and Epidemiolooy: a large amount of data will be
presented on the statistics and epidemiological requirements
necded to correctly evaluate field problems in the campaign and
for accurate interpretation.

These training courses will be eccomplished with the coordination
of all the fi~ld perzounel since their work and experiznee in the ficld
would lead the planning of research work in the laboratory.

o
It has been an honor to address this distinguished body and to
express to you aspcets of our number one problem for iivestock in
Mexico—the tick. The objective of this taik has been to let you know
how the National Tick Campaign has been planned, its technical
development and achievoments.

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 sclf-improvement, dedicalion and determination.

The battle against ticks in Mexico has been characterized by its
creation from wvero, without the necessary cceaonlic and materialistic
clements which were suppiicd because we bolieved it was the challenge
to take. I have cxpressed these coneepts here breause I believe they
are basic pillars when introducing any sanitary campaign, not only
against ticks, bul any m all Lotin American countries,
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Summary ol Discussions of Papers l)y:

O.H. Grahan
foao . Gonzdles
Ralph A. Bram

Luis Beltran

Dr. Stephien Barnett (England) suggested that the discussion be
limited to Boophilus microplus and that importance be given to the
ccobiological aspect without delving into tick resistance to acarcides
which would be treated later on.

Dr. Alfonso Escobar (COOPER, Colombia) maquired when cattle
dippings should be given and at what intervals, Dr. J. Gonzilez (Brazil)
replied that ticks are more suseeptible when initiating the nymphal
metamorphosis. the period when the sexual rorms start o appear.
He recommended an interval of 14 days.

It was suggested by Dr. Escobar thal baths at i+ day intervals
perhaps wouldn't attack nymphs However, Dr. J. Gonzales replied that
metanymphs are susceptible.

Dr. Ricardo Ochoa (Colombia} indicated that in order to maintain
immunity against the hemoparasites same ticks must be left on the
animal He asked, if bathing intervals of 14 days are recommended and
how could this be done. Dr. J. Gonzalez recommended 14 day intervals
as the longest period but added that the frequeney of the bath depends
on the tick population: if this is diminished, the bath should not be
siven. Three baths at 14 day intervals are ricommended. Then the
cattle are examined and the tick population is estimated, If it is
numerous, two to three more baths are indicated. Onee some balance
has been accomplished, the baths are suspended. Surveillance is a
very important factor.

Dr. Guillermo Mateus (Colombia) asked, if the days of residual
effeet of the product used are included in the 14 day interval, would
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it not be bettler to bathe every 18 or 20 days. Dr. J. Gonzalez maintained
that despits the indicalions of residual power, what must really be
considered 1s the residual Ieft in the animal's hair. Phosphorate
res;dual has been found 30 days after the animal was dipped, but it
is not known i{ this would prevent tick reinfestation. He added that

1

1t wouid be risky to iely on a factor whose efficiency is dubious,

Dr. Hernan Zaraza (Colombiay stated that the relationship of the
host-parasite should not be interruptcd. Fregueney of the baths depends
on tick populations. Surveillance must be done by trained personnet.
Dr. Barnett repiicd that he thought the 14 day interval for baths
was  the more adequate, nevertheless  striet regulations  cannot be
followed, He stawted that nmwre experimentation is neoeded in Latin
Ameriea,

Dr. Kenneth Thompson (CTAT, Colombiay asked Dr. J. Gonzalez to
claborate on the lite ovele oo the B microplus i Brazil. Dr. J. Gon-
zalez oifered the “ollowing data:

Larval stace carvae and metalarvaer Uo7 days.
Nymphal stage mymph and metanymphy: 5 to 16 days.
Adult stage (malcs: 12 to 39 days.
Adult stage (femalesi: Ist neogina: day 3.
fast neogina: day 35,
Most frequent moltings:
Larvae: da* 1.
Nymph: day 8
\Ltammph days 9-14.15.
Hatching: 2.3 days in Dccember, Junuary and February.
Oviposition: Minimal perinds: 6-7 days in warm months in Decem.
ber and January.
Eclosion (to differantiaie this from oviposition).

The life of the larvae: the larvae can lve 240 days in warm and
humid seazons. Heat wilt kil the jarvace: cold will preserve them.
The larvace deposited in eold seasons (June-July) die more (*asily‘

Dr. Thompson inquired how long it takes for the development and
subsequent hatching or the eggs. taking into acconnt the cycle of
E. microplus on the ground. Dr. J. Gonzalez stated thalt tem
perature greatly influences the period of pre-egg layving when the
adult tick drops rrom the animal and starts to lay cges. With favorable
temperatures (warm months) rminimal cclosion period is 17 days.

Dr. Barnctt asked Dr. Gonzalez if the information oblained from
his experiments in Brazil have been published. To which Dr. J.
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Gonzaley replied that everything concerning the biological cycles has
been published.

Dr. Gavin Braithwaite (ODM, Argentina) inquired if the rigures
concerning the biological cycle of the Beophilus microplus tick were
obtained while working with temperatures at the field or laboratory
level. Dr. Gonzalez replied that the work was done at the environmental
level,

Dr. Mareclo Rojas  (Peru) mquired about methods for studying
larvae in the ficld. Dr. Braithwaite stated  that larvae have been
studied measuring them in three different environments. The engorged
femuales were placed in the thres areas and dates were recorded. They
were observed three times a week in summer and two times in winter
until the larvae emerged. The most important stage was the pre-
hatehing  period  (dropping  of the engorged  female)  through
observation of the first larvae) and larvac survival,

Under natural conditions th: pre-hatch period lasted 80 days in
winter and 27 in summer. The maximum duration of the parasitic
stage was 0 days in winter and 63 in summer. The meteorological
conditions were measured. This was done in nine different environnients
and there was always one conirol in the laboratory.

Dr. Rachel Galun (Israel) asked if the Zebu Brahman breed is
being crossed in Brazil in order {o increase resistance to ticks. She
asked if this resistance 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 ihat as Zebu blood increases,
tick susceptibility decreases. It appears that thickness of the skin is
not important since there is information thai Zebu skin is even more
delicate than that of European breeds. Some people believe it is due
lo the presence of sudoriferous g'ands. However., he  belioves that
resistance in Zebu catile is humoral in nature.

Dr. Rojus staied that there is information that resistance response
oceurs through serous histamine, depending on genetic factors. Zebu
have 83 percent serous histamine, while European cattle have less. He.
therefore, believes that resistance must have a genctic basis.

Dr. Antonio Gonzalez {Mexico) commented that the hypersensitivity
phenenienon observed in Zebu  eattle is what egives them  their
resistance. There are certain anatomical-physiological characteristics
which give them  this capability. The inoculation of certain shark
liver oils leads to conditions in which the ticks drop from the animal.
This oil was mixed with extracts of fat elands {rom Zebu skin. When
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ticks feed there is an exudation of material around their hypostome.
Ticks then adhere and die.

Dr. Barnett inquired it there were in Brazil any national program
to promote the crossing of Zebu cattle with Pos tauras to confront
the tick problem. Dr J. Gonza'ez indicated that thore were programs
mainly in the traditionul arcas of exploitation of Furonean breeds,

Dr. Galun asked if there had been any research on cattle breeds
resistant to ticks. Dr. J. Gonzalez stated that he did not Know of any
such programs.

Dr. Barett neted that no one has worked on the eeonomical
aspects of babesia and anaplasmosis. In Argentina, there is no data
about the cost of the eradication campaign.

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

Dr. R.J. Bawden (FAO, Uruguay) stated that the program imust
clarify its objectives and define its methodology. In Uruguay, there
is a plan to study the importance of tick-borne diseases. Such a plan
could be used to study other dissases 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) Diagnosis - Mcasurcment - 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 ¢guation from the Economic Bureau of Australia; it
can be isolated and measured as a percentage of the depression
in production (Johnson, Australian economist). fIncludes the
probability of anima's which get sick).

(b) Classification of the losses.
Handling study.
(¢) Controlled field experiments.
Analysis of cost henefits of control; there arc threc phases

which are important to measure and evaluate.
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Dispersion.

Reproduction,

Infestation.

Description of the eradication Parameters, analysis of the
responses fo the control measures. Development of the control
program must be studied at the individual producer lzvel and
then generclized.

Macrocconemic analysis—The market repercussions are measured
by macrocconomic analysis. The government must analyse the
control situation according to the national investiments, ete,
and with the data obtained by the scientists.

Dr Mateus as'zed Dr. Beltran to clarify some aspeets of the tick
campaign in Mexico. He asked what were the studies on factibility:
the basic data before initiating the campagn and the most difficult
problems the campaign must face. Dr. Beltran replied that they must
be one step ahead of the tick and the strategy was to convince the
farmers of this. The decision to use dipping vats was due to the
idiosynerasies of the workers since aspersion baths were unsatisfactory.
Dipping was more economical in Mcxico. The most important problems
faced were socio cconomical in that there was little knowledge about
tick damages and control techniques. The farmers vegarded the tick
as a nutural thing to be tolerated.

Dr. Barnett inquired if Dr. Beltran lias been able to szl his
cradication program and ir there were results to support it. Dr.
Villasenior replied that they were opportunists—they had a leader, a
salesman in the person of Dr. Gustavo Rota, who knew how to sell
the tick program. Also. the economic noment was  favorable.
Government changes made it difficult to obtain money so that publie
opinionn had to be mobilized and then the government convineed. Dr.,
Villasefor added that there is a need for data on lossss caused by the
parasite and its discases and to persuade the government to control
them. The idea has to be sold. Eradication should not b- proposed
from the beginning, first the tick must be controlled.

Dr. Graham stated that eradication in the United States tuok {rom
1906 (o 1943 to be suceesstfol,

Dr. RJ. Bawden (FAO, Uriaguay)  stated that Australia has
Gropped iis cradieation campaign which cost them more than US $ 2
millon per year. They now believe that ticks are out of control and
that cradication is not a practical measure.
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Dr. Ibanez (Paraguay) asked what would be an acceptable tick
level. Dr. Bawden replied that tick infectivity with hemoparasites is
low in Uruguay. therefore. it is necessary to define the arcas 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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Progrcss in Screwworm Fradication in

the United States

Donald Williams”

Screwworms are the larvace, or maggots of the screwworm fuy. They
are a scrious pest of warm blooded animals—livestock, pets, wildlife,
and even humans. They closely resemble commion blowfly maggots
but unlike blowfly maggots which feed on carrion or dead or diseased
tissue serewworms consume the healthy tlesh of the warmblooded
animals they infest,

1

Screwworms are found in openuntroat od owounds, The female fly
lays a mass ol egws on the edee of a wound. Larvac hateh from thes»
eggs and burrow into ihe flesh. where they feed Mature larvae drop to
the ground and pass through their pupal stag: in the soil. Later,
usualiy in about 10 davs, but sometimes ux mueh as 60 days. depending
on the weather, they emerge frem the soil as rfies. Within days the
flies mate. and begin infesting livestock with 5 new generation of
screwworms.,

Serewwosms - oseriously injure,  maim. or kil infested  animals
particularly if wounds are untreated and becorne reiniested. Serewworm
larvae feed continuousty. They grow from nearly microscopic size to
about one-half inch in length, and in the process creatly onlarge the
wound. This destruetive parasite was a major e throughout the
southern and southwostern states and, today. is still found in Mexico,
Central and South America anid the Greater Antiles Islands.

The destruetion eaused by zerewworms has been sreatly reduced
in the United States and in parts of Mexico compared with what it
Chiel Stalt Veterinarian. Serewworm Fradivation Progeam. U SDA-APIS,

VS 0505 Belerest Road. Boom 7132, Federal Building. Hyattsville, Marviand
20820 1 S A
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inereased over the years to the point where livestock production became
unprofituble in some arcas. Home remedies for treating infestations
were incffective. By the turn of the century, ranchers were appcaling
to the government for help.

The U.S. Department of Agriculture started research on screwworms
in 1913, but these carly studies failed to show the distinetion between
the parasitic and  non parasitic infestaiions, wealizing the nced for
inercased  efforts, the U.S.D.a. Eurcau of Entomology and Plant
Quarantine in 1929 established a research station at Menard, Tex.,
under the direction of entomologist Emory C, Cushing. This station
was subsequently moved to Kerrville, Tox.. and ¢xpanded.

Al the new research station, inscet toxico’ogists and entomolosists
concentrated on measures to profect wounds against serewworis—an
effort that advanced rapidly when the  team developed o way of
artificially rearing large numbers of serewworms, thereby obtaining
an adequate test population. Among the various toxic chemicals lested,
No. 62 (diphenylamine) proved th: most effective as a wound dressing,
When dissolved in benzol and thickened with @ turkey-red-oil wetting
agent, this became an effective larvacide. The preparation was further
stabilized with the addition of lampblack, and beeame the well known
“Smear 62"-—for years the standby preparation for treating screwworm
infestations. Organophosphorus compounds have replaced Smear 62 in
reeent yvears, bul this preparation marked the first significant relicf
from serewworns.

Even with an effective wound dressing,  however, screwworm
infestations continued. Constant vigilance was needed (o protect
livestock. Trapping immense numbers of blowflies over several vears
brought no appreciable reduction in the rmber of infestations. At this
point, Director Cushing concluded {hm somawhere in the research
some vital information about this livestock pest had bern overlooked
and that a complete review of its CCOTOEY WS Necessary,

Cushing wundertook a course of graduate studies in madical
entomology in England at the University of Liverpool School of Tropical
Medicine. Under the direction of professor W.S. Patton, he collected
and studied  samplcs of the various species of American  blowflies.
Athouch externally the flies appeared Identicu!, he observed distinet
differences between the sexual organs of the blowily €. wmucellari and
these of [lies reared from mageots found in infested wounds. Thus, in
1933, the culprit was at last identified and given the nams Coeatiomyia
americana, subsequently changed by other specialists ta €. hominevorax.
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place to be liberated from the screwworm menace and it is still free
today.

Success of the cradication experiment in Curacao exeited the
interest. of southeastern livestock producers. If screwworms could be
eliminated within o small irolated avea, could they not be eradicated
over o large isolated arca sueh as the southeastern United States?
Until 1933, the  southeastern States had been free of screwworms.
The movement  of  infestod  eattle into  southern Georgia gave
serewworms the free ride they needed to spread into Florida, where
they became established and survived (he yvear-round. From then
on, they were a major pest of the region, often ranging Northwuard
during the warm scasons into all th: Southeastern Stafes.

In 1957, preliminary tests in Florida showed  promising resuits.
The Florida legislature appropriated § 3 million to defray part of the
costs of a statewide serewworm eradication program ‘o be condueted
in cooperation with U.S. Departiment of Agriculture over a twe-year
period. This effort was further supported by Georgia, Soutlr Carolina,
Alabama, and Mississippi in a region-wide cooporative program
authorized by Congress, which began in 1938 under joint direction
of USDA's Agricultural Res arch Sorvice and the Florida Livestock
Board.

The massive number or _‘erile flics needed for the Southeastern
screwworm  cradication  prograst was provided by a  sterile fly
preduction piant, constructed at o cing Fla, For the first time, a
parasitic tlesh-cating insect was muss produced and sterilized in an
industrial type of operation. Twenty aireraft were used to disperse
the sterile flies from small cardboard boxes. Livestock inspection
stations were established along the Mississippi River to keep the area
from heing reinfested by the movement of infested livestock  from
the West. Producers ceoperated by inspecting their animals, treating
wounds, spraving their herds, and sending in samples of maggots for
identification so that program officiais could pinpoint the location
and severity of serewworm infestations,

By the end of 1959, the Southeast wae {ree of serewworms,. Total
costs of the two year campaign amounted to about £ 11 million as
compared with annual $260 million in losses castd by serewworms
in the southeast~ 2 states. A totul of 3.1 billion sterile flies were
Feleased; 6.288.000 pounds of whale mew' was fod to larvae: 169,450
gallons ol fresh blood was used: 12 1015 planes fiew 39,244 hours
and 5 minutes over more than 3 million miles,

Suceess of the Screwworm Eradieation Program in the Southeast
led western ranchers to request  similar efforts in  their region.






The cradication program proved to be an outstanding success. By
September 1963, serewworm infestations within the original five slate
arca had been reduced by 99 pereent, and an artificial barricr zone
had heen established along the Rio Grande through the ccoperation
of the Mexican government. This zone was exiendod along the entire
2,000 mile border when Arizona and California joined the program
in 1965

3y 1964, serewworms had heen eradicated from the original five
state cradication area, and by the end of 1966 the last self-sustaining
serewworm  populations had been eliminated in the Arizona and
california overwintering areas,

The barrier zone

Serewworm cradication in the Southwest did not guarantee the
region against annual rcinfestations when serewwornt flies migrated
Northward from Mexico. The screwv:orm barrier zone was established
to prevent or minimize sueh reinfestations which would oceur unless
sterile  flies were  released constantly  wherever screwworms  were
reported or their mierations conld be reasonably anticipated.

The barrier zone operated on the sound strategy of: (1) maintainine
surveillanee and screwworm prevention throughout the recion; (2)
confirming all  suspeeted cases with worm samples or egg  masses:
and, (3) the acrial release of strrile flics over all infested areas and
every site of a confirmed serewworm case,

Cooperation by ranchers, veterinarians, county agents, livestock
inspeetors and others was an essential element of a successful barrier
program. If wounds Dbecame  infested and  remained untreated,
serewworms could build up to numbers too large for the continued
cffectiveness of sterile fly releases. 17 ranchers failed 1o send in
sumples of larvae or egg musses (which ean be identitied mly hy
experts) program officials could not trace the spread and huildup
of serewwornt cuses and plan effective sterile fiv release pattems.

The necessity tor a o barrier zone is obvious. considering  that
aLaerewworm ty can travel at least 180 miles to find and infest a suitable
host animal. A single infestation can produce more than three hundred
fifes within 21 days. And any warm-blooded animal with an untreated
wound cven as small as a tick bite is a potential host for this deadly
parasite,

The barrier  zone worked exceptionally well. Serewworm  cases,
which once numbered in the millions, dropped to only a few hundred
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The <erewworm plant at Mission, Texas

The Southwest Serewworm Eradication Program and the cxpanded
eradication  weilvitios in Northern  Mexico are  direeted by U.DA’s
Aunimal and Pl Ifealin Inspefion Serviee (APHLS) from the s erile
fly production plant @t Minvion, Tex, Sinee 1962, (his facility at the
former Moore Alr Foree Base has served as the focal point for receiving
reporte ot serewworms in the southwestern states, The mailing addr ss
13, Southwest Serewwers Eradication Program, APHIS, U.&.
Dopartment of Agriculture Box 969, Mission, Texas 78572,

The artiticial raising and  distribution of 200 million sterile
serewworny flies cach week is a highly complex operation that taxed
the abilitics of  entomologists, cnpincers, pilots, veterinarians, and
administrators; yet the result of their cfforts is 2 highly efficient
industrial operation that has operated around the clock, seven days
w week sinee the start of the proeram. Some -0 employees, working
three shifts, colloet and propagate fortile sercwworm epes, feed the
kavae, store the pupac. ivcedinte thenr qf he proper time, and
packare fhe sterilized ics for roiease from he program’s fleet of
atreraft,

The plant, which has over 81,500 square feet of tloor  space. i3
scaled  tightly  acainst any  possible cseape  of  fortile  flies or
contaminated material to the ontside, All cmplovees and visitors must
change into unitorms and pass through o special security ssetion in
order 1o ent 1 the plant and they must snower berove waving. All
materials must be incinerated or sterilized™ before leaving the plant.
Heavy hardware must pass through a speeial “hot room™ before it may
be removed.

The operation of the plant involves many refinements that have
been developed over the vears sinee the first plant was constructed at
Sebring, Fla, The eges from which the Jarvae are hatehed are obtained
from the fertile tly colony. Eves hateh and larvac feed in warin,
shallow vals on a medium which simuiates the flesh of warni-blooded
animals, The matare larvae erawl from (he vats, falt into channels
of fiowing water that carry them (o o separator. They are, then.,
placed in suwdust-fitled boxes for pupation. Pupae are then separated
from the sawdust and heid in a temperature and humidity.contrelied
room tor ahout six days. At the proper age they are placed in locked
metal canisters for radiation. The pupac receive approximately 7,000
roenteens of camma radiation emitted from vadio nctive Cobalt-60
or  Cesium-137.  Canisters  of  irradiated pupac  are  convoeyved
automatically to the packaging section where the pupac are measured
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into cardboard release boxes, The boxes, ejected from adreraft, release
the adw! {ies that have emerged from their pupal cases.

Field s voand identification. methods development, plant and
aivoralt ne nance and administrative sections ~all important
pacsoef st total program. in addition to the ceertle fly rearing
operalicns

Media used for sevewworm larval culture - 1962 1975

Since 1972, serewworm larvae have been raivcd on horse meat,
nutria meat, bovine and swine hung. and Jiquid media. Horse meat
was uscd throngh 19638, Nutria wos tirst wsed in 1082 and several
millien pounds of this mediy are utilized ecach vear Swine and
bovine Iung were a'sg used off and on through 1965 o 19700 A liquid
medium, a mixture consisting or dried blood, dricd milll voplacer for
calves, dricd whole cggs, dried cottave cheese, cotlon, wud tormalin
was Jirst used in 189620 At the present time. the ission, Tomas, plant
s freding the Larvae on this medium.

voiniting which or the two nidia is the best, consideration
Do bwe Jaetors: Lrstothe qualiny of 1y produced; second.

woer b mediam. BDoth the hgoid and e meat medin produce
crial quality CThe cost of nuitvia based media and  liquid
micdie isogboutl the smme Nuiria ix avaiabie on =eavonal basis and
ilion pa,und.\ SUrovear are 'Hnﬁ‘zi;‘ oblained. Sullicient nutria
a in the Unit« States to keep the plant at Mission on
4 natrin meat medium for the ontive vear. When the supply of nutria
Is cxhausted. the production in switched to liquid media. Any othe
meat media, such as horse meat or beel, is so costly that its use
would be prohibitive. The ingredients used in liquid media are rot
ouly easily obtained but are casier to store, requiring no refvi eration.
Of all mtdm used in th: Scuthwesicrn Screwworm  Eradication
Program. pork lung is the least desirablc,

Sterile fly release operations

Flies ave relenzed rrom the aireraft through spocially constructed
chutes that cject and open the boxes at predetermined rates. Normally,
the plancs fly on parallel 1out(w or swaths approximately 5 to 10 miles
apart. Other airceaft £y “hol.spot” and strategie” sterile fly release
missions. These operations dre supported by livestock inspectors who
visit runches in the infested areas, marking the sites for aireraft where
necessary and encouraging rancheis to inspeet their livestock, spray
their herds, and submit larvae samples for identificaticn. The
importance of the owners’ cooperation and  screwworm-prevention
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from these areas follow the same pattern. All scheduled strategic
releases are complifed cach week.

Ground releases Starting in 1974 each new.y reported ecase js
treated by o pround release of sterile flics. The flies are delivered to
a number of central locations wound the state cither by refrigerated
truck or by aiverafi. Ranchers, statoe and federal hvestock inspeetors,
and county gueents pick up and deliver the flies dircetly to the
location where the infestation was found. Ground releases are also
made at ranches whoere repeat cases ocear three or more weelks from
the Tast ground release

Recording fly distribution e fly distribution section keeps a
record of each fLeht. From  the individual flight rceords a daily
release report is made and sent o ‘he survey data section which
compiles a weekly summary of fiv dispersals from both {he Mission
and Douglis Distribution Centers,

Fly release cartons and release methods  In (he southeastern
program stediie flics were released from small periorated cardboard
cartons (approximatels 2% 5 40 v 67 ip size) containing 400 sterile
fdes. Curtons were released from aireraft flown on lanes two miles
apart. Lanes were closed in to one mile en alternate weeks providing
Hy release every miule each two week period.

In the southwestorn program, fly releases were made from the
small cartons on lanes four miles apart with lanes two miles apart
on alternate wecks. Introduction of a larger carton (approximately
47 X 6" x 87 in size) containing 2,000 sterile flies was made the third
year of the program (1965) and the lane widths were increased from
4 - 10 miles.

A screwworm outbreak in 1968 precipitated questions that the fiy
distribution was inadequate:  however, in the vears 1969 through
1271 the larger eartons and wider flight lanes proved cntirely
satisfactory.  Sinee 1972 however, there have been more  extensive
outbreaks of serowworms in the United States. For this redason, flisht
lanes have been reduced from ten to five miles apart and in the hot
summer months the number of tlies peroeavton was  reduced from
2,000 to 1,500,

The rate of sterile flies per square mile varies with the severity
of screwworm outbreaks. Generally  speaking, 1,000 sterile flies per
square mile are released on flight lanes over areas with limited

infestations.
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Operation of the methods development section
Quality control

Quality  control overations  are  divided into two arcas of fly
productien. These can be roughly separaled inte tests and cheeks in
the plant during rearing sequences and  those similar activities
conducted on the finished product, i.e. sterile flies.

Quality control uvperations in the plant are being instituted to
establish check points in the rearing cycle te determine when deviations
from optimun rearing conditions or other impinging factors occur. This
permits localizing and pinpoeinting  trouble before it grossly afteets
production. These routine checks will include determining sex ratios
of flies in colony cages, hatching, ratio aad quaniity, and obtaining
larval weights at various points during the farval stage. Age of the
pupae at the tims of radiation will  be  routinely  monitored.
Temperatures noed to be taken from selected rearing vats both in
starting rooms and the main rearing floor during cach shift. In
addition to that deseribed above, it is necessary to explore various
avenues to initiate, refine and upzrade the described cheeks and tests.
There is no doubt that more critical routine examinations can be

mad:

Routine evaluations cutside the plant commence upon the receipt
ol sterilized pupae. A representative sample of pupae (about 20) s
renmoved o cach ecanister after irradiation. Samples wre combined
from each irradiation source per shift. These pupae are held until
adult ecmergerer and an  emergence:s percentage  determined. These
adult irradiated flies are held at 80 F. (26.2° C) and 65 percent
RH for an additional scven davs. At tlus time they are force egged by
placing about 15 inscets into a glass tube with a small quantity ot
horse meat. The tube is stoppered with cotton and held for three hours
at 92 F (33.3 C) in an incubator. After this interval the tube is
examined briefly for th: presence of cgoes. If an egg mass s noted
(which occurs two or three times in 10 years) all of the flies are
transferred alive to a holding cage to br tested and dissected.
Otherwise the flies are destroyed and the meat is examined under
ithe microscope for single eggs. If any cggs are apparent, the tube
is held an additional 24 hours at 80 F, (26.5 C) to determine if
hatch will oceur. Appropriate record keeping is cssential in this
operation.

Mortality tests are conducted twice weelly on randomly selected
sterile pupac. In this operation two 100-pupac 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 ¢mergence, the pupal
container is removed and the number of non-emerged is determined,
The adu'ts are held for seven days at 80 F (25.5 C.). The dead and
alive arc determined. Sex ratios are established for those remaining
alive,

A heal stress test is run once a day. A randomly seiected sample
of eight dispersal boxes are obtained at a stage {4060 pereent
emergence. All emerged flics are recased. The remaining pupae are
held one hour; these emerged are anesthetized, sexed. and the males
divided into four groups of 100 inscets per group. Each group is held
in small wire cages for 16 hours at 98 F. (36.7 C). At the end of
this time, mortality pereentages are established.

A dadly sex ratio s determined by oblaining a randomly selected
box of flies ready for a dispersal fiight. This is returned to the
laboratory and the flies kiilea by freezing. The sox rotio is determined
from this sample. From the same box an additional determination is
made. .o the number of mutants sueh o vellow or white eves and
sickle wing. Four boxes are faken from cach adreraft after dispersing
Mies and flies capuble of fhaht are veleased. Dead flies remeining in the
box are counted and removed. Fach digpersal hox s closed and held
at. 80 Foountil the following day. At this point (he boxes are placed
in the freezer to Kill all viable forms The number of adults emerging
overnight and the emerged-nonemerged ratio are determined.

A series of experimental non-routine tests are also conducted in
the Quality Control Unit. These may vary from detailed studies on
radiation sources te countting spines of f{ly maggots. Conducting a
certain portion of field tests may also form a part of the activities.
This  subscction  prepares life cve.e kits and other informational
material. A number of miscellar-ous dutics are performed. such as
cage making, fastrument maiatenance, janitorial work, ete. Record
keeping and reporting is @ kev function in all operatior.s.

Carrently, at the Mission plant, several ncw  typer of quality
control tests are being explored. Some of these are biochemieal in
nature and must be  simplified in - sneh a way that applicable
information can be obtain:d by minimaily trained personnel. Thege
tesls would include gross determinations of lipids, fatty acids, and
glveogen content of either larvae or adults. Tt is assumed that these
are essential compounds related to flight capability and longevity in
adult tlies. There are a number of ofher possible tests to be explored
at the Mission plant.
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pens; however, this had to he discontinued duc to the lack of vehicles.
However, efforts are presently heing made to ve-cstablish a monitoring
system so that a reasonable efforl can be made at monitoring program
SUeCess.

There are a number of coneepts in the idea, research, or
development stages which will require further experimental work. An
example of an item al (he developmental level is the chilled fly
release conecpt. Fiekd tests have established fhat flies collected shortly
alter il emevpence, ehilled, hoxed, ard held at low temperature
(36 - 40 T untit delivi sy, survive hotier i the ficld than owr current
system of rvelease. Under the ohill svetern, the current packagin:y
system wonld just about be eliminated and hetter dispersal achieved.
Present impediments to 1apid pregress in this area are hio-engincering
problems mostly assoeinted with o feasinle aivera adapted dehvery
systenm,

Eradication of screwworms from Puerto Rico auvd the Viegin Islands
It was observed that Taerto Rieo and she UL S, Virgin Islands
were the only parts ol the United Siates territory where serewworms
continued o be asorions prebleny, Poboa o e ~tavt of the eradieation
progract scrowwoim miestations eost the conswm 1+ oand the tivestoek
producer an estimated S22 5 million peyovoar. Thes losses  were
the  result  of weight  losses ond  carensy hanage  at  slaughter
of screwworm-infested animaly, cost of medications fer treotments,
death losses. damage to hides, and costs of husbandry labor. Cascs
in humans were ceeasionally reported. Puerts Rican animal heallh
officials and various livestock producer organizations requested that
the Animal Health Division of Agricultural Rescarch Service (ARS)
enter into a cooperative program with {hon, which could lead to the
eradication of serewwarms from Pucrto Rico. Experience to be gained
in the cradication of screwworns fror a tropical environment such
as Puerto Rico with a hich density of livestoek wouw'd also provide
valuable expericnee whieh could applied in the iropical regions of
Mexico, where serewworm eradication will faon be undertaken.

Qo
(]

Beeause serewworm tlies could ceadily travel distances to the Virgin
Islands and between them, and as they could ke introduced on infested
livestock earried on boats coming frem oflicr infested islands in the
Caribbean, the nearby U.S. Virgin Islands and the British Virgin
Islands were included in the eradieation program. This would insure
that - Puerto Rican livestock  would nol  he casily  exposed 1o
reinfestation by fertile flies from (he nearby Virgin Islands.
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It was not possible to determine when the screwworm lirst invaded
Puerto Rico. No doubl the parasite had been present for long time.
It was considered that the isolated poepulations of serewworm flies
could have cvolved to (he extent that the Puerto Rican strain of flies
might not mate with sterile inscets developed from maintand strains.
To check this possibility, ARS scientists made three  collections of
Puerto Rican screwworms which were tested in the laboratories at
Mission, Texas. These tests, conducted in smal' cages in the laboratory,
proved that the sterile males being produced at Alission did etfectively
mate  with  pative Puerte Rican female  serewworm  f{lies.  The
program was based on the assumption that sterile malcs released {from
airplanes over Puerto Rico weuld mate in the field with native Puerto
Rican female flies as they had done in the laberatory. These gravid
females weuld lay their eggs on animal wounds., and the resulling
eoes would not hateh. For the program to work effectively, sterile
males must cutnumber native males and must also be able to compete
successfully with native males for the opportunity of matine with the
native female flics. The continued release of sterile flies was desizgned
to bring about the reduction and aitimately thr eradication of native
serewworm thes in the area

Livestock in Puirto Rico 1s made up of the following specics listed
in Table L

TABLE I The screwwarm host population of Puerto Rico
(1966 census).

950,000

Cattle

Swine 200,000
Horses 14,000
Goats 10,000
Sheep 500
Total 774,500

Puerto Rico has an area

of about 3.500 square

miles. This

represents about 225 domestic livestock per square miie, not including
the domestic and feral dog populations. When considering the land
used for c-ops and the cities and towns, the number of animals per
square mére is even higher. The climatic conditions in this tropical
drea are conducive to screwworm survival, This, along with the large
number of potential hosts (wounds) made the eradication job much
more difficult.
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Role of the U.S. Air Foree

The U.S. Air Foree provided Support tor acrial release of sterile
fiies for the prograni on Puerto Rico and thie Virgin Islands, Personnel
of the U.S. Air I'oree Special Air Warfare Center (TAC) at Eglin Air
Force Base, Florida, together with U.S. Air Forec Headquarters personnel
based at the Pentagon, Washingion, D.C., cooperated with the U.S.
Department of Agriculture, the Commonwealth Government of Puerto
Rico, and the Governments of the U.S. and British Virgin Islands
in the design and the planping of the serewworm eradication program
- Pucrto Rico. The Alr Foree was interested in the  serewworn
cradication prooram because one of the miszions of {he Special Air
Warfore Center was the application of modern techniques and air
power to assizt other covernments in solving problems with the proper
application of aircraft. This program was similar to other suceessful
programs that the Air Force has undertaken in different countriss
throughout the world. In July 1973, the Air Foree aroup al Egiin Air
Force Base was replaced by units from the U.S. Air Foree Reserve,
who became responsible for the aerial op.ration of the program until
the final fly release activity on May 3, 1975, All Air Force participation
was - characterized by an cxtremely  hoah o level  of professional
competeney and safety, Without Air Force cooperation, this successful
program would not have been a reality.

Strains of flies

In June 1971, the program in Puerto Rico and the surrounding
fslands was in'* "1ed, using a “Mexican strain’ of fly being produced
at the Miss' n, Toxas pIant an a semi-solid  diet which included
nutria. In Sepeember 1972, rckb sed flies wore changed to a mixture
of a “Texas strain™ v nd 4 ~“™po Riean strain”™. During 1973, these
two strains varied in quantity, bul the Puerto Rican strain was only
released on the island of Vieques in January 1974 At that time, the
Purrto Rican strain was discontinued and the “Tex-Mex strain” was
uscd only until replaced with the “TFF-8 strain™ in February 1974.
The “Tex-Mex strain” was developed with flics colleeted from Mexico
and the United States. The “FF-8 strain” was developed from later field
collections. It should be noted that serewworms were eradieated from
the British and American Virgin Islands and the island of Culebra while
the Mexican  strain was ussd. Flies on the Island of Vieques and
perhaps Mona  were eradicated while the Pucrto Rican strain was
being used. The western portion of Puerto Rico was (reed of serowworms
with a mixture of the Tex-Mex and Pucrto Ricun strains,
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Sterile fly release operations

Sterile scrowworm flies were produced atl the sterile screwworm fly
production plant located at Missior, Texas, and operated by the
Veterinary Services of the Animal and Plant Health Inspection Service,

Beginning in June 1971, the irradiated pupac were packed in trays
and racks contained in a large environmeontal chamber chilled at 45
to 55 F and shipped via C-123 aireraft operated by the U.S. Air
Force. The Hg‘ht: from dlission to Romey Aly Foree Base, at the
northwest corner of Puerto Fico, took 14 to 16 hiours, exeluding stops
tor fuel and crew changes. Pupae were packaged at Ramey Alr Foree
Base and hLield uniil e adult flies cmeracd, and were dispersad by
small, single engine U-10 aircraft. The payvioad was relatively small
about 150 boxes per sortie. For mest of this period, 2.5 miliion pupae
were shipped on o weekly basis. This quantity was incriased to 5
million in September 1972 and to be further increasod to about 15
million in February 19750 During the perind when 2.5 millien pupae
were being  aivlifted, serewworms were cradieatod frem the United
States and Vircin  ivlands asoowell o ae fromy the Puerfo Rican
Conmw!:“:ml‘T-: plurn i oof Culvbra, Jvine 260 miles off the ecastern

oast of the i‘.‘.;iil‘. iand, A simibar nelgbbosine idland, Viegques. nine
mll off thi torne enast Sl serewworms by Juiy 1073, During

some periods, wp to 22000 sterile flies per sguare mile were distributed
over Vieques. Mong Islind, 45 mibs due West ol the western ceast.
was  also froed o Ing sttt Serowworny wore bebieved too he
eradicated irom tho wiosiern guarior of Puerto Rieo during the first

28 months of the program.

Starting in July 1973, the transport airerait C-123 was replaced by
the faster and longer ranced C 130 aireraft and sterile, already boxed
pupae were shipped to Puerto Rico. Pupae were scleeted so that only
a few flies emerged on the 615 hour direet flight to Roosevelt Roads
Naval Pase in castcrn Puerto Rico. This flight was usually made on
Friday of each wecl. The aircraft was pressurized to 5,000 feet and
the flies held in temperature centrolled conditions ta preserve fly
guality during transportation.

Upon arrival at the distribution center, the dispersal boxes were
placed in a madular air-conditionzd chamber maintained initialiv at
78-830 F. When 90 percent emergence had occurred, the temperature
was lowered to 65.68° . Distribution of these fiies commenced carly
the following morning. Two C-TA eraft, cach loaded with about 3.5
million flies per sortie, distributed f{lies on the predetermined [light
Ianes and on special areas as directed. Any f{lies remaining were held
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al 60-65" F, untit rcleased. They were released later in the day or un
subsequent days.

Careful examination of the condition of the flies was conducted
at cach stage of this operation. Since July 1973, fly quali y improved
with a highcr pereentage of eclosion and an apparent increase in
longevily. Quality contro!l tests were made routinely to monitor fly
quality. During most of 1974, 14.5 million sterile (lies per week were
released over Puerto Rico and Viegues. Abont 10.5 milion flies were
dropped on the lanes, resuiting in a release rate of slightl» more than
3,000 sterile flies por o square mile. The island  wa:  {ransecled
longitudinally by 16 lanes, two miles apart. These lanes vere bisected
every other week. Speeial drops over outhbreak areas required an
additional 3.5 to 4 millon flizs per week. Ground releasss were also
made in canyons and at the bases of mountains in or-r to insure
that steriie flies rcached these areas. Air Force pereonnel developed
special fly release equipment to insure that {he required numbers of
sterile flics were released over infested areas. This equipment included
an ciectronic counter which counted cach box of sterile flics released
and registered these numbers in the eocknit of ths C7 =0 that {he
pilot knew exactly how miany boxes had been roleased af any time.

During the program, steriie flirs were released over Pucrlo Rica,
Vieques, and the Virgin Islands as indieated in Table 2.

TABLE 2 Sterile fly release dates and quantities,

IFlies releaserdt

Dale
June . December, 1971 77,600,000
January - Decomber, 1972 180,860,000
January - December, 1973 701,440,700
January - December, 1074 722,400,000

January - April, 1975 169,008,000

Scerewworm detection effort

There was no efficient lure (o atiraet screwworm flies into fly traps.
To date, the best such attractant available was decomposed liver,
and it attracted only the fema'e screwworm {ly. This lure was not
speeifie for screwworm flies in that it attracted scveral hundred
ordinary blowtlics  for every  serewworm fly eaught. This made
identifying trapped  flies a laborious task. Likewise, thers was no
efficient way to measure the wild populations of screwworms nor {he
behavior and cfficiency of the released flies in the field. The best
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practical method to measure program clliciency was the number of
laboratory confirmed serewworm cases. Rrports of eases unaccompanied
by Tarval samples from the wounds were not given full eredence. Only
those cass reporis of myinses accompanicd by larval speeimens were
considered  when  determining  serewworm incidence.  Serewworm
incidence iz shown in Table 3. At least 75 poreent of the serewworm
samples w1 1074 were collected by Puerto Rican or United States
livestock regulatery personnel. The  remainder were  oblaincd by
owners ur their emplovees

TABLE 3 Confirmed screwworm samples including fertile
CEE MINSSes,

U British Virgin

1071 13
1972 2 16
1973 0 0
1974 v 0
1975 0 0

|
I
1
i
|
I
i

The last case of screwworms in Puerto Rico was reported on Novems-
ber 5, 1974 As the prooram progressed. the reporting of non.
serewworm  samples  was ._,il:ted to cvaluate the officicney of the
serewworm case detcetion gystem in Puerto Rico. In the airst  six
months of 1975 there weore no serewworm cases reparted Lal there
were 13 laboratory-confirmed non screwworm  cases.  Continued
vigilance has failea to reveal evidence of any additional serewworm
vases in Puerto L .co.

Problems

There wers thres major problems facing the proeram during the
first two years of fly release. These problems involved fly qu~lity,
ground support activities, and public information.

The first problem involved delivering good quality  sterile flies
for release over Pucrto Rico. Apparently, the logistic  difficulties
involved In hauling the flies from Mizsion., Texas to Puerto Rico in
a non-pressurized and non-air conditioned, slow-flying aireraft of
limited range was damaging to the pupae. Accumulation of heat
generated by their own rmetabolism 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 prior to
release. A small, single engine U-19) airveraft (Helio-Courjer) further
delayed release, Laboratory tests showed decrenses; in ongevity of
adull fiies corresponding Lo increases in holding times in 1he pupal
stage. Delay, prior 1o relewss. s betieverd 10 have wearened the flies
ana Hmiied their effoetiveness

This problem was alboviated in July 1973 when the U.S. Air Foree
replaced the C-123 airerast with the farger pressurized C-130 as a pupac-
hauling aireraft. All flies released aftor that time were packaged at
Missior. andshipped 1o Pucerto Rico by C 130 aircraft. The C.7 (Caribou)
alreraft replaecd the U 16 for fiy distribution. The C-7 was not.air
conditioned, butl the flics were cooled byoade cireulation, sinee the
rear of the aireradt was ¢ yened -tlight to allow adequate ventilation.
Routinely, flics were reloased al an altitude of 1,500 feet above the
frrrasn. These measures «nabled  the prograim to reiec e long-lived
and more vigorous sterile tlies over Puorto Rico.

The sccond problem which had to be soived after the first two
years o Jly release. was to improve the sround support activities of
the program. This was accompiished by establishing a system of
livestock  inspections  around screwworm-infested  herds. Herds
containing infested animals and nearby hevds were sprayved with a
0.25 pereent coumaphos  (Co-Ral) spray. A total of 73.374 animals
were spraved durmg 1973 and 49,255 in 197! as compared  to only
2987 animals sprayved during 1971-72 as shown in Table 4. This
spraying was of inestimable value in reducing screvoworm populations
in outhreak arcas ana proved to be a valuable adjuvant to the sterile
male teehnique,

Livestock inspectors cquipped with Cap-Chur guns immobilized {hose
animals which were suspeeted of having screwworm infestations. Any
wounds found were treated with inseeticid.- smears. Naveis of new.

TABLE 4 Livestock sprayed with coumaphos in the serewworm
eradication progrom, I'uerto Rico.

Year No.of cattle sprayed

1971 0
1972 2,987
1973 73.374
1974 49,255
1975 11.300 (thru June)
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horn calves were al:o treated in this manner. On Viequezs, 194 animals
11973 weore immobilized with Cap-Chur guns and treated for

SCICWAATas,

Epidemiology

Epidemiviogicotinvestigation plaved an important role m the eradica-
1ion ol serey, worms 1rom Pllf ritg Nico and the Virgin Istands. After the
first vear of sterile {1y refease the isiands wore still infestea with serew-
wornis, Entonmologists and velerinavians \r,uv.l.mg: on the program began
to suspeet that soercwworn: Gics, both sterdes and Jfertio, finding an
abundance of tropeal vegstalion, moisture and shods didd not have to
move far to fnd coods Thero were plenty of Sowers arowing in all areas

of Pucrte Rivo to provida o rowee m' nectar cond polien as food for the
aduli i, TLH, tozethie s with the fnot that there were about 225 head of
livestook per sguare mile, muny or which had wounds attractive to sevew-

A <

o

tificd the theory than flics did not miprate as far in Puerto
Tii, theory, thoush never proven.

Woirm ‘.ALE fol
Rico as they did in =outhorn Toxas:
made program olficials more determined fo find cares and to make
sure that sterile flics were yeleased over ull aras of the island,
including the most inaceessible canvons und mountains on the island.
Epidemiolocical field «tudies often revealed that packs of stray dogs
were  causing  bites whose wounds heiped  perpotuite  serewworm
populations. Dogzs gathered around garbaus dumvs in search o food.
They were eliminated by a humane doz populatien orocram  before
scrowworms were finally cradicated (a single ease in a horse, which
went undroicetad and untreated for several weeks, helped to prolong
the infestations in enc part of the island).

./A

The oniv stendard regulaiory technique that was not used in the
Puecrto Ricn provrasn was the restriction of animal movement {rom
guarantined nreinises

The third problem was thut ol motivating the livestock owners to
cooperale with the program by inspecting their livestock and sending
in iarval samples. This was solved in great measure by the Extension
Service in Puerto Rico. Midway in the program, otticials requested
that thes Extension Scervic 'ake charge of the public information
activities. Public informaticn professiona's of bhoth that service and
APHIS quickly increased use of the news media with novel ideas, such
as giving 2 US. S25 reward for the last sumple submitted during
the program. This accclerated information program was largely
responsible for improved producer cooperation during the final two
years of the program.
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Another problem was the ~radication of screwworms from Vieques.
This nLearby island was 20 miles long and two to three miles wide
with a land area of 52 squatc miles. It had a population of about
7,000 people. There were more than 20,000 head of livestock on {he
island. A large portion of the island consisted of o restricted area used
by the .S, Navy lor military  training. A cignificant nvmber of
livestock would wander into  the restricted arca, where they were
wounded by explosions and »sidue of paraphiernalio used in training.
These animals were @ corstant souree of serewvorn, infestation and,
ultimately, had to be rounded up with Telicopters for inspection and
treatment. Helicopters were used eause of the numerous unexploded
shells in the shiel impact arew, which made it vnsafe for personnel
to enters After the animals were removed from the impact area, the
fence surrounding (he impact area was repaired constaudy {o prevent
itvestock {rom ye entering.

Good cpidemiclegical ficld work i: o “must” in any attempt to
eradicate screwworms from a givea area.
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I’mgmm Against the Cattle Serewworm in Mevico »
Marco Antonio Villaseiior **

Introduction

In Mexico ther are many problems concerning animal health of
which the more sevous are: rabies transmitted by chiropterous ticks,
general  parasitosis. bruedllosis, antliray, maiignant edema, ete. A
misleading parasitosis is myiasis, known as “cresa’” or “gueresa’. “worm
nest™. wound worm™ or “serewworm'

We have all seen a wormy wound in an arimal and we also know
that a good cowboy adways ecarries 4 bottle with some worm killer in
his saddle. This shows lhow accustomed we are to Lhis parasite.
Therofore. we do not even realize the extent of daraage to our livestoek
and wildlite.

The cattic serewworm s a free-living inseet parasite during its
adult stage but infests animal woends in the lavai phase. It belongs
to the Cochliomyia hominivorax (Coquerel) genus and species.

This dipterous v goes through complete metamorphosis (from
cgg into larva, pupa to fiv) and is an obligatory parasite during the
second stage. The cyele lasts an average 21 cays under favorable
climatic conditions,

Animals affeceted

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

* Taken from coniments on slides.

Director of the Mexican American Commision for the Fradication of the
Cattle Serewworm. Calle Leibnitz No 20, pizo 12. Ciudad de México.
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The serewworm lves In tropical and subtropical arveas »i Central
Ameriea, South Saerics, Castbhloan Islands, Mexico and the Southern
Unifed States.

The cecnonie inmaet o the Ssercuyorin i aur eountiy s die to
the nunmerous iniestations of cattde and wiid animals; an infested
wouned ir untreatcd enn oeatse the deathr of o budl or adu't deer in
seven davs, In ocatties mifestation can start in any wound inclvding a
tick Dive. The worst deomage can b done oo ncwbhorn’s navel. As
any wound. the vavel sorves a0 o proper Drediam for the v to depoait
Ler egos. Onee e animeal is infested, it st be tieated immediately
1o gave Hs dife. atthouch sometinmes soeondary infections also cause

SO poveenit o newborn deer die,

coathy It creeoun

L O S T HE N [ T N A . R B
fhe ey sre ataaenod o oprn wouaas i whiieh they Jdeposit 1)

Shicn rapidly deve'op e larvae Thov foed on live tissue

Lor 200 ¢

which iz torn with their oral hoows< Thus e wound boeomes wider

and deeper, the sinedd adso belns move fetid attraeting more {les for
ovipostilen, Inoa &
wound mav lcox as big as oo balleen mothe bovine, In traring the

Aodovs thousands of larvae can be seen. and the

aauscuiny and connrotoe tibers all hovae move inoa characteristic
manner), orcanic Nnids exade constantls on o whilch the Jarvae feed.

Not oniv Jdo they conse death o7 <oy andmals bul adso damage
and oexperses cmounting Lo farae s which are sonetimes difficult
to qualify in 2trie proirt and loss teems boeo man-hours to locate
calile, tie them up and to teear them, the purchase of “worm killers™,
hide damage. the madmimg o an oninwd onany times permanent),
secondary discases nnd the enst of eitibintics, the deereas? in milk
and meat production, constant vigilanee on the farm and when moving
from other plac.s =easenal restrictions on branding, castration or
dehorning, ete.

Public health

The screwworin 15 aiso a menaee jor man; inhabitants of tropical
areas are more exposed since this inscet is more likely to live there.

Probably man wasz severely infested in ecarly times; and during
violent, revolutionary epochs. but only sery few  cases have  been
reported in the literature

Coechliomyia hominivorax, the scientific nane ot the scerewworm, in
dicates that the specics was denominated homini-vorax (man devourer)
because the tirst records vere of human infestatinons, Myiasis in cattle
was known long before that of humang but the causal agent was
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believed to bhe o different  insect, In Mexico, some human cases,
(althougli scarce), ure reguarly  reported, Some have also been
reported in the United Stafes

Prevention and treatment of ¢nues

Traditiorally,  serewworms Bave hein treated  with simple  or
combined insccticides, and with some irritating fluids like creoline,
However, this reabient does not eliminate the pest and  soverely
inflames the wound. thus infestationy may retarm.,

The seerile mde teehnigque, d veleped by Dy, 11 Kuipling in the
United States duripg the (hirtjce, creadod o ncw method to eradicate
the pests which reaue. s the gee of insecticides, therehy decreasing
pollution. Atter the wak carried cvloin Sannibe, Curacao Island.,
Floridu and 'Toxas, the United S States and Mexico congidered a joint
eradication brevraan along their borde T,

Work was sturted i 1959 i outhorn Texas ard at the end of
the zame year mo ot oy ;\I’:’:\'wu_ These programs ineluded  the
roduction: of sevoral million steitle fies at the plani in Mission
Texas: The thes wore reloqad Ly advplanes over gl) the eighboring,
Qreds on the border, wiore serowworm “ises wrre reported. To loealize
such canes, g Tolps ofnspectors ehechod the zones (o Investisate cach
ranch and mecate the farmers (o SROrt the nest

Due to fhe sinceess ohiamed, the zones wore broadencd and in 1965
all the sonthorn sates of (e United States and all 1he northern
states o Mexico wore ineluded in the inspecticns and sterile fly
dishiibutions. I this ceuntry. the  arca of  eradication was
approximately LOG0Go0 by, whi iy al=o reprcsents, more or less, 50
pereent of the whole Mevican testitory. To  distribute the flies, 31
airplanes were  used and 6 inspectors  were emplo 1 for field
promotion. Flies were released from the planes in cardboard boxes,
which opened i (he time or release, dispersing the sterile insects
over all the atfected areas

The sterile flics, ooth malcs and domales dy to the ground
searching  for o mate, This mating  produccs  infertile cpas  thus
eliminating (i probubility of development of the species. In an area
where a thousand wild flics exist. 100,000 260,000 or more fliecs must
be released (o increase the probability of sterile matings. Within a
few generatinns the reproductive potential of the speeies is reduced
to a minimum and, if sterile flv distribution is continued, final
eradication will be possible.
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Extension of the program against the cattle serewworm  throughout
the Republie of Mexico

Because natural micrations of fly populations repeatedly  infost
the free arcas of northern Mexico and southern United States, the
governments ot both countries deeidsd to enlarge the working areca
to the whole Republic of Mexico establishing a new contro! barrier at
Tehuantepee  Isthmus (o take advantage of the gecoraphic barrier
there.

The 23th of August 1972, an agreement was sizned to eradicate
the serewworm from the who'e north and west side of the Istiimus.
With production of only 200 million flics per week at the Mission
plant. expansion was ncecssary. A uew pant wus built in Tuxtla
Gutierrez. Chiapas. with a capacity of producing 300 million sterile
flies per week.

Elements of the program

To eradicate or compictely exterminate this pest up to the Isthmus
by 1876, the program will have the fo'lowing clements:

(a) the plant to produce and sterilize flies:

(b) a variable number of planes o distribute the fly;

(c, 220 inspectors and supervisors in the field (these personnel
arc already contracted);

(d) a total of 1200 emplovees including administrators.
investigators. cpidemiologists, ete. After three or four years
of production, a barrier of sterile flies will be established at the
Tehualtepec Isthmus to stop migration of the inscets to the
South.

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 completely self-contained
to prevent the escape of flies from the interior and also to prevent the
entry of other insects. It will be air conditioned to keep temperature
and humidity at screwworm requirements. The plant will also have
Cesium 137 irradiators for sexual sterilization of flies.

The plant will be supplied with the necessary nutritional clements
for the flies and other materials from a storehouse of 5,400 m®
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In the same architectural complex there will be: an office and a
machine shop, fire station, gas station, clectrieal services, well water,
ete, and two lakes for water purification by oxygenatlicn of water
wastes from the atomic plants. In total, the plant and its annexes
will occupy 33 hectares, Construction should be finished in 1976.
The fiies produced are being sent by airplanes to three distribution
centers from which the whole working avea is covered.

To motivate the farmers and 1o factlitate the reporting of cases,
the program ix distributing pre stamped colleeting  tubes in which
collections of screwworms can be cent

From these reports it will b possible 1o establish areas with a
bigger infestation rate: the stationary sequenees and fly distribution
zones will also be determined. In the colleeting tubes. envelopes with
insccticide 4072 will be given to the farmers. with which they can
prevent and cure the infested wounds

Through this proeram it has been proved that the two countries
can and must refine their efforts to fight plagues which do not respect
political barriers, and in this Way. prevent the waste of animal protein
in a world starting its fight against starvation.
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Summarv of Discussions of Papers Presented by:

Donald Williams

Marco Antonio Villaseiior

Dr Richard Bawden (FAO. Uruguay) asked what technique was
used !y measure the screwworm fly overwintering line. Dr. Donald
Willinnis (USA) swated that in the United States the measurements
were carried out by a specialist who interviewed people conncected with

attie production. In winter months the pereentages of cattle infested
by screwworms were studied.

Dr. Joan Gonzalez (Brazil) asked if there were information about
the presence of blow {lics, i.c. flies. other than the serewworm fly,
Dr. Donald Williams (USA) stated that informatien was used from
farmers about other types of flies. Dr. Marco Antonio Villasenor (Mex-
ico) noted that their interest is only in the serewworm fly. Although
secondary flics feed on dead tissue, thev are not considered important
since they do not cause deaths, except in birds.

Dr. Marcelo Rojas  (Peru)  asked Dr. Villasenor what will the
screwworm cradication program in Mexico cost and how long it would
contimie. He stated that the cost might correspond to 1 6 or 1 7 of
the maintenance cost of the barrier with the United Statss since
the eradication program for the serewworm must be permancent.

Dr. Wiiliams stated that the cost of the serowworn eradieation
program (which cost US § 20 million per vear) in the southwest United
States during a period of 17 months, has risen {o US $ 11 million. A great
investment has been made sinee 19692, including some allowances for
Mexico. Two 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 there 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 mutiplicd by the individual cost.

Dr. Villaseior, notod that initially, the studies on {he losses caused
by the serewworm were very subjective. In 19620 the losses amounted
to (Mex.) 350 million posos. The contribution of the United States
and Mexico to the eradication pregram has been preportional to the
losses in each country. He thought that the investment would be
amortized In two years.

Dr. Ronald Smith (Ilinois University, Mexico) indicated  that
there have been some problems in the maintenance of the tly colony
(steri'ization, male competitiveness in the field). He wondered if males
from the field should Le 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 defeets wenld debilitate it in
the environment, i.e. blindness, short flight, ete. One or ten
unfavorable factors could be intreduced intu the tly lines, at the plant
in Texas or the cne in Mexico, but there is adequate protection against
such failures.
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Eco]ogy and Control of DERMATOBIA HOMINIS

in Colombia

Guillermo Mateus*

The presence of the larval stage of Dermatebia 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 follows:

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

(2) Siow daily weight gain; the parasitized males guin between
9 and 14 percent less than those not parasitized.

(3)  Low milk production: if the Dermatobia infested cows are
treated, milk production wiil rise 18 to 25 percent or more.

(+)  Partial or to.al hide damage.

(5) Acclimatization is difficult for seleeted breeds.

(6) Commercial value of the animal is lessened by its poor
physical shape aud appearance.

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

Economic losses caused by Dermatobia 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 Dircctor of the Parasitology and Entomology Programs ICA-LIMYV,
Apartado Aéreo 29713, Bogotda. D.E. Colombia.
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On the American continent, Dermatobia hominis is found from
the Tehuantepee Isthmus in southern Mexico through all of Central
America, some Caribbean islands such as Trinidad and Tobago and
all the South American countries,

Dermatobin affects mainty bovines but it can a'so affeet dogs, pigs,
chickens, horses, mules, deer. other wild animals and man. The
experiences  deseribed here relate almost exelusively to the bovine.

The parasitic stage of Dermatobia is known in cvery country with
a diffevent common regional name. Here ove some of them:

Nuche in Colombia

Movyocuil i Mexico.

Colmoyote in Guatemala

Torsalo in Nicaragua.

Berne in Brazil.

Mirunta in Peru

Hura in Argentina and Paraguay.
Borre in Bolivia.

Gusano de zancudo in Venezuszla,

The parosite exists on'y in tropical Latin America and the human
cases reporied in North America have been acquired in the Lalin
American tropics.

To identify the parasitc and avoid mistakes, Dermatobia is
classified as follows:

Class Insecct

Order Diptera
Family Oestridae
Sub-famiiy Dermatobinac
Genus Dermatobia
Specie hominis

In Colombia, Dermatobia is found distributed hetween 160-2,000
msl. The major incidence cceurs in the ceographic area known as
the “coffee zone™ which is found between 600-1.000 nisl. In this zonc,
some conditions such os temparature, humidily, rainfall and the
sandy texture of the soil favor the development of the parasite. The
average temperature for Dermatobia is helween 18 and 28 C.

The life cycle of the Dermatobia may he summarized as follows:
Egg 6-15 davs (laboratory conditions include the hatching stagu
which lasts 4-6 days).
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Larva (parasitic stage) 39 50 days.
Pre-pupz 18-24 hours.

Pupa 32-43 days (in the field).

Adult 1.9 days (laboratory conditions).

The most important biological phenomenon mn the Dermatobia
life cycle is that it doos not d:posit its coos directly on the host,
It uses arihropods as mechanical veetors which transport the cggs
during the hatching stuge  Later, thicy carry and deposit the larvac
on animals.

In the ficld, the tlies lay their eogs on actlive arthropods such as
mosquitos and flies of such diverse genera and species as:

Mansonia sp.

Mansonia lynchi

Aedes serratus

Culex sp.

Psorophora cingulata

Anopheles boliviensis

Sarcopromusca arcuata

Stomoxys calcitrans

Liperosia irricans

Criptolucylia sp.

Orthelin pruna.

In the field, the theory that Dermatobia deposits its eges on piants,
or directly on ani..als does not appear to be true, but under laboratory
conditions the situation can be different

The hatehing stage lasts four to six days. White eggs show they
have been recently deposited on a veetor: as they mature they hecome
a brownish color This period iz shortened if the o8 have heen laid on
a live veetor, the higher the temperature, the shorter the hatehing
time. The type of veetor is also rolated to the hatehing period; those
vectors with long flight ranges offer a greater chance for a short hatching
period than these with slow and shorter flicht ranees. When the
hatehing period is short there ace more possibilities for the larvae to
reach their hosts.

The number of eggs which will adhere to the veetor's shdomen
depends upon its size. Generally, mosquitos can carry 6-10 egos; big
flies between 40 and 60 eggs.

The {loating population of Dermatobia (on veetors) calculated both
In the percentage of vectors and the size of their loads can serve to

119



evaluate not only the effectivencss of a control program but also the
potential danger for livestock in a particular area. This data can also
lead to investigations {o fin ©onf if within a civen aren the Bermatobia
life cycle takes place on animals other than bevines,

T‘le site in which darvae locale onanimals depends more on the
carrier’s habits than the lorvae thomslves The Helimye cor sucking)
\'(‘CtO“S stay on wonnds or ploess with seeretions where they have

the epportunity 0 unloading the larvae, The bitne vector can land
on any part of the animal and leave the larvae.

Dark colved boviies alwavs have o larger amount of arvae than
those with u l:hter color. In animals with well defined white and
olack spots like the Holstein Dermotobia infestations are vreater in
the darker plaros of the hide. If the hair of acompletely white animal
is dyed with special tints the numbir of Luvae becone greater in the
dark places of the wunima’ In countrollzd tests, the Proporton wus
3 29.

In bovine herds 1t is more common to tind the larvae on males
than oun females (thiz is related to the handiine of animals on the
farm.

The amount ol larvac on the bovine deends on the breed. color and
age of the animal Jlld =0 on the type of predominant veetors in the
arca. The degrce of suseiptinility of the dirferent hovine breeds ean be
classitied as follrws: de. very resistans: Dluuco Orcjinecro (BON)
slightly resisiant: Costeno con cuvinos, very susceptib'e: and, Holstein
and Brown Swiss, highly <usceptible,

The number of Dermatobia also depends on the cleanliness of
pastures: when these are fres of bushes fower larvae can be ©,und
on the cattle. Proximity to forests and bushes olso inereases  the
amount of larvac. The rainy scasons also increase the nnmber of
larvace. Althouzh. the dry season <t”oz‘tc~n< slightly the })upal state, it
is not favorable far adult Dermatobia. During this season, the adualt flv
seldom goes to cloan pastures but remains in the forests,

Dermatobia larvae in the larval stace ander the animal's skin do
not emigrate. Th:e uresence of two. three of more larvae inside the
same larvel saek is due (o their proximitv. (The initial larval sacks
stuck 1o cach other s the larvac erew, thus the ne arby Tarvoe emerge
together through the swme respiratory hole.)

During the Jurval stage which last. 39-50 doys in bovines, the
parasite undergnes three different phases. In the first stages the
larvae are very dynamic and active, growing fast, cating more and

120



causing great pain. By the third phase the parasite is quiet, cats iess
and causes fewer problems for t{he animal. When the larva reaches
its maximum development and prepares to leave the animal, the
respiratory hole is widened wnd the larvic crawls out helped by round
hooks covering ity bodv. Larvae prefer to leave the bovine carly in
the morning, perhaps hecause the temperature is Jower or there are
fewer enemics in nature, The pre-pupa stage initinied when the larva
leaves the animal and drops to the eronned. The re, it witl srarch tor
an adequate place where i will ¢ velop into a pupa,

The pre-pupa stape s very o eritical for Bermatobia sinee at this
stage their natwrad anemics cun mterrupt the eyele, Among these
enemics are: the yeasts g s (Sperotrichium sehenkil): a fly
(Megazelin sealaris): ants: rat- ofher rodents and  birds of prey.
These agents have not boen <tudicd in detadl as peszible orcanicms
for biolocical control o Dermatobia, It is an area that raust bhe
investigated.

After the pre pupal stage the parasite enters the pupation slago,
which takes slace about six contimelors undger the soil surface where
It finds the proper femprrature and humidity  (lnose or sundy soils
arc more favorable tor pupne thon the clavisli onesy. The pupal stage
lasts 32-42 davs bt o slightly: Ligher temperature shortens this
period. An extiome dronohit destr Vo the pupa,

The adult stage of Dermatobia os been studied under laboratory
conditions but there are many unknewn aspeeis of its life under field
conditions. The adi't v is not aetive: 1t spends long periods resting
and it s very dindenlt to alter the state, Changes in lich* and
temprature do not seem to affeet the adult fiv—it flies little and
prefers to renzin in very restrietad areas,

Females begin capulation o4 hours after emereme, and copulate
: 1 o by
for several minutes with one or more males. To lay ecggs, the female
wefers Hve  vectors. Eve Javine is mitiated several davs after
ot . o N
copulation,

The adults do not go into the open ticlds, preferrine to remain
close to the forests and bushes. They are never seen in pairs and only
the females make contact with the bovines. In the tield. 3 4 of {he
flies are females.

Dermatobia control became possible with the arreal of the organic
phosphate  compounds  with systemite action and  (heir use s

indispensable. With them, it is possible to maintain the Dermatobia
population low enough to try other techniques, such us bivlogical
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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 conlrol program for Dermafobia can be
easily demionstiated when one cncoses an area which is protected with
natural barriers (erops, high mountain ranges, rivers, arcas Iree from
bovines {or cears) and bovines with Dermatobia lorvac are not allowed
to entel

The larval stawe is the moest vulnerable of the ontire life eycele.
There are ('hf":w wal preducts on the mavket which are hichly cffective
and moderately hannia’ to bevines which ean kil several Iarvae in one
treatment. Periodica! troatments condition a population ot larvae of
the same ave. aad same dogree of sasconubility, Then bovine handling
f01‘ treat 1‘*(111 Iz rolatively easy,

Thi» swstem in which the lurvae are extraected cexeriing pressure
with the tingers in manual extraction) or with mechanical devices
oceupies time and iz very painful for the animal. Furthermore, with
this method, the larvae drop to the ground. These ready to pupate
then burrow inte the ground if no measures are taken to destroy

them.

A control program of Dermatebia must take into account the
following steps:

(1) A study ol the larval period (minimum and maximum time).

(2) DMassive cumpaign ol rural cducation.

(3) Identification ol carriers.

(4) Protection of animals and man aeainst inscct vectors.

(3) Usc cof a phosphate preduct of well known cffectiveness
acainst the larvae.

{6) Ono hundred pereent treatment of bovines two or three times
successively, with an interval equal 1o 90 pereent of the
minimum larval period. Time of Lovine treatmeont must not
exceed 10 pereent of the minimum larval period.

(7)  Periodic cxaminations of bovines, with a (requency interval
equal to 10 percent of the minimal larval period. This
examination must be repeated six times suceessively.

(8) Individual treatment of cach parasitic animal from periodic
examinations.

(9) Individual trecatment of bovines entering the control zone.

(10) Milk cows in preduction and animals going to slaughter
must be cleaned of larvae by manual exiraction and these
larvae incinerated.
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(11)

(12)
(13)
(14)
(15)
(16)

(17)
(18)

Evaluation of the larval population using dark colored or
black  sentinel bovines. This evaluation can also be
accomplished ihrough veetor collections.

Examination of other domestic and wild animal species
to climinate the presencs of the parasite,

To deraand al supermarkels and fairs, animals that are free
of larvae.

To impede the transportation of paracitized animals,

To establish canitary posts where the parasitized animals can
be treated, as long as they are not destined for the slaughter
house.

To encourage cattle owners {o maintain their animals free ot
Dermatobia larvae,

To have pastures free of bushes

To seleet within cach breed lines resistant to Dermatobia.
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Comparative Experiences with DERMATOBIA

in Latin America
Antonio 1) Alessandro **

“I am convinced.” said Dr. D’ Alessandro, “that there are no valid
limits between human and animal doctors; on the contrary. the
experiences of one are usefui and mteresting for the other.”

Dr. D' Alessandro presented the subject of Dermatobia  hominis
from a mcdical point of view. He stated that there are three basic
types of myviases:

(@) Accidental: produced by flyy larvae which contamimate by
ingestion or penctration of the gastrointestinal or urinary traet.

(b)  Semispecific: oviposition or larvaposition in tissues, stimulated
by bad odors from infested wounds or pustules. (They are not
obligate parasites.)

(¢) Specific: provocated by larvae of obligate parasites, such as:
Cochlyomia hominivorax, Hypoderma bovis, Oestrus ovis and D.
hominis, anong others.

Larvae penetrate the body through the healthy skin. their presence
causing a furunculoid 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 cight Dermatobia larvae from an Ar-

* Suntmary of mldress presented as no formal parer was received,

" Associate Direetor. 1CMR of Tulane University. in Colombia.



centinian man whom no one believe i when he said he had worins
under his skin, The other case had to do with the child of a local
couple. The child went to the United States where the problem was
identificd, but without a derinite diagnosis The ehild was Tater brought

back to Cali whore a lorva of Dermatobia was extracted {rom his leg.
Slides were  shown of fwo cazes reported at the Dopartmental
Hospital (Valic)—one a pivl with Dermatobia larva in her eyelids and

a zecond—a man with a Dermatobia larva in his ponis,

%y
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Sunmmry of Discussions of Papcrs b)’:

Guillermo Mateus
Antonio 1) Alessandro

Dr. Marcelo Rojas (Peru) asked when the benelits obtained with
the control of the Dermatobia hominis larvac were analvzed, was the
variant considered which was introduced by the effect of the systemic
preduct used on the gastrointestinal nematodes. Dy Guillermo Mateus
(Colombin) replied that tie eost of the treatment per animal of 300
kilograms is US$0.25: the cost of three treatments is 1USS0.75.
Therefore, the cost is low compared to the increase in production. The
effcet of  these treatments  on castrointestinal parasites was not
considered  but, in animals  of more than three vears of age
sastrointestinal parasitism is not a oig problem.

Dr. Rojas also inquired if the exporimental pattern used could be
expiained. Dr. Mateus stated  that one  stould not speak of an
experimental paticrn but of a planned treatment sinee this was a
control program. The frequency with which the three treatments are
carried out is piven by the formula already explained. The time
between trcatments should be less than the minimum larval stage.
After three consecutive treatments, surveys should pe made with the
same frequencey.

Dr Rojas inquired if the dosis used was always the same or were
different doses of the product tried. Dr Mateus stated that the dosis
was 60 ce of a1 mixture consisting of one part Ruelene (crufomate) to
nine parts water for every 100 kilos of weight. Tne inspections every 35
days served to deteet carriers, even if they had a small load. Some use
Neguvon (dipterex) applied directly on the wounds which would Le less
expensive.



Dr. Ivan Londono (Colombia) commented that in a period of 1%z
years at the larasitology Department of the Faculty of Medicine at
the Universidad de Antioquia. Medellin, 11 cases of myiasis have been
presented. All the patients were men and professionals. Most of them
worked in the tield. A leprosy patient had nasa. myiasis  with
perforation of the nose ridae due to Cochliomyic The otiological agent
of leprosy was usseciated with the larvae even  in their internal
structures.

He asked 1f there were any relation between the larvae and the
etiological agent of leprosv. Di. Antonio D' Alessandro noted that his
comment abeut septicenua referred to the myviasis wound being
contaminated with bacteria producing  sopticemia. But  the larvac
producing myiasis cannot be direetly related to the etiological agent
ot lepros:.

Dr. Roger Drummond (USAY stated that Dr. Mateus talked about
lines of ~attle resistant to D. hominis and requested some comments
related to cattl: developing resistance with aze, which would lead to
the probabilitics of using immunolozical control processes. Dr. Mateus
replied that in the ricld. middle age adults are more commonly affected
than calves. In Blanco Orejincaro cattle there are lines which are less
susceptible.

Dr. O. H. Graham (USA) stated that Dr. Mateus mentioned other
possibilities for control (fungi, release of sterile males, ete.). However,
Dr. Gonzalo Luqu: (Colombia) noted that there are great limitations
confronting cultivation of larvae for exnperimentation in Bogota soil.
It is easier to do in areas where D. hominis exists.

Dr. Helio Espinola (Brazil) stated that in Brazil horses are not
infested with D. hominis, and inquired if this happenced in Colombia.
Dr. Mateus noted that only cn rare occasions does one find a horse
infested with one or two larvae. In general, D. hominis is not a
problem with horses.

Dr. Luque inguired about simultancous control of 1. hominis and
ticks. Dr. Matcus explained that in  Brazil they are (treated
simultaneously with a mixture of Asuntol (coumaphos) and Neguvon
(dipterex). In Colombia, they are a'su treated with this mixture;
then an application of Asuntol alone, and finally they are treated
with the mixture again.

Dr. Luque asked about the use of irradiated larvae for Dermatobia
control. Dr. Graham replied that ten years azo 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 they reached 80 percent of
development. The dosis used was 2,000 rads and radiation did not
affect, the longevity or the activity of the adult. Therefore, sterilization
appears passible in the laboratory, The provem is the capability of
the females to muitiply cumulatively,

Dr. Mateus inquired it Colombia would b successtul in obtaining
funds from the IFood and Agrieulture Organization (FAO) for a D,
hominis control cumpaign, Dy, Ralnh Bram (FAO, Ttaly) stated that
FAO is always inferested in thoge problews and s alwavs wiliing to
help. I & governiment of o country propoccs a plan and a~rees te
spend o delermined suny of monty i the campainn. United Mations
Development Programme (UNTY) would consider it FAQ is the exccutor
organization of the plan. Genvrally the initial plavning is made for
two or three vears. The same plan is applicable to tick-horne diseases.
The solicitant government must provide them with counterpart support
(work facilitics, ctc.).






l*l(',mal()phagus Diptera as Vectors of Diseases

in Colombia-
Hernando Groot **

Dr. Greot diseussed mosquitos as discase vectors in Co’ombia. He
made special reference to equine encephalitis, yellow fever, dengue
and their vector Acdes.

He stressed the importance of these diseascs, what is still unknown
about them, and the conditions of transmission in which mosquitos
play the most  important part. Venezuclan cquine encephalitis s
transmitted by a mosquito and infection can pass from animal to
man, hence, the human infection is always a subsequent phase to
cquine infeetion.

He noted that veterinary and human medicine are interrelated in
the clinical history of Colombia. There have been serious outibreaks
of malaria, whose eradication is difficult, and most of the failures
are the resuit of problems related to the ccology and biology of its
veetors,

Colombia, by its climatic and ecological conditions, is a country
favorable for the production and development  of  these pests.
Mosquitos thrive in the tropical jungles in slow running streas
which arc an ideal environment for the development of the Culex
larvae. In addition, the country has large rice lands which makes
development casy.

It also happens that at the forest periphery, foci of equine
encephalitis, horses, are naturally immune It has been experimentally

# Summm'y of addres< presented as no formal paper wes reecived.,

** INPES. Centro Administrativo Nacional. (CAN).
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demostrated that these animals form a sanitary barrier around these
infested areas. However, mutants generally leave the sylvatic cyele
and enter the surrounding areas causing cquine ¢pidemics and death.
In the sylvatic cvele. the virus is interchunged by a masquito in the
relationship animal redent-man. Thus, man develops a disease similar
to that of the cquine.

In 1969 in Ecuador, 1 pereent of 31,000 cquine cases of encephalitis
died. These lozses in human lives, medical assistance, control measures
and agricuitural production were otttstanding.

We only nced to know that one of the main preducts of Coiombia
Is coffee and that the horse is used for transport. This makes the
percentage of equine enccphalitus a vital fisure with such production.
The cost of replreing horses thal dizd was 4.2 million dollars in 1987,
The combined animal morbidity and mortality rate from cncephalitis
was also high (76*.). i.e. in 1967. In Celomhia the number of sick
animals fluctuated between 67.000 and 104,000. This diseas<e caused
income losses. cxpenses for veterinary service, and out-of-pocket
expnse for replacement of the animals.

It is nceessary to understand the epidemiology of cncephalitis to
be able to prevent 1t in the future since vaceination has not proved
to be effective. Of 400 children vaccinated, 200 caught the discase.
The encephalitis virus that caused the epidemic was the sylvatic virus
which was not pathogenic for horses. Dr. wroot scemed to indicate
that if the equine virus is eradicated the human discase would also
be eliminated.

Referring once again to Acdes mosquites, Dr. Groot stated that
between July 1971 and July 1972, Colombiz had an oulbreak of den.
gue. The first warring came from Barranquilla, when a group of
doctors from the Universidad del Valle Medical School diagnosed the
cases. The Public Health authoritics werc practically unaware of the
problem, but curiously the population understood. They gave the
disease the [olkloric name “‘red tobaceo” since the discase was
characterized by fever and skin eruption. Serological testing showed
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 August
1975, foci of the virus were found near Cucuta and Bucaramanga thus
infesting the country again and putting the urban populations in
danger of an outhreak of yellow fever. This discase 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 Colomibia. The water is stored under
unhygienic conditions tiwus providing an ideal medium for
mosquito multiplication.

(2) The discase came f(rom neighbouring  countries  already
infested. It was known that there were focal points of infes{ation
in Venezuela and the Caribbean Islands. Thus. it was possibly
carricd on the tires of passing vehicles or in snips’ cellars.

The Ministry of Health at present is reviewing the situation.
However, there is not yet sufficient technology 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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H'cmaloplmgus Diptera as Discase Vectors

in Colombia -
Pablo Barreto **

Dr. Barreto stated that ilies, as bloodsucking inscets. were good
representatives of disease vectors. causine with their bites, health
hazards te man. He mentioned Stomoxys caleitrans which is known to
transinit the virus of an infeetions anemia of horses, the anthrax
bacillus, and severs) pathopenis trypianosomes,

The Tabanidae is o larpe ramily of bloodsucking [(lies of which
several genera have boon blamed as disegse veclors, These flies cause
deep woundy with constderable flov of Dblood. and hlood loss in
hvestock may e o preblem. The Tabunidae are associated with the
anthrax bacrlus, tolavemia, T, evansi and Anaplasma marginale, In
addition. Chrysops is the only known veelor of Loa loa (Cobbald), an
African cve worm that is found in tropical rain forests. The disease
is characterized by purasitosis in the subeutarcous tissue of man with
transient itching and Calabar swellines

Lepiselaga is a0 common hersefly in this country which grows in
swamps. It is thought to be the veetor of one of the ecattle
trepancsomes.

Culicoides: 1s a mosquito that is very smatl Its importance
resides in the (ransmission of several diseases such as the “blue
tongue™ in sheep and equine eacephalitia. In field studies in 1972 along
the Pacific Coast of Colombia many Culocoides were captured, without

* Summary of address presented sinee no formal pancis was =ubmitted,

% Professor. Department of Microbiology. Universidad del Valle. Cali.
Colomibia.
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the virus {thouch. Nevertheless, this dees not mcan they don't transmit
the discaze. Al these moesguitos are  dangerous because of  the
dermatozoonosis they produce, They have a oreat varicty of habitats,
They are found Srom the Athantie Cowst to Letich, the Pacifie Coast,
and castword 'L the way to Venszuehn They are hard 0 control

because of thelr =madl slves Thoy adso are vorae s biters dependine

on the zone in which they nave developed,

The Sl sannily o are small rlies, millimeters in swes Amony,
ptioning arve the hattalo fhes, & naime whieh has been
1

orven o thom poe of their exagzerated  developimient ot the
thoracie  muscics are volacious biters and constitute o pest

wherever thoy are Tound, They will always ok thomselves to wator

currents. beo torronts of water with vood exyveenation. Simuliids ave
of medical impoertance. They fransmit infections that ccuse bhindness
in man: they are probab’y linked with some viral  diseases; they
sreduce dermutitiz and will attack during the dav.

In Colombia, expressed Dr. Barrelo, wo have mueh more to learn
in the field of entomology. Wiirn all the Diptera have been identified,
it will be possible then to plan more in-depth studies.
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Summar)' ol Discussions of Papcrs bv:

Hernando Groot
Pablo Barreto

- Carlos Sanmartin (Argentina) stated tlmt 1 some places the
epl(lmmcs cf veterinary equine ence phalitis (V.E.E.) follow the use
of apparently inactivated vaceines but which are viru‘ent; in
Colombia the use of such vaceines is provibited. There are two big
centers: producing moditied live virns vaceines, one in the United
States and the other in Mexico, Colombia produces modificd live viros
vaccines in iesser quantities. He referred to a paper by Dr. Carlos
Leon from the Universidad del Valle, in which the aftermath of the
disease was (115(11.\\.( diin children with ner ological symptoms the
results were  serious and probaby permanent. Dr. Ricardo Ochoa
(Celombia) noted that: Vaceinations against (V.E.E.) hewp lo spread
cquine infectious anemia due to a lack of precaution with needies
ana asked  what are the disease  effeets during pregnaney  and the
vonsequences for the fetus. Dr H. Groot (Colombia) mentioned that
i Maracaibo. some years aco fetal malformations were atiribuled to
the virus, but these were not eonfirnied.

Dr. Sanmartin added that: Dr. Wagner in Maracaibo reported
anencephahiacly, but no serological studies on the mothers weve made,
nor was the virus isolated. Howcever, these cifeets cannot, be discarded,
sinee the embryonic nervous tissue could be more susceptible.

Dr. Gonzalo Luque (Colombia) inguired about the role of birds as
reservoirs for the virus. Dr. Groot commented {hat in Panama, a
green heron cireulates the virus, About one year ago, he found that
the probable veetors of the epizoodemic cquicide formi belong to six
senera and 20 speeies: the virus has been found in therr but there
iIs no cvidence that all are biological veetors. The genera are:
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Mansonia, Acdes, Deinucerites, Fsorophora. Culex and sonie Anopheles.
The transmitters of the jungle form are restricted o Culex
(Melavoconium), Psovophora and Aedes. The Cali aroup proved the
possibIty of mechanical transmission by Simulium. In the near
future the role of the Tabanidae will be studied

Lepiselaga <p. wor associuted with an epidemic in Tolima, but
muny  Culex were also found: therefore, i was presummed  that
Culexowas the veetor but the virus was not isolated: {he virus corusing
e epidemie was the jungle type.

He  noted  that despite the availability  of  good  vaceines.
epidemiological and entomological studies cannot be abandoned.

Dr. Eduardo Aveardi (CIAT, Colombia) asked if the massive use
of the modificd live virus vaceine had been tested on humans in the
zones highly suseeptible to the virus. Dr. Hernando Groot (Colombia)
replicd that it has been used but has been limiled {o those people
who are highly cxposed to the virus (sueh s laboratory porsonnel).
He stated that evervthing seems to indicate that if we prevent the
disease in equin.s it can be controlled in humans

Dr. I. Londono (Colombia) commented that the Universidad de
Antioquin in Medellin, Colombia is studying the role of Simulium as a
mechanical veetor of V.E.E. They also have some refercneces (Levi,
Castillo) on Culicoides infections.

Dr. Sanmartin declared that he is interested in this wark since
Simulium is ditficult to cultivate and maintain in the laboratory. Dr.
H. N. Espinola (Brazil) noted that Brazil was infested by A. aegypti
which was cradicated 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 America stiil suffer A, aegvpti infestations and while one
country remaias infested there will always be  the danger of
reinfzstations. To this, may be added the problem ol insceticide
resistance: control of A. aegypti must be cartied out on a large scale.

Dr. Jos¢ M. Payno (Bolivia) noted ‘that: Stommoxys  sp.  has
constituted a probem in the East of Rolivia where it has heen
associated with sugar hazasse and he asked if this bagasse is important
for the development of these flies. Dr. P, Barreto (Colombia) replied that
the cggs are deposited in decomposed organic material and not in fluid
materials. The larvae do not inhabit a fluid media, cither. The pupace
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
breeding  place, as well as decomposed  sea weeds. Dr. Guillermo
Mateus  (Colombia) commenied that on the Atlantic Coast of
Co.ombia, when the African palm tree fell to the ground and
decomposed, it constituted a very good breeding place, beeoming a
problem for the neighbeuring animals.

Dr. Beltran mudicated that Stomoexys is a serious problem in Mexico.
He noted that small control tests have been initiated but there have
been no definitive results

Dr. Carlos Quiroga (Bolivia) asked Dr. Pablo Buarrclo (Colombia)
i he had any information concerning the role of the Stomoxys in
E.L.A. transmission, however, e indicated that he did not.

Dr. Luque noted that Tabanidac appear to be possible transmitters
but that there has been no rescarch en this, Dr. Barreto noted that
whle it is true, there are other more important transmitter arthropods.

D . Twque asked if there were information from other countries
on’ osia irritans control.

D Drummond anzwered that there is a pilot plan for cradication
on the island of Hawaii. The insceticide Altosid (methoprene) 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 devzlop. In combination, sterite
males are reieased. They have been raised in the laboratory and
Irradiated with 25,000 rads of gamma rays. One and a half million
males are released per week. Using  this technique it is hoped that
the problem will be ehminated. On one farm, they were eradicated in
13 weeks,

Dr. Payno inquired if Neguvon (dipterex) were efficient against
cutancous habronemyasis. Dr. Hernan Duran (Colombia) noted that
in Caldas, Neguvon has been used locally tor three days, at 15 grams
per 300 kilograms but it is not 100 pereent effretive. In some cases,
It is necessary to revert to surgical treatment. Allowing the manure
to ferment in wells and spraving the wells with 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 that there have
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been 44 cases of onchocercosis. Dr. Ivan Londonio (Colombia) also
added that in Medellin Onchocerea valvulus was found on a patient
from Tolima who was visiting Chovo.

Dr. Gustavo Lopez (Colombin) suggested that recently, muscarine
was isolated from the domestic fly, and toxins from Bacillus
turigensis which could used in the control eof onchocercosis.
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Acaricides and Resistance of Ticks to Acaricides

Alexander S. Tahort *

Pesticides are materials which kill pests or which prevent, inhibit,
destroy or otheiwise mitigate the effeets of noxious animals and
plants. They may also exert an attractant or repellent action  or
control populations by means of limiting reproduction or preventing
cpizootics. The term inscelicide is derived from Latin words nmeaning
“insects” and “to kil Insecticides gencrally are the fivst line of
defense in the control of inseet outbreaks, They have been emploved
because:

(1) They are highly effective.

(2)  Their effect is quick.

(3) They can rapidly bring large insecct populations under control,

(4)  They can be employved only when needed.

Alternative means of contrel can seldom be found that will provide
alt these features.

Inseeticides, however, are not without limitations. Ticks become
resistant to  them. They may disrupt the ccosystem with adverse
effects on the inseet complex. wild'ife, and other desirable species.
Residues remaining on cattle products may pose health harzards.

The contribution of insecticides to human health is impressive.
About 30 known discases are caused by organisms whose arthropod
veetors can be greatly reduced or eradicated by inseeticic s treatments.
The list includes such age-old scourges of mankind as malaria, vellow
fever, filariasis, bubonic plague, tyvphoid fever, and encephalitis,

The need and use of insecticides and acaricides are certain to
increase, despite the adverse publicity to which these chemicals have
been subjected in recent years. The hepe of mankind to escape hunger
and disease is closer to reality today than ever before. This hope

“ Director. Inseet Toxicology Section. Iseael Institute for Biological Resecarch.

P.O. Box 19, Ness-Ziona, Israel.
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rests, to a large desree. on continued resen and development efforts
directed toward the production of safer and more effective insceticides.

You classify insceticides  vither by their chemistry sueh  as
chlorinated  hydrecarbons,  carbamates  or ovganic  phosphorus
compounds; or by their mede of entry into the msect body, suech as
stomach poison, contact poisons, fumivants; or by the stage of inseet
against which they are active, for example, ovicldes against the eees,
larvacides against the immature stages and aduliicides acainst the
mature stages. The best msecticide classification would be their mode o!f
action, but with tiw exception of O-P compounds and carbamates too
lttie is known about their wode of action. Today. 50 vears after the
widespread use of DDT. we still are not sure about its mode of action,
Pyrethrum

Pyrethrunt is cne the riest asecticides over uscd. 16 is belioved o
have been dizccvered by aceid nt m Persia, and later introduced in
Europe in the 19'h ccntury There is a record that oven in the 1st
century. the Chincse knew of pyrethrum as a botanical msceticide.
The daisy-like flower of the Chrysanthemum cinerariacfolium CIOWS
wild in Dalmatia. The active ingredients. Cpyrethrins”, are extracted
from the flowers. Pyrethrum is practically non puisoncus to warm
blooded animals and smee it pessesses no residual cticet, no poisonous
deposits accumulate. Tt causes almost instant paralysis in the inscet
coming in contact with the compeund. Today pyrethrum is grown
mainly in Kenya wnd Tanzania. but also in Ecuador and New Guinea.
Its main disadvantage is ths relativelv high price and instability in
air and light. Pyrethrum is an ester and therefore liable to rapid
hydrolysis: its alcoholic moiety w!so contains double bonds which are
easily oxidized. after which the compound loses its insecticidal
activity. Figure 1. shows the chemical atructures of Pyrethreland
and chrysanthemum monocarboxvlie acid.

Figure 1. Pyrethreland and chrysanthemum monocarboxylic aeid,
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Recently a number of analogues of pyrethrum have been synthesized.
Some of these possess much higher insecticidal aclivity than
pyrethrum itself, and others are more stable, however, they are still
too expensive for practical vse yet. Owing to the high cost of pyrethrum,
itis very seldom used by itsclf hut together with synergists; the most
common one is pyperonyl butoxide, (Figure 2).

Figure 2. Pyperonvl butoxide.
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DDT has probably had a greater effect on reducing discase and
hunger than any other man-made chemical cubstance. DDT was firs
synthesized in 1874 by Zcidler, who did not recognize the importance
of the substance. In 1939 it was resynthesized by Miiller in Switzerland
for which he  receivid the 1945 Nobel prize in medicine. Its major
advantages were: o high toxicity against a broad spectrum of insects:
relatively Tow toxicity apainst warn-blood«d animais (120.350 mg kg)
and plants; its persistent aetion requiring few applications, and most
Importantly its very low cost of production. DDT applied indoors may
remain effective up te a year. beecoming ineflcctive only when covered
by anaccumulation of ercase and dirt; in field conditions with maximum
surface exposure it slowly decomposes under the influence of solar
ultraviolet irradiation.

The mode of action of DDT is not yer tully understood. It primarily
affeets the nerveus systenn It s highly soluble in fatty materials,
reswting in its storage in animal fats and its subscquent appearance
in milk,

DDT appeared on the public health seene during World War 11
and dramatically halted a typhus epidemic in Naples. It also brought
about radical changes inn the method of malaria control. A worldwide
program of malaria eradication. based on the use of persistent insec.
ticides, mainly DDT, was initiated by the World Health Oreanization
in 1955. One biliion people now live in areas frecd of malaria. DDT
was also revolutionary in the contrel of other veetors of diseases such
as tsetse flies. blackflies and fleas.

The disadvantage ot DDT is that many inscet vectors have developed
resistance to it. Today, it is practically impossible to find in the field
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a houscfly strain which 1s not at least partly resistunt to it. Anotler
important disadvantage is ifs nonbiodegradability: it accumulates in
t.2 food chain. Tiie DDT present in lower foms of lite such as
bacteria, inscets, worias, plankion and alga. s ;L ssed en oand often
coneentrates as it gees up the food chain. Birds, near the apex of the
food chain, expecially thos: that prey on fish JI](I other birds, have
suffered grievously fiom this accumulation.

A great controversy is new raging as to whether DDT should still
be used. Many countries such az Sweden, (which once conferred the
Nobel prize on the discoverer of DDT) Gormany. the USA, Canada and
others, have buuned its use and manufacture. However, withdrawal
of DDT without any appropriate substitule has led to disaster. In
Ceylen, malaria had boen reduced to very low levels and the cessation
of DDT spraying operaticns in 1964 brought about new epidemies
with a total of cver 2t million reported malaria cases during 1963-69.
Currently, available funds ¢f the World Health Organization (WHO)
are insufficient to pay for DDT substitutes. Therefore, WHO
recomniends  the continued use of DDT for indoor spraving to
control malaria mosquitces and indzor dusting for plague fleas and
typhus ilce. rather than risk another outbreak of these discascs,
Nevertheless. outdoor uses. especialiv application to waters should he
restricted.

Other chlorinated hydrocarbon insecticides (Cyclodienc)
Lindane

Thiy is th: gamma isomer of benzene hexachloride, a compound
which was first synthesized by Faraday in 1825, but the insccticidal
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 and Aldrin

These compounds are much more insceticidal than DDT, but also
more toxic to wurm-bleoded animals (LD.. approximately 40 mg kg).
Recentiy, they have been suspeeted of being carcinogenous and their
use has been torhidden.

Synthesized for the rirst time by Faraday in 1823, in 1912 Van der
Linden showed that the compound contained four isomers. However,
the insecticidal effcet was shown only in 1941 42 indeprndently by
French workers and by Slade of ICI. England. The t:ehnical 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, acute dermal. The acute oral toxicity of Aldrin is 55 mg. kg.
Acute dermal is 200 mg ke, Lindane is stored in the fat but not as long
as DDT.

Organic phosplhoreus compounds

Many of the insceticides now used helong to this group. The bhasic
research in this group of posticides was carried out by Gerhard
Schirader at Bayer, Germany prior {o World War TI. Those compounds
which showed high human toxieity such as somen and tabun were
developed into wur gases; those with lesser human toxicity were develop-
cd as insecticides (for example, parathion). The O-P compounds casily
penetrate the skine of the inseet or mammal. They inhibit the action
of the enzyine acetyleholine-esterase (AChE). In the animal body this
enzylue  sphits - acetyeholine  (ACh)  which  is  essential  for  the
fransimnicslon of nerve impulses. When a nerve is stimulated, the
stimulus travels along the axon until it reaches a syhapse. ‘iransmission
over the synapse is possible by means of a chemical compound, ACh.
After the stimulus has passed the synapsis, AChE appears, splits ACh
into choline and acetic acid, and the nerve and synapse return to their
original status.

An O-P compound binds itsclf with AChE uand forms a complex,
which is stable for a long period. Thus no AChE is available to split
the ACh, which remains at the synapse indefinitzly, 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 oroup, (Figure 3).

Figure. 3. O-P compounds which are derivatives of phosphoric
acid, 1I,PO,.

0 O(5)
RO |
HO_ 2
N i{ N
P--OH  or P—OR"
/, //
HO R'O

Only the compounds which contain the P--Q group and not the
P=8 are aclive as AChE inhibitors. But this is only theoretical. In

115



practice, all P S compounds contain isomers with P -0 and are
therefore also toxic.

In ordcr to inactivate the AChE thie P- S compound must first
underge cxidation to P- 0. This process occurs in the animal body,
and we call it intoxication. It is also a suicide mechanisn: The animal's
body oxidizes a “non-toxic” compound to a very toxic one which then
Kills it. As wo have seen, the O-P cempounds are esters and thorefore
liable to hydrolysis. Hydrolvsis is influcneed b pH, but also by the
wrescnee of suitable enzyvmes. An O-P comp nd which undergoes
hydrolysis loses its anti AChE activity, since the  soducts of hydrolysis,
mainly phospheric acid, do net inhibit AChE. Thus two procoesses oceur
concurrently in the animal body. one is intoxication (P S to I Oy
the other one is detoxification (hyvdrolvsis of the phosphate ester).
The insect toxicolozist is interested in synthesizing combounds which
are preferentially intoxicated in fhe inseet bodv and mere vapidly
detoxified in tic mammal bady. This is poseible in theory as well as
in practice. The crgare chemist may add certain radicals such as C,.
CH:. etc.. and thus intensify the clictrophilic character of the
phosphorus atem and censeoguently the reactivity of the P --OR” bond.
The biochemistry of the insect and mammal body is also different.
Mammals contain more carboxvesterase than inscets. This explains the
preferential sclective toxicity of malathion to inscets and its low
toxicity to mamnziis. In order o be active malathion hus to be oxidized
to malaoxon. this is the precess of intoxication. On the other hand,
concurrently. phosphatasts and carboxvesterases work on nalathion to
hydrolize it (detoxilicarion). The speed of detexificatinon is greater in
mammals than in inscets, whereas the spead of intoxication is greater
In insects than in mamrals; this cxplains the low toxicity of malathion
to mamma’s. Berore it is exidized in the mammal’s body to the active
compound malaoxon. it iz detoxitied by carboxyesterases and
phosphatascs. However, in the inscel body malathion is more quickly
oxidized to malaoxon, before it is hydrotized, and thus Kills the insect
before it is detoxitied. The chemical structure of ma'athion is shown
in Figure 4.

Figure 4. Malathion.
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Carbamates

Compounds in this group are being aciively developed as insceticides,
A number of heteroevelie carbamates sieh as pyrolan and jsolan by
Geigy were introduced about 15 years ago. However, these compounds
had a limited speetinnn of activity and high mammalian tnxicity, and
they have been replaced by O-1 compaounds,

The introduction of carbaryl (Seviny, a broad-spectrum insccticide,
cained rencwed recopnition for this eass of insceticides, sSince the
advent of carbaryl a oreal number of other carbamates have beer
introduiecd, winony them Baygon, Mosurol and Zeetran. The mode of
action oi ~arvbamate esters in insects is analogous to that postulated
for the O--P compounds, namely inhibiting the cholinesterases) of
the nervous system. However, the resulting  cavbarvl estorase s
apparcently less stable than the analogous  phosphoryl esterase, The
arbamate ester is hydrolvzed in the process of  decarbamylation of
chelinesterase. Cholinesterase inhibition may not b: the sol» poitoning
mechanism responsible for the toxic action of certain carbamates.

As with the phosphates, carbamates are readicy degraded in vive
and in the envirenment; many have low toxicity to mammals, arec
seleetive and fit well into integrated control progranis. The carbamates
ilong with O—P compounds offer perhaps the most promisine chemieal
control agents svnihesized and developed today. Figure 5 shows the
chemical structure of carbaryl (Sevin).

Figure 5. Cavbaryl (Sevin) with the structure L-naphtyl-N.ecarbamate.

O H

O- C- N- CHy

Resistance

The eriterion most commonly used to identify insecticide resistance
has been the failure of the customary programs to provide practical
control, even when the dosage was raised or ths frequency of
application increased. While this is not a salisfactory basis for the
measurement of resistance in a quantitative sense, it constitutes a verv
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convineing criterion. Bio-assay tests provide good quantitative measures
to assay resistance. The chosen ¢ffeet may be any detectable change
due to the texicant. but in practice it is cither knockdown or death,
How should desaze be measured? The commen units empioved such
as known wncunt of kilos o insceticide poro10n diters of sorav bear
no direet rdation to the amount of toxicant reaching the insects. Even
the exact teehnique of topical appiication does not measure how much
enters the mscet bedy and cets to the eritical arcas where the toxic

cffects are produced

The WHO Exvpert Committee has defined resistances s follows:
resistance (o insceticides is the drvelopment of an ability in an inseet
strain to tolerate deses of toxicants which would prove lethal to a
majority of individuals in 2 pormal population of the same species.
The key word is “development™ for this significy that the condition
s characteristic of the population before exposure to the chemical.
In contrast “tolerance” describes n condition  of msensitivity Lo
insecticides betore the use of the chemical.

Over 104 species of insects  important for public and veterinary
ealth have developed at least one type of resistance; for agricultural
insects the numbir is also aver 100. Today four types of insecticide
resistances are important: to DDT: to th- cyciodiene group: to O—P
compounds. and to carbamates. The greatest number of species have
developed rozistance to the cvelodiens group. Multiple resistances of
two, three or even four types together oceur frequently in insects of
public health importance. Resistance has most frequently  deoveloped
in the Dipters.

What 1s the importance ol resistance in the field? Cotton production
is threatened in the TSA. The catlle industry of Australia is
endangered by the appearance of O—P resistance in the tick veetor of
cattle diseases. in uddition. to already widespread dieldrin vesistance.
The German roach in the USA is now almost completely resistant to
chlordane and is hecoming diazinon vesistant. Bedbugs have developed
DDT and cyclodicne resistance in Israel, but fortunately the bedbug
does not constitute o problexn here snvmore, However, in Indian,
bedbug resistance to chlorinated hedrocarbon insecticides constitules
a major health problem. The house!iy has bzcome DDT - resistant the
world over. and is also rosistunt to evelodione insecticides. The
development of O P resistance in California. Florida, 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 {0 O—P
ccmpounds. Aedes  aegypti, the vector of yellow  fever, dengue and
chicunguya virus, had become DDT - resistant in the Caribbean arca
in 1954 and dicldrin resistant in 1950, Recently increased {olerance
to malatiion Las been encountercd theve, 05 the anvpheline vectors
of malaria, 12 species hav veloped DDT - resistance and 34, dieldrin
resistance. Sometimes DT - resistance e be suceessfully combatted
with dicldrin, and dicdrin resistance treated with DD However,
some mosquito populations have deveroped both types of resistance;
for example A albimanus in Central Ameviea. In these cases O-P
compounds  cuch as malathion and fenthion and {he carbamates,
arbaryl and Boveon, have been (ried as residual SPruvs,

Geneties of resistanes

Is vesistance due to preaduptation or to postadaptation, i.c. was
the gene (or genes) responsible for 1esistance, already present in the
msect population or did they appear only as a consequence of the
exposure to the insecticides? The consensus today is that vesistance
is w preadaptution phenomenon since:

(1) Exposure to harniless doses in carly life does not make an insect
any more folerant of decisive doses applied later in its life cycle,

(2)  Colonies in the laboratory cxposed to sub-lethal levels of
toxicant never developed resistance, even after 100 generations
of exposure. Only when the dose was raised 80 as to cause
mortality, did resistance develop.

(3)  Exposure to toxicants of lzogenic strains of Dresophila, which
lacked the neeessary preadaptation gene, did not induce
resistance. Insecticide resistance is thus developed by Darwinian
selection of pre existing genes. However, DDT- resistant alleles
may be preduced by mutavens sueh as X-rays.

Genetie studies or the four different resistance types have shown
that they are caused by a single gene. Many resistance ¢genes have now
been precisely located on the chromosomes by linkage studies with
marker strains.

DDT resistunce usually develops after an initial latent period of
several generations before it inereases steeply. Tne whole genome must
be remodeled, so that inscets with the DDT - resistance gene are no
longer handicapped. They must have been so at first for otherwise
they would have been initially DDT-resistant. Cyclodiene resistance
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on the other hand develops without delay. without new supporting
alleles. O-P resistance in inscets develops very slowly, It is a'so linble
to revert, since the O-P resistant individuals are wsually handicapped
by low fertility. Carbamate rosistance also develops slowly,

The higher the selection pressure and the wider ihe area covered
by the nseeticide the fastor resistanee develons soe fower suseeptible
individuals are left (o dilute the resistant survivors.  Residual
imsecticides are more Hable to induce resiztanee, boenuse they continuae
to scleet long after they been applicd. Resistance also develops faster
in tropical and =ubtropical climates than in temperate ones. due {o
the greater number of inscet generations por vear.

What makes one inseet popuation insecticide resistant, while
another one is susceptible. Most studies have dealt with DDT
resistance in the hous:fly, which may scrve as an example {or other
insects. Neither roduced penetration throush the integument, nor
larger body size. or higher lipid content. cte., explain the phenomenum
Howewver. a hizh degree of correlation exists between resistance to
DDT and enzymatic dehydrochlorination. Most resistant fly strains
have shown greater ability to convert DDT to DDE in vive and in
vitro than their susceptible counterparts. Another DDT metubolism
route is via hydroxylation. to dicofol. for example, in Drosophila and

N

in Triatoma infe<tans by "mixed function oxidases™

O-P resistance may be characterized by the deorec of inhibition
of AChE and cr allesterase enzynmes, and by differences in the rates
of activation and inactivation of the toxicant. Decreascd sensitivity
of nerve fiLers end ganglia is also a factor in ticks and mites. For
example, grezier hvdrolytic efficieney is a characteristic of the O.P
resistant insect. Thus ronnel, dicapthen, chlorthion. parathion, methy!
parathion and diazinon are hydrolyzed in Periplancta americana via
phosphatase action yiclding dialkvl phosphates and thio-phosphates.
Malathion is extensively hydrolvzed in the fly and in Culex mosquitoes
via phosphatasc attack at the P-S linkages yielding soveral breakedown
products. and also, via carboxyesterase hydrolysis of the diethyl
succinate moiety resulting in nontoxic mono-and dicarhoxviic acid
derivatives of malathion. EPN, a carboxvesterase inhibitor, syn-
ergizes malathion against resistant Culex tarsalis, thus establishing
the importance of carboxyesterase activity in this snecies,

Carbamate resistance

The ineffectivencss of a particular carbamate may be due to its
rapid disappearance from body tissues, cither by hvdrolvtic atlack or
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by excretion. For example, carbaryl is metabolized by resistant
houseflies at a faster rate than by susceplibie ones.

Any kind of stress cuch as abnormial environment, deficient diet,
unusual abundance of enemies, cte.. will sort ont those individuals who
are handicapped, aod will pormit only the more vicoreus to reproducs,
This cffcel of generad vicor wili operale In a nonspecific manner, Thvs
an insect may show o certain degree of resistance to any loxicant,
This 1s called vicor toleraree,

Cross resimtaner

The frm eress resistanee i+ used {0 imply that a szl property
engures cross - protection to various foxicants. Multiple resistance on
the other hand  refers to the coexisience of different defense
mechanizms in the samne inseet strain, duplicate resistanee occurs when
al least two mechanismes exist in the same strain, protecting it against
the toxic action of a compound by two mechanisms, for cxample
against DDT by (i) dehvdrochlorination. and (b) hydroxylation.

Exposure of an insect population to one insccticide may lead to
cross-resistance to chemically unrelated insecticides, even to insocticides
witiy ditferent modes of action. It is now possible to recomnize certain
patterns of cross.resistance which have important implications for pest
control programs:

(1) Seleetion tor resistance to DDT involves cross-resistance to
DDT analogues, unless the chemistry of the latter does not
allow enzymatie dehydrohalogenation. Cross-resistance does not
usualiy involve lindane, cyelodiene insecticides, O-P compeunds
and carbamates.

(2)  Sclection for resistance to  insccticides other than DDT,
results in cross-resistance to DDT more readily than the

reciprocal case by DDT selection. For example, resistance to

malathion has resulted in high levels of DDT.resistance.

(3)  Selection of resistance to any member of the cyciodiene group
invariably results in cross-resistance to all members of the
group, but not to insecticides outside the group. Resistance
tends to be highest to the compound used for selcetion.

(4) Sclection  for resistance to an O.P compound involves
relatively specific eross-resistance to certain compounds only
of the same group. It may, however, lead to cross-resistance
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-resistance to othvr membors of the carbamate
group. There may be very high  ~ross resistance to DDT,
lindane ana the evelodiene-derived aroup.

(6) The addition of a svnergist to a carbamate may temporarily
restore its effectiveness avainst the resistant strain.

The practical implications of these observations are: resistance to
DDT as a result of using only this insecticide is unlikely to affeet the
usefulness of other pestieid.s Resistance to one member of the
lindane-cyclodicne  group is likelv io nullity the uzcfulness of all
members of the same group. Resistance (o a membsr of ‘he O-P, or
to a member of the carbamate eroup. does net necessarily affect the
usefulness of other members of the same two erouns. Resistance to a
member of these groups may, however, involve scrious cross-resistance
to ithe chlorinated hydrocarbon agroup. Prespects tor the reintroduction
of the chleorinuted hydrocarbons after the interim use of O-Ps or of
carbamates are therefore not geod.

Tick resistance

The first record of chiemical uck control was the use of arsenic
in Queensland, Australia in 1895. Arsenic gave sood control until
1935, then arsenic resistant tick strains appeared in Australia, South

frica and Argentina.

DDT was first used in 1946, and in 1955 a 20-fold DDT-resistance
was reported in Australia. However, in most places DDT.resistance
developed only slowly and could sti'l be used until 1962,

Then lindane was introduccd. but in both Australia and South
Africa resistance tu BHC developed within 18 menths. Resistance to
lindane in Boophilusz has alwayvs extended (o toxaphene and the
cyclodienes.

O-P resistanes was only found in Australia where it was exclusively
studied. There, the many straing exhibiting resistance to a wide range
of O-P and carbamate chemicals have crcated a serious problem
for cattle owners. O-P compounds had bren used since 1956, but in
1963, one ycar alter the banning of the chlorinated hydrocarbon
insecticides for use on cattie. a Ridgelands strain showed resistance
to all O-P compounds and carbamates used.

What can we do to control resistant inscet populations? This is
one of the most difficult problems today, and we do not possess a
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ready solution to the problem. One of the causes of insect resistance
is survival of the inscct due to an insufficient individual dnse 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 rather than resistant. The dose of
toxicant picked up hy a crawling or resting insect, would be a function
of the time spent on the insccticidal surface. Anything to increasc
this time will therefore increase the effeetivencss of the insccticide,
Recent years have witnessed some important advances in (his area by
studying phicromones. The m:thod nof barting luves and {raps with sex
attractants to which small concenirated amounts of a biodegradable
toxicant have been added, is one future way to control resistant insect
populations,
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Rescearch into Alternative Arthropod Control
Measures Against Livestock Pests
(Part 1)
Rachel Galun *

Introduction

With 19th century growth of urban populations throughout the
world there was a steady inerease in the demand for beel, hide and
dairy products. Vast virgin grasslands in the Americas, Africa and
Australia altracted pioncer graziers cazer to exploit this abundance
of cheap pasture. During the lalter half of the 19th century there
were real movements of cattle in and out of these areas as ranches arew
and cuaitle were driven lone distances to be laughtered and sold.
These eattle movements not on.v sustained and supported indigenous
tick populations. but also played a part in widening their geographical
distribution, Boophilns microplus, for example, is believed to have been
mmtroduced into Australia in 1372 by a herd of Brahman eattle brousht
across rom Jjava {o Darwin.

[t has been estimated (Shaw, 1970) that about 80 pereent of the
present day one-billion world cattle population is exposed to risk of
infestation with eattle ticks, Most countries situated between latitudes
35 8 and 35 N support one or nore speeies of tieks. B. microplus is the
most widely spread species, found in Australia, Southeast Asia. South
Africa ond South America. Beophilus decoloratus is confined to South
Africa. Speeies of the genus Amblyomma are found both in South
Africa and the Americas. Rhipicephalus appendiculatus and R. everfsi.
oceur in Africa, South of the Sahara. Species of Hyalonuma are found
in Africa, Asia minor and southern Lurope.

Department of Futomology. Lseael Institute for Biological Rescarch, PO,
Box 19, New-Ziona. lerael,



Ticks can damage their hosts in four ways:

(1) They are are voracious blood feeders, thus causing retardation in
cattle weight cain ax well as in milk production.

(2)  Ticks damage hides by making puncture wounds with their
mouthv - parts. These wounds are frequentiv exacerbated by
localized tissue reactions to which the animal responds by
licking. kicking and seratching. Frequently, the wounds beeome
septic and may adso become fivblown.

(3)  Ticks can inject toxins via their saliva which. in the case of
some species. e.g. Ixodes holeeyelus and L rubicundus, can give
rise to severe paralysis. In the case of Hyalomma truncatum, the
toxins can caus» sweating sickness,

(4)  Ticks can transmit certain protozoan  diseases:  babesiosis,
anap.asmosiz, and theileriosis. These  diseases often nrove
fatal. particularly to non-immunized stock. No effective vaccine
Is available {or some of these diseases.

Control of free.living stages

Altempts 1o control ticks have been directed at the free-living
stages on the pasture. as well az against the parasitic stages on the
bovine host, Only the latter attempts have o far met with any success.

Burning-otl grassland in an attempt to Kill off free-living tick stages
and removing alternative rodent hosts have not proved practical.
Treatment of pastures with acaricides may have some practical merit
in restricted areas; obvicusly the treatment of vast arcas of prassland
is out of the question. Past altempts at biological control by the
the dissemination of tick predators have proved disappointing. Attemipts
to starve the frecliving tick stages by removal of their bovine hosts
have been made in Australia (Wilkinson, 1955). But this “pasture
spelling” is feasible only where alternative hosts are not present since
free-living ticks can survive many months of starvation. In addition.
this method imposes strain on the cconomic use of the vasture.

Flooding tick popuiations with sterile males does not seem Lo be an
economical control method. Adult irradiated ticks cease to be competitive
much eariier than normal ticks, as they become aspermic due to
inhibition of the spermatogenic cyele (Galun et al. 1974).

The frec.living stages must attach to their hosts in order to feed,
molt and producc cggs. They tend to aggrepate in huge numbers on
several blades of grass, awaiting passing hosts. Tt is sugeested that
these huge tick aggregates occur as 4 result of asscmbly pheromones.
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Identification ot such pheromones may help in the control of the free-
living stages. So far assembly pheromones have heen demonstrated only
for soft ticks (Leahv et al., 1973) but their chemical identity has not
been elucidated.

Control of parasitic stages

Effcetive methods of imiting tick depredations have been achieved
by treatment of the infested bovine host with acaricides which are
applied in one of two vays, cither by dipping cattle or by spraying
them with aqueous <olutions or suspensions. Recently, some compounds
have been develop:d which are peured onto the cattle, absorbed, and
exert their effect systemically,

Tick populations have consistently been shown to POssCss g genetie
pool containing  the potential to resist a wide range of  chemical
jmisons. The introduction of a new acaricide followed by its widespread
use has ali teo frequently  resulted in the appearance of o tick
population resistant to that chemical. In vavious parts of the world
ticks have progressively heeome resistant to sodium metarsenite, DDT,
BHC and toxaphene. Since the mid sixtics, ticks have shown resistance
to organophosphorous compound carbamates (Enders et al.. 1973

It is obviously desirable that an alternative approach  without
reliance on chemicals he developed. One of the possibilitics suggested
by the Australians was the use of cattle resistant to tick infestation
(Wharton et al., 1971y, Only a few ticks reach maturity on resistant
cattle and most of the larvae are rejected within 24 hours of parasitic
life  evele, The major factor in tick control is an - immunclogical
reaction (Roberts, 1968). Cattle infested for the first time are initialy
highly susceptible. After several days of exposure to ticks a degree of
resistance is acquired. It js likely that the immune response of the
host causes rejection of the larvae. Such rejection might result from
damag» to the larvae by host lactors ingested, neutralization of
feeding enzymes, or alteration of the altachment site by host reaction.
so that it becomes unsuitable for feeding. Resistance of cattle to ticks
Is species specifie. The degree of resistance of an individual animal
1s heritable and therefore innate, but the stimulus of tick infestation
is normally required before the resistance is manifested. Roberts (1963)
concluded that a successful vaceine against cattle ticks was not
feasible, as cach animal would develop only that degree of resistance
for which it had the innate capability.

Sclection to raise resistance of British breeds to B, microplus 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



cattle and 8. microplus have been associated for thousands of years
in Asia and a state of cquilibvium between host and parasites has
evolved. In Malaysia, Thailand and the Philippines, B. indicus cattle
are infested only with a very small number of ticks (Wharton ot al.,
1971, Cross breeds of Zebu pencrally show adequate tick control, yet
the variability is great and there is a need to climinate the more
susceptible animals. In countries like Australia where there is only
one tick specics of major cconomic importance, seloction for resistant
cattle wili probably provide the most effective long term solution for
tick control (Springell, 1974 However, In many (ropical counivies
where penetic improvement is being sought through the introduction
ot Eurepcan stock, there is the danger that replacement o B. indicus
by B. taurus genes could result in inereased susceptibility to cattle
ticks. The prescuce of several species of tieks other than B. microplus
and of several associated tick-borne discases ave added complications

Immunization of cattle against tick hormones

We would like to suguest a new approach to inmnunization of cattle
against ticks by producing in the cattle specific antibiodies against
developmental hermones of ticks.

It has long been kaown that speeifie antibodies are capable, under
appropriate circumstances, of neutralizing many biologically active
macromolecules including toxins. enzymes, peptide hormones and
others (Butier et al. 1973). Specific antibodies were reported to
reverse established cellutar effeets of insulin and thyrotropin in vitro
(Pastan et al. 1966). Recently, antibodies were also reported to be
physiological antagonists to low molecular weisht molecules such as
steroid  hormones, pyridoxall  phosphate.  histamine, serotomine.
chloramphenicol, and cardiac glucosides (Butler et al, 1973). By
virtue of the specific antibodics’ capacity to bind these substances.
they inhibit cortain physiological effeets of these compounds in vivo
and in vitro.

The growth and maturation of insects (and probabiyv of ticks as
well) are governed by thiree main hormones: brain hormone, juvenile
hormone (JH). and eccdysone (NH) which are responsible for the
complex serics of molts that these arthropods undergo during their
life cycle. The molts are regulated by the brain hormone which
activates production of the molting hormone, ccdysone. Changes in
titers between juvenile hormone and cedysone determine the nature
of the newly molted arthropnd. Early in the life cycle relatively large
amounts of juvenile hormones are present to maintain the juvenile
state, and ccdysone level is low. As the molts progress, the juvenile
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hormone titer decieases 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 to be a protein (mol. wt. 9,000 - 30,000) synthesized by
neurosccrctory cells in the brain. Pure preparations of this hormone
are not yet available.

Three naturally occurring JH have heen characterized. These are:
sesquiterpenoid. so-called C,..J1T 1. C--JH 2 and C,..JH 3. Figure 1.

Figure 1. Structure of 3 naturally vccurving JII.
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Antibodies to C..-JH have been recently produced for radioimmune
assay of this hormone (Laufer et al, 1974). By conjugating the
hormone to a large carrier protein (such as human serum albumin
(HSA) -via  the N-hydroxysuccinide) the hormone is rendered
heptenie and can elicit an immunoegenic response. Rabbits injected
vl this conjugate produce specific antibodics at a titer of 1.8 mg ml
blood. Only JH and very close opovv derivatives react with the
antibodics,

B ccdysone, the molting hormone (NH) of arthropods, is a
polyhydroxy steriod with the following formula, (Figure 2).

Figure 2. B ccdysone.

OH
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For the purpose o radioimmune assay, antibodies against this
Lormone have veeintly been produced (Borst & O Connor, 1972; Laufer
ot ak, 1974). Borst and O° Connor produced the conjugaie, cedysone-
bovine serum albumin (Bs ), by first converting the cedvaone to the
oxime acetic acid ether. The oxine derivative is couplew to BSA by
way of the isobutvlehloroformale.

Lauter et al. (1074 produced a hapten profein conjugate of
hemisuccinate derivative of B eedysone with 1ISA. The aniibodies
produced were highly specific. Compounds lacking bydroxyl substitute
at the C.20 position were not effective. The last method scems to
produce mere specific antibodics.

Radioimmune assay ot cedysone is already in use in several
laboratories. ver the nhysio’ogical cifeets of the antibodies on insect
develcpment  have not been studicd. We believe that if antibodies
against av -« { the three hormenes alveady mentioned can neutralize
the physiolugical effect of the hormones in vive. then eatltle can be
immunized against the tick hormones and this method can then Yo
used as a control apainst ticks,

There are several reszsons Lo believe that sueh a control svstem
might be effective aganst ticks.

o
o

(1)  Many species of ticks are almost exclusively monophagous,
and feed on’y on donestic animal!s which could be immunized
in a given areca. Thus, every single tick in this area will
will presumably be affected.

(2) The blood meal ingested by a tick is about 100-fold its own
weight and therciore there is a chance that the amount of
antibodies ingested with the blood meal might be sufficient
to neutralize the hormones.

(3) We found that a considerable amount of the Y globulin
Ingested by ticks pusses through the gut wall serologically
unchanged. This may be related to intercellular digestion
typical of ticks. Thus, it may he assumed that enough of the
ingested antibodics will pass through the gut wall into the
tick hemolymph  where they  should  interact  -with  the
hormones.

(4) As these hormones are common to the whole group, a
successful method for one specics will .nost prohably be
effective against other cattle tick species.
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Control of Livestock Pests by
Insect Growtl Regulators
(Part II)
Rachel Galun

The major pests of livestock are:

(1) Biting flies (bloo: fsucking): the horn fly (Haematobia). the
the stable fly rStomoxys). horseflics and a few others,

(2) Non-biting flics: house rlies, face flies. cattle grubs
(Hypoderma), Dermatobia, various bots (Ocstrus, Gastrophilus).
and more.

(3) Biting licc (Bovicola) and sucking  Hee  (Haematopinus,
Linognathus and Solenopotes).

(4)  Mites: Sarcoptes, Psorergates, Psoroptes.

(5) Ticks:  mainly  Amblyomma, Beophilus,  Haemaphysalis,
Hyalomma, Ixodes. Rhipicephalus,

All of these pests develop during at least one stage (either as
larvae or adults) in the manure excretcd by their host (various fly
larvae), in the tissues, or feed on the bload of the host.

Many of the common insecticides such  as the chlorinated
hydrocarbons. organophosphates and carbamates, which are applied
to the livestock direetly, to buildings housing animals, and to the
animal manure, are rather non speeific and could control most of
the livestock pests. Yet they cause contamination of the environnient
and of livestock products and some also have a re latively high toxicity
to the host animals. In addition, insccticide 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 the
environment.,

Increasing the specificity ol an insecticide lints its overall market.
The cxpenses involved in the development of an inseeticide and in
the elaborate registration requircnients for a new nseeticide, are the
same whether the insecticide has o small or a large market. The
industry is. therefore, reluctant to develop narrow speetrum nestieides
unless the pest species is of major cconomie importance (Djerassi et
al.. 1974)

I, therefore. believe that the development of control methods
against livestock pests should be aimed at finding the same control
agent which will be active against all pests, vet the agent should be safe
to use on animals and also have a minimal contaminating eoffect on
the environment. Such a control agent mayv perhaps be found in insect
hormone mimics. currently referred to as inscet growth regulators
(IGR). These lack the extreme specificity of pheromones: therefore,
their commercial applications ave clearly  wider.  Their  unique
bicchemical mode of action appears to limit their effect te members
of the phylum of arthropods and perhaps also to tHelminths (Muffic.
1969; Shanta and Meerovitch, 1970; Davey, 1971; Rogers, 1973). while
rendering them relatively innocuous to man and other animals. Reeent
studies have indicated that some of them are les toxic and
persistent thhan chemical control agents currently known (Djerassi
et al.)).

It is proposed to exploit the fact that the pests to be controlled feed
al the right stage of their development cither directly on the host or
on its feces. Thus incerporation of growth regulators into the fead
of the animals will bring all these pests in contact with chemicals. If
one mode of applicaticn using one compound will suffice to control
all the pests. the high price of the chimical will at least partially
be compensated by the cheap treatment.

Incorporation of chemicais for the control of livesteck pests into
animal feed has becn under experimentation for many years. A project
of testing systemic msecticides against ticks, screwworms, Hypoderma,
Oestrus and a few other parasitic arthropods has been going on for
years at the USDA laboratory at Kerrville (Drummond and Groham,
1965).This program has been maintained in that taboratory since
1946. A great numbcr of compounds have been identified for their
systemic properties. In the process of adding insccticides to cattle
feed, Drummond ct 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 means for controlling ticks, sucking lice, grubs and come fly
larvae in the manure.

Some inscet growth reaulators when added (o {lv breedine media,
proved to have morphogsenctic effects on the fly lavrvae (Writh et al,,
1973) and were mmmediately tested for their cifeet on the development
of larvae in feees of bovines treated ora:dly with IGR (IIarris et al.,
1973). The carly success of this method cnesuraged many mvestigators
to screen the activity of juvenile hormone mimics as feed additives for
the control of dung hre ding dipterous larvae. Yet. unlike the studies
on systemic insecticides, these studies were nof extended to test the
effect of these compounds, applied in the feed, on the control of pests
developing inside or on the bleod of the treated host.

Applicaticn of chemicals which ar: biodegradable to food additives
limits the danger to the environment and may affect mostly non-
target inseet fauna which develop in bovine fecal parts, i.c. mostly
Hydrophilidae and Scarabaeidae bestles. The wider the spectrum of
the IGR, the more cffective it is against these beetles. Thus
methoprene (Aitosid - ZR-515) . which is more speeific against Diplera,
did not affeet these beetles, while TH.6040, which interferes with
cuticle deposition during molting in a iarge numbcer of arthropods, was
also active against several species of dung bectles (Pickens and Miller
1975y

It is quite likelv that it we want to usc a single compaund for
the contrel of helminths, ticks, lice and various Diptera. it will have
to be one which is less selective and might affeet some non target.
inseets in the dung of the treated livestock vet it is expected
to be limited und short-lived due to the biodegradation of IGR.

Postembryonic development and maturation of inseets are controtted
by an endoerine system and are based mainly on the interaction of
two sets of hormones: the molting  hormones—the cedysones which
stimulate niolting and juvenile hormones which confrol and limit
differentiation or metanmorphosis. It has long been proposed that
either oune or both of these insect hormones may be potent insect
control agents, with many advantaces over commeoniy used insectides.

Even though the possibility of using the molting hormones as practical
insect control agents has not been pursued. it docs merit serious
consideration. The polyhydroxy steroids may mterfere with immature
molting, ovarian development, embryogenesis and  diapause. Of the
natural ecdysoncs, 20-hydroxycedysone, when added to 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 22,25 - bizdeoxyeedysone, in addition {o inhibiting reproduction,
also inhibits larval development in the housefly when incorporated
into its diet at 15.25 ppm.

Diapause o larvae of the tick Dermacentor  albipictus  was
terminated by topieal application of « cedysone and analogue A7 - 5B
chelestene—2B. 3B, IHa-~triol-§ ene (Wright, 1969y B cedysone,
ponasteronce A and inckostevone, whoen fed to the tick Ornithedoros
monbata adult in a concentration of 0.5 = 10 uz ¢ bleod, produced
supermolts. or death. They also eauscd mol ing o non molting,
partially fed nymphs (Kitaoka. 1972). It was later found by Maneo at
the International Center for Inszect Biology and Ecolooy (ICIBE) that
the super-molted ticks retained theitr reproductive capacity, and if
offered a scecend bleod meal, they took a larger meal and produecd
a larger number of <ggs. Further f{eeding with cedysone induced a
second supermolt of giant healthy ticks. Thus, eccdysone and
phytoecdysone can cause death or precaricus molt of nymphs, but can
also produce at certain concentrations, “super” ticks.

Insect molting hormones and hormone antagenists have not
proceeded bevond the stage of laboratory rescarch and at present
appear to be outside the realm ol economic feasibility (Djerasst et al.,
1974).

The usc of modified inscet juvenile hormones reached the stage
that by 1972 the first application for an exprrimental permit for
control of mosquitoes was {iled. It would scem, therefore, much more
promising to study the feasibiiity of use of JH mimics for the control
of livestock pests.

Diptera

Most of the practical results obtaincd with insect growth regulators
have been with Diptera. The data were recently reviewed by Staal
(1975) and will. thercfore. be mentioned here only very briefly.

The inhibitory activity of IGR on cmergence of adult museid [iies
has been demonstrated by topical application of wandering larvae and
untanned pupae, as well as by treatment of larval media. Methoprene
(2r-515, Altosid) causes extremely high non-cimergence  activity.,
Incorporation of methoprene into  the rearing medium  at 10
ppm shows effective control against several straing  of  Musca
domestica. But against insecticide resistant strains, concentrations of
up to 250 ppm arc reguired (Jakob, 1973). Even more sensitive to
IGR than M. domestica are the horn flies (Haematobia irritans), the
face fly (Musca antumnalis) and the stable fly (Stomoxys caleitrans),
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but there arc substantial relative ditfferences for these species in
susceptibility to different types of compounds or variations within one
type of compound (Harris et al. 1973: Wright et al., 1974).

Figure 1. Structure of methoprene (Altosid).

YT Ty T

Poor control of flics is obtained when manure 1s superficially
treated with IGR. presumably because penetration and distribution
of the chemicals are poor. Oral administration of IGR survives the
digestive tract, mixing throuch the manure and may be assumed to be
homogenous. This huas been proven to be a successful procedure
(Harris et al.. 1937. Miller and Level 1973). The practical realization
of this procedure will depend primariiy on considerations of cost and
of safety of the animal and animal products for human consumption.
A dose of 0.7 mg of methoprene per day cow provides full control of
horn flies, while 100 myg per day per cow is required to control stable
flies. The residual effeets of the treatment are quite good: flies cannot
develop in manure collected up to eight davs after the last feeding
of IGR.

Since the early experimients were all dene with simple emulsifiable
formulations, it is likely that suitable formulation could improve the
efficacy of passage through the alimentary tracet,

The ficld, activity, spoeificity, degradation and toxicology of
methoprene have been intensively studied. When mice. rats, guinea
pigs or cows are treated orally with methoprene, it is rapidly metabelized
and eliminated via the urine, feces and expired breath. Some of it
passes through the digestive tract unchangsd, and this, as has been
mentioned, is sufficient to inhibit fly development in the feces. I
have no data as to the level of methopren. i plasma and tissues at
various fecding regimes, information that is important for studying
its potential for contro! of other diptera: grubs, bols or screwworms,
in the treated host. Basically, as methoprene shows activity against
many diptera, it could affeet these inseets as well, provided that the
proper councentration is maintained in the host tissues.

Recently, exceptional activity of  TGR having an avylerpenoid
structure. was reported in museid flies «Schwartz et al., 1974), Figure
20 A dose of 25 mg ke body wit day was sufficient to produce 100
percent inhibition of face fly eeclosion, stable fly and hornfly. Yet
these compounds, which have the highest reported activity against
muscid flies, arc not active against Tenebrio or Oncopeltus, and it
Is possible that their spectrum does not include lice or ticks.
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Figure 2. An IGR containing an arylierpenoid structure,

Lice

The chewiny louse, a pest of domestic animals, has reccived considera-
ble attention. Chamberlain, Hopkins and collaborators screened a preat
variety of compounds in several ways on Bovicola  Hmbatus
(Chamberlain and Hopkins, 1970: Chamberlain et al.. 19732: Chambarlain
et al. 1973b): Hopkins and Chamberlain, 1972 Hopkins ot al., 1970).
They concluded that the last avmphal instar 15 the sensitive stage
and that 50 ppm of JH 1 and JH 2 in the diet prevents metamorphosis
and reproducticn. ZR-312 2 5 ppm s tully effective. This means that
0.1 mg of this compound per goat, administered periedically, ¢hould
give sulficient control. Yet it is very doubtful if this species could be
contro.led by systemic IGR. as systemic insecticides do not control
it either.

Sucking lice (Anopleura) of cattle have not been studied with
IGR. Our information is bas.d only on studies with the hiiman body
louse. Pediculus humanus. Vinson and William- (1967) siudied and
observed the eficcts of a hydrechlorinafed farmcsoates mixture on
embryogencsis and metamorphosis, which leads to high mortality
when populations are exposed to wool fabrie impregnated with this
mixture. Some of the lice which survive the high dose develop into
giant supernumeraries. This of course casts doubt on the use of these
compounds. Bagley and Bauernfeind (1972) mention ovicidal effects of
RO 20.3600 but state that the abscnce of immediate effects may
preclude their use for public health purposcs, 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 nol been reported as heing
active against Acarina (mites and ticks) at reasonable dose rates. He
further  speculates  that  this group of arthropods may rely on
mechanisms  for regulation of metamorphosis  and  reproduction
different frem those of inseets. I have mentioned a few cases where
cedysone was shown to terminate diapause and initiate molts in ticks.
Information on the cffeets of JH and ils anazopues is rave, Yet it was
reeently  shown that one of the JH analogucs (accetaldehyde, 2-(2-
ethoxycthoxy) cthyl-p-(methylhio) phenyl acetate) induced diapause
termination, vitellogenesis and oviposition in female Argus arboreus
(Bassal and Roshdy, 1974).

Several  JI analogues  were  tested for their effeet during
embryogenesis of Hyalomma dromedarii and molting in nyvmphs of
. dromedarii, Haemophysalis Tongicornis and Dermacentor andersoni
(Bassal, 1974).

The compounds were applicd topically to females on the first day
of oviposition. ZR-512 completely blecked embryonic development 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-312. Bassal (1974)
reports on the cffeets of JH analogues on molling of several species
of hard ticks. Mrs. Mungo at ICIBE treated Rhipicephalus appendiculus
females by applying JHA topically after they  had  completed
engorgement. and none of the thousands of egps hatched.

Not enough work has been done so far on ticks to he able to
conctude that they are not affeeted by IGR. The fact that Ornithodores
supermolts after ingesting cedysone, but is hardly affected by tepical
application, may hint that oral administration of IGR is much more
cffective than topical application. At presint, proposal aims are for
treating ticks by feeding the host with IGR: tests should be conducted
by feeding candidate cempounds to the ticks.

IHelminths

The life cyeles of nematodes are similar to those of aptervgote
insects. Il would be reasonable, therefore, to scek in nematodes a
system which invoives a molting hormone and JH (Rogers, 1973).
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Summary of Papers Presented by:

Alexander S. Tahori
ftache! Galun

Dr. Aart van Schoonhoven (CIAT. Colombia) asked it Dr.
Alexander Tahori (Israel) had any knowledge about resistance to
pyrethrum or if 1t would develop. Dr. Tahori replied that it already
exists in some fly lines. It was found in Africa and will possibly occur
in other inscets.

Dr. Gavin Braithwaite (ODM, Argentina) suggested that in cattle
with few ticks a strategic method of dipping can be continually utilized.
He asked if in such a manner the life of an acaricide would be
prolonged so that, although resistance would not appear quite as soon.
when it did occur it would be seleetive.

Dr. Tahori indicated that although he didn't have expericuce in
that respect, it is true that with a bigger tick population the possibility
of some having the genes for resistance is greater but he added that
this is only n theory and he did not know if this would oceur in
practice.

Dr. Marcelo Rojas (Peru) thought that resistance to acaricides is
due to the use of small doses and the residual effect of the chemical
and he asked how long a particular solution should be accepted as
useful for dipping. Dr. Tahori believed that theoretically, the solution
that Kills 100 percent of the ticks does not allow resistance to develop.
If this is compared with anothier that only Kills 80 percent, the
acaricide gets dirty and loses powor aad selection of a resistant
population 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 Zurger population and he asked if it would be of any
value to alternate acaricides. Dr. Tahori noted that every acarieide
component nevds a determinate number of generations to  induce
resistance. Whion using two  differont products, resistance  will be
developed when the number of partial generations required are added
up. He noted that this is o twory and apparently it docs not happen
in practice.

1

Dr. Rachel Galun «Isracli stated that there was a sroup of acaricides
that makes ticks drop to the ground. Dr. Rocer Drummond (USA) added
that some work has been dene with material called Gallicrone which
is. not specifically toxic but makes  ticks  more susceptible  fo
acaricides.  These  works  were initiated  with capike”  Fenam-
madines in  Australin . He  <uzeested  iha' it would be useful
iy the 7ase o0 tiek vesistanes to cther acaricides. 1 works better with
tieks with short hypostomes, but it .. toxic to bovines. Dr. Tahori, also,
added that the Gallicrope compounds are not stable: thev are toxic
and for that reasen they have not been commercialized,

Dr. Nestor Lopez  iColombian  indicated that there are  some
organophosphiates which change their radicals. He asked if the induced
resistance covers the whole group or depends on the radical Dr. Tahori
replied that coneral istance is not inducad: resistance is induced
oLy tu certaln speetfic compounds of that group. He alsio mentioned

bl

eross resistieo to compounds of ditterent groups.

DroAllnnzo Escobar (COOPER. Colombia) mquired 1 indueed
resistance were brreversible Dro Tahori statsd that tick resistance to
acaricides hias onlyv oceurred in Australin, It has been a stable resistance
and they have been waitine for its reversibility, After resistance
develops in the domestic fly. it also disappears. but if the insecticide
is used again, the resistance comes hacl,

Dr. Fabio Galver (Colombia) ashod to what compound are ticks
resistant In Australia. Dro Taher! mentioned that ticks are resistant
to chlorinated hydrecarbons and organcphosphates and to practically
all the acaricides with cplion ot the “spike”™ mentioned before. He
believes that ticks will scorn be resistant to all acaricides.

Dr. Jodo Gonzalez (Drazily wuggested that there is data to contradict
the idea that there are some individuals carryving the resistance gene
in all tick populations. He asked it it is eredibls 1o accept that the
gene can code multiple resistance infinitely, He also, asked if different
responses have been found Lo resistance in the laboratury and in the
field, and if there are different types of acctyleolinesterases in ticks.
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However, Dr. Tahori notcd that the development of resistance to
multiple products docs not mean that the same gene codes it. Research
is directed not to enzymaltic and genetic aspeets. Rosistance in the fieid
should not be different than that in the laboratory and he considered
that if it were, it would be due - human mistake,

Dr. Alfonso Lancheros (Color ) inquirad if tiek resistance were
correlated to the breed of cattl: which it parasitizes. Dr. Drummond
thought that tick resistance was a creation of man, due to the wrong
dosages of acaricides. As far as cattle of different breeds being resistant,
he stated thatl this is inherent to cach animal.. The two resistances
arc not related. However, Dr. Braithwaite suggested that in Argentina,
studics of cattle resistant to ticks indicate that those that are resistant
have a higher cholesterol content than resistant cattle.

Dr. Drummond suggested that the use of chemicals in cattle
feed can have implications of contanunation of human diets and
a possible resistance can be expected from arthropods treated for a
long time. He suggested that the same mistake should not be made which
was done in Australia. There, the indiscriminate use of acaricides have
caused serious problems with resistance. Dr. O.G. Graham (USA)
agieed that one must be aware of the different ceological zones in
which the situations and modus operandi are completely different
and stated that ihe exposition made by Dr. Galun was important
because the conventional methods presently used for tick control won't
last much longer. More developed methods will have to be implanted.

Dr. Jose Payno (Bo'ivia) 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) inguired about the stability of
pheromones. Dr. Galun stated that some are stable and others noi.






The Contribution of the Basic Scientist to

/\rlhr()pod Control

Kenneth Thompson *

Dr. Sanmartin commented quite correct:y on one point 1 would like
to reiterate. We have to consider those who are really interesied in
their field (work) for advanced training. This means we must not
always 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 lacks practieal knowledge. That is, he isn't taught
from the ground level to book level but only book to book level. Therefore,
as Dr Sanmartin 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 the 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 {hz other
must find a practical solution and return to the field with something
that works.

The contribution to arthropod control (or ecradication) will
undoubtedly be in one of the following areas:

(1) Acaricides.
(2) Genetic con.rol.
(a) Sterilizing agents, i.e. ionizing irradiation or chemical
sterilan.s.
(b) Hybrid sterility.

* Acarologist. United Kingdom: Overseas Develapment Miuistry Special Projeet.
Centro Internacional de Agricultura Tropical (CIAT).
Apartado Aéreo 67130 Cali. Colombia.
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(3) Hormonal agents.
(4) Alteration of the environment (Effects on grass are still
unknown.)
(a) Pasture spelling.
(b) Environmental manipulation.
i.e. ground fire: defoliation of herbage: elearing of land.
(c) Area controel with toxicants i.c. ultra low volume
application of OPC or carbamates from planes or
helicopters.
(3) Breeding of resistant cattle.
(6) Finding a new antizen source for immunization against the
tick.

The contribution could come {ron: the ficld of taxonomy. For one
thing. the kevs we use are. for the most part, old and erroncous. We
need new, up-dated kevs in  Spanish or “tvpe specics” from the
same tick origin so that all countries will be able to compare their
speeimens.

Tick distribution maps would list all ticks and hosts (wild and
domestic animals) within all countries.

A comraunication center would receive information or advice from
all countries or just disseminate news of a discovery between each
of them rapidiy and accurately.

Simpiy. the scientist’s contribution should be *to find the most
economical. most practical control method in an ever changing host-
parasite relationship™.
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Summary of the General Discussion of the

Enlom()logi('ul Needs of Latin America
Discussion chairman: Joao Gonzdiles

Dr. Jose M. Payno (Bolivia) asked for a consensus on common
problems. Dr. Antonio Ibanez (Paraguay) indicated the necessity of
identifying arcas 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 Londono (Colombia) stated that studies on biclogical
control - must  be  intensified, Dr. Gavin Braithwaite (Overscas
Development Ministry, Argentina) noted that the bio-ccological studies
being carried out now in Latin America, need to he unified. Dr. Payno
stated that the cconomic loss factors for tick and tick-torne discases
must be studied. Dr. Marcelo M. Rojas (Peru) added that the economic
impact of ectoparasites on Zebu must also be studied,

Dr. Payno noted, however, that there are financial problems within
Latin American countries which limit them. and furthermore, other
countries are not workire with Boophilus microplus. Dr. Londono
further asked how it would he possible to get ectoparasite information
when there is none in Latic Anierican countries to vive, Dr. Herculano
Cardezo (Uruguay) also emphasized the need tor international help
and w teehnical package and he coneluded that CIAT and FAO could
help by disseminating papers from all aver the world to Latin American
countri-.. Dr. Ralph Bram (FAO, Italy) sugoested that FAO needed
aresolution to set up a global acaricide resistance monitoring program
m Latine America. He also indicated the need for a4 conter that. can
maintain tick species for a long time whieh should be located in the
center where the expertise can be found. Dr. Joio Gonzalez {Brazi)
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emphasized that Latin problems should be solved by Latins and he
defined CIAT's role as a Consultation Center. Dr. Helio Noguera
Espinola (Brazil) also noted that that Brazil has expertise in tick
taxonomy and has collections of inseets and cctoparasites.

Dr. Bram stated that subject to the request by the participants
ol the ectoparusite workshop, FAO would consider establishing a
regional center for tick taxonomy available to all Latin American
countries. The countrics can request aid and FAO will then support
regional projects in a taxonomic center,

Dr. Nels Konnerup (USAID, USA) stated that USAID would
finaneially support a taxonomic center but would not supply funds
to build one.

Dr. Kenncthi €. Thompson (CIAT, Colombia) noted that subject
to the apprevad of the Director General and the CIAT Board of
Trustees, CIAT could accept the responsibility of disseminating
information on the ectoparasites of cattle from all over the world to
Latin American countries.

Dr. Derick W Heinemann (Surinam) presented a statement
concerning:

(1) Documentation

This mecting recommends that CIAT scek funds to enlarge its
animal health documentation service to enable the regular
distribution of current knowledge of ectop:. .. ites relevant to
Latin America. This should include all infor autios: pertaining to
the development of resistance by ticks to anwi=e s

(2) Training

This meeting recommends that CIAT coordinate the mapping of
the distribution of bovine tick especies in Latin America and to
this end should scek funds to hold laboratory courses in tick
identification and tick survey methods.

Dr. Konnerup presented « statement of interest in cetoparasite
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
Eiological Rescarch in assisting in organization and participation
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 Insecct Physiology and
Ecology (ICIPE) and the lIsrael Inc.itute for Biological Rescarch
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 your attention to the work heing
arried out by ICIPE and ILRAD. It is hoped that much closer
links can be established in seminars. workshops and training
programs for the future and that CIAT and the African
Institutions along with Australian participation can expand the
sphere of infiucnce into Asian areas as well.

The general recommendations approved by the Ectoparasite
Workshop are as follows:

(1) FAO will study facilities existing in Latin America for the
establishment of a center for taxenomy and general training.
(2)  FAO will also search for a suitable country in Latin America

to be developed as a monitoring center for rescarch on tick
resistance to acaricides.

(3)  The seminar recommended Brazil to accomplish the first two
recommendations.

(4) CIAT will be the communication center for disseminating
information on bovine ectoparasites throughout Latin
Anicrica.
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